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ENAMEL IN THE TEETH OF AN EMBRYO EDENTATE 
(DASYPUS NOVEMCINCTUS LINN).1 

BY 

A. M. SPURGIN, M. D. 

Wl'rH 2 PLATES. 

Tomes was the first to work on the embryology of the teeth of the 
nine-banded armadillo (Dasypus novemcinctus L.). In 1874, he exam
ined two embryos, one early and one relatively late. The exact length 
of these embryos I have been unable to ascertain, but in the early one 
a layer of dentine had been deposited. He said that the stellate reticu
lum or enamel pulp was absent, and that he failed to find any enamel or 
anything like it upon the teeth. He regarded the enamel organ as rudi
mentary, stating that an enamel organ was present in all tooth-germs, 
and that it was entirely independent of any subsequent development of 
enamel. 

In 1884, Pouchet and Chabry examined embryos of Orycteropits capen
sis, and Bra.dypus tridactylus. In an embryo of the former, of 32 cm., 
they found a typical rudimentary incisor with an enamel organ and 
dental papilla in which a layer of dentine had been deposited. An embryo 
of 12 cm. of Bradypus tridactylus showed an enamel organ covering the 
dental papilla in which a layer of dentine had appeared. In an embryo 
of the same animal of 23 cm. in which the teeth had erupted, they 
described the dentine, vasodentine, and outer coat of cement of the 
typical adult tooth. They found no enamel, and state that the stellate 
reticulum was absent in the enamel organ of the sloths. 

As early as 1828, A. Brants found a rudimentary incisor in the lower 
jaw of Bradypus tridactylus. P. Gervais in 1873 confirmed this dis
covery. Burmeister made a similar discovery in the fossil Scelidotherium 
leptocephalum. Flower, in 1869, described a rudimentary incisor in the 
lower jaw of Tatusia Peba (Dasypus noverncinctus), and in 1877 Rein
hardt observed as many as four in the lower jaw of the same animal. 

Hensel has shown that the armadillos, Dasypus novemcinctus and 
D. hybridus Desm. are diphyodont. In an examination of thirty five skulls 

1 Contributions from the Zoological Laboratory of the University of Texas. No. 51. 
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of the former, he found some with milk teeth aml some showing the 
change to the premanent set. The last tooth had no predecessor, and 
the teeth were not changed until the animal had nearly reached the 
adult stage. On examination of two skulls of Dasypus hybridus a simi
lar condition was found. A rudimentary incisor was also found in 
this animal. The milk teeth have been described as two-rooted, but 
Tomes holds that this appearance is due to the absorption set up by 
the pressure of the succeeding permanent teeth. 

In 1889, 0. Thomas found in two young specimens of Orycteropus 
of fourteen and eighteen inches respectively, a complete though rudi
mentary set of milk teeth in each jaw, none of which were in the pre
maxillre. They were all minute, and this fact led him to think it 
very doubtful that they would ever have cut the gum. Unfortunately 
his material was limited, and he made no histological investigation, 
so we know nothing of the structure of the enamel organ at this stage. 
Thomas has also examined specimens of Bradypus, Cholcepus, and 
Dasypus, apparently of a suitable age, and could find no trace of a milk 
dentition; he says, however, that the possibility still remains that in 
younger stages uncalcified tooth-buds of such teeth may be present. 
Tomes and Flower have also examined fo:tal Cholcepus and Bradypus 
and have found no trace of any milk dentition. 

In 1892, Rose (92a, p. 507) observed in an embryo of Myrmecophaga 
didactyla. 20 cm. long, at the point of the jaw, where in other cases the 
tooth-buds are connected with the mouth epithelium, a row of excep
tionally high papillre. He thinks that very probably in younger stages 
the tooth-buds were formed at this place but were not further developed. 
Jn the same year, in an embryo of 7.6 cm. of Manis tricuspis and one of 
M. javanica of 9 cm., Rose 2 found well defined dental folds in both upper 
and lower jaws, and in the lower jaws rudimentary club-shaped tooth
buds. He has shown by examination of older specimens that they sub
sequently disappear. 

The only work that has been done on the teeth of the armadillo since 
that of Tomes has been done by Rose and by Ballowitz who worked at 
the same time but independently of each other. 

In 1892, Rose examined two embryos, one of Dasypus novemcinctus 
of 7 cm. and one of D. hybridus of 6 cm. In the first-named embryo he 
found an enamel organ composed of an inner and an onter epithelial 
layer and a well developed stellate reticulum. He did not describe any 

2 The mounted slides of these embryos bad been furnished by Max Weber ('91 ) who 
had not found any indication of the dental folds. 
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stratum intermedium. He described the buds for the permanent teeth 
as arising from the outer layer of the enamel organ, and· not, as rromes 
has shown it in one of his figures, as coming from the mucous mem
brane of the mouth 0avity. The bud for the eighth tooth, which has 
no predecessor, he described and illustrated as arising directly from 
the mucous membrane of the mouth cavity. "With the exception of the 
first, the teeth are bicuspid. The tooth-buds of two rudimentary incisors 
were described but no dentine had been deposited. Rose found the same 
general condition in the embryo of Dasypus hybridus. Besides two rudi
mentary incisors, there were seven back teeth, the first two having 
single cusps. On the whole the development was further advanced than 
in the other embryo, dentine having been deposited in the rudimentary 
incisors as well as in some of the back teeth. Rose found in connection 
with the enamel organ of both of these rudimentary incisors, secondary 
buds coming from the outer epithelial layer, the one from the second 
incisor being best developed. He remarks that this does not cut off 
the possibility that this tooth may also have a successor in the later 
change of teeth. He states that while the embryos examined by him 
had no enamel, they did have, as a secretion product of the enamel cells, 
a thin structureless membrane lying directly against the dentine and 
exactly corresponding to the formation which in other animals we call 
N asymth's membrane. 

Ballowitz examined two embryos of Dasypus novemcinctus of 6 and 
8 cm. respectively. He found a typical enamel organ, with inner and 
outer epithelial layers, stratum intermedium, and well developed stel
late reticulum. He describes the processes of the inner columnar 
epithelial cells, generally known as Tomes' processes, but says he has not 
been able to explain them. He states that very soon after the first layers 
of dentine have been deposited, the outer layer of cells disappears and the 
stellate reticulum is replaced by connective tissue. He says that while 
it is true that the inner epithelial layer and stratum intermedium remain 
over the calcified dentine in an unbroken layer, they have undergone a 
considerable change; the inner layer loses its columnar shape and becomes 
flattened, the stratum intermedium is reduced, so that only two or three 
layers of flat cells can be found on the cusps. Whether these cells have 
anything to do with the development of N asymth's membrane, or whether 
in these teeth such a membrane was present at all, Ballowitz says, it 
was impossible to decide. In the tooth-buds of the larger embryo, which 
were separated only by connective tissue, he found secondary buds coming 
off from the lingual side of the outer epithelial layer of the enamel 
organ. No rudimentary incisorR were described, and I presume none 
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were observed. The point Ballowitz lays most stress upon is the finding 
of an epithelial ring at the base of the dental papilla which is a portion 
of the enamel organ constricted off from the lower edge of that organ. 
He has shown this epithelial ring to persist in the adult, and he regards 
it as essential to the development of the dentine in these continuously 
growing teeth. He quotes from A. \On Brunn's work on the enamel 
organ in support of this theory, but I have been unable to see this 
article. Ballowitz denies that the presence of the stellate reticulum 
and stratum intermedinm have any close connection with the deposition 
of enamel, stating positively that at no time can enamel be deposited 
in the Dasypus novemcincfos, and that the only functions of the enamel 
organ are: to giYe form to the developing tooth, to stimulate the odon
toblasts to deposit dentine, and to gfre off the epithelial ring which is 
necessary to the continued development of the dentine. 

A year ago, Dr. W. ~L Wheeler, of the School of Zoology, had the good 
fortune to secure four embryos of the Dasypus no·vemcinctus from an 
adult female which had heen kept in the laboratory for several weeks. 
The embryos were removed immediately after the animal had been chloro
formed, and were hardened for six weeks in Mii.ller's fluid, primarily for 
studying the placentation. He found four placentre inclosed in one 
amnion (Plate I), but has not since had the time to study the subject 
further. Dr. \Vheeler very kindly furnished me the material for work
ing on the embryology of the teeth, but owing to the pressure of other 
work, nothing was done until this year. 

The largest embryo of 9 cm.3 and one measuring 8.5 cm. were selected. 
From the larger embryo, longitudinal sections of the lower jaw were 
made, and by making a sagittal section of the upper jaw, both longi
tudinal and transverse sections were obtained. They were imbedded 
in celloidin, cut 25 micra thick, and stained in hrematoxylin and 
eosin, but were not kept in series. From an embryo of 8.5 cm. both 
longitudinal and transverse sections of the lower jaw and longitudinal 
sections of the upper jaw were made. They were imbedded in paraffin, 
cut 10 micra thick, mounted in series, and stained with iron luema
toxylin. 

In the longitudinal sections of the lower jaw of the 8.5 cm. embryo, 
I found five rudimentary incisors and eight back teeth. The jaw 
measured 11 mm. from the tip to the posterior edge of the last tooth
bud. The first incisor was found 1.8 mm. from the tip, the width of 

a In all cases tbe measurements given are from the crown of the head to the base 
of the tail. 
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the jaw at this point being 1.5 mm. The incisors were separated from 
each other by about .5 mm. These rudimentary incisors diminjshed in 
si.ze and degree of development from behind forward as shown in Plate 
Il, Fig. 1. They were separated by connective tissue with the exception 
of the last two, which were separated by a rather large piece of cartilage. 
A similar piece of cartilage behind the last tooth and a somewhat smaller 
piece growing up between the third and fourth teeth (Plate II, Fig. I), 
would seem to indicate that sockets were to be formed for at least the 
last two. The shape of the first three teeth is that of a true incisor 
with a single cutting edge, while the shape of the last two is nearly that 
of a typical cuspid with a single somewhat prominent cusp. 

On each of the rudimentary incisors a layer of enamel has been depos
ited. T'he relative thickness, which diminishes from the back tooth for
ward, is represented in Plate II, Fig. 1, by the black line. Under the low 
power, the enamel appears as a dark band which, in many sections, has 
been pulled away from the dentine and fractured in the direction of 
the enamel rods. This was due to the sectioning, since the tissue had 
not been completely decalcified by the Muller's fluid. Plate II, Fig. 2, 
shows this condition in a high power drawing of one of the incisors. 
With the 1)--inch oil immersion lens the direction and structure of the 
enamel rods could be made out. In the fourth and fifth incisors the 
inner layer of the enamel organ had lost its columnar character; the 
stellate reticulum had disappeared, and only a few layers of flattened 
epithelial cells remained over the enamel layer. In the first three teeth, 
in which the enamel was not so thick, more of the enamel organ re
mained, and at places away from the central area of the cusp, the 
columnar cells of the inner layer could be seen~ The cells in the imme
diate area of the cusps were flattened as in the case of the last two teeth. 
This clearly indicates that the enamel in the last two teeth has been 
completely laid down, while more may yet be deposited from the col
umnar cells in the three anterior teeth. No N asmyth's membrane could· 
be found, and no secondary buds were observed in any of the rudi
mentary incisors. These buds were not to be expected, since the develop
ment had advanced considerably further than in the 6 cm. embryo of 
Dasypus hybridus, in which Rose demonstrated their occurrence. Al
though I carefully examined the sections from the upper jaws of both 
embryos, I failed to find any trace of buds for rudimentary inci8ora. 

From a study of the longitudinal and transverse sections from the 
lower jaw of the 8.5 cm. embryo, it could be seen that the tooth-buds 
of the eight back teeth were almost completely surrounded by cartilage. 
The two plates of cartilage forming the groove in which the teeth were 
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developing sent prolongations between them which roughly followed the 
contour of the teeth. The tooth-buds, however, were close together 
and complete septa had not as yet been formed between them. In all . 
the back teeth except the eighth, a thin layer of dentine had been 
deposited and in a few of them it was calcified. On the whole the 
development of the teeth in the lower jaw was in advance of that of 
the upper. In the embryo of 9 cm. the development was still further 
advanced, and calcified dentine was found in most of the teeth. Plate 
II, Fig. 3, shows the first back tooth with a well developed layer of 
enamel appearing under the low power as a much darker band than the 
dentine, and broken at frequent intervals in the direction of the enamel 
rods in the process of s~ctioning. As in the first three rudime11tary 
teeth, the columnar cells of the inner layer of the enamel ~rgan have 
become flattened over the thicker portion of the enamel layer, while 
they still retain their shape over the thinner portions (Plate II, Figs. 
2 and 3, ce). The stellate reticulum and outer layer of the enamel 
organ were still present over the sides of the dental papilla as shown 
in Fig. 3. The portion marked eo, which has been torn in sectioning 
from the body of the enamel organ, shows the epithelial ring (er) 
in process of being constricted off. This has been described in full by 
Ballowitz and has also been observed by Pouchet and Chabry in the 
c·mbryo of the sloths. I found this portion of the enamel organ in 
many sections of both rudimentary and back teeth. In some sections 
it ha;; been separated from the enamel organ. Plate II, Fig. 4, shows 
a high power drawing of the enamel and dentine from the same section 
as Plate II, Fig. 3. The uncalcified dentine is easily distinguished from 
the darker calcified dentine, being cut off from the latter by a sharp 
line of demarcation, a condition which was not found in any 
of the rudimentary teeth. This may indicate that in these teeth the 
dentine has been completely deposited. If such proves to be the case in 
later embryos, Ballowira's theory concerning the epithelial ring would 
have no weight. 

In the fifth and sixth tooth-buds, in the longitudinal sections of the 
smaller embryo, the buds for the permanent teeth could be seen coming 
off from the outer epithelial layer of the enamel organ. Plate II, Fig. 5, 
which shows this, shows also a portion of the enamel organ with inner 
and outer epithelium, stratum intermedium, stellate reticulum, and 
Tomes' processes. A thin layer of uncalcified dentine has been deposited. 
I do not find that the outer layer of the enamel organ is broken through 
until after the enamel has begun to be laid down. Rose and Ballowitz 
both describe the breaking up of this layer as taking place shortly after 
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a thin layer of dentine has been deposited and much earlier than is the 
case with most animals. Rose (93, p. 448) describes the same condition 
in the teeth of reptiles. The condition I find is exactly what we should 
expect. As is well known, the dentine is deposited first and the outer 
layer and stellate reticulum of the enamel organ do not disappear until 
after the first layers of enamel have been deposited (Sudduth, 86, p. 
640). Rose and Ballowitz, however, found no enamel and Ballowitz 
describes the early degeneration of the entire enamel organ. 

The bud for the last tooth, which has no predecessor in the milk
dentition, was considerably smaller than the other seven. A .well-rounded 
dental papilla was present, and the enamel organ was connected with 
the enamel organ of the seventh tooth by an epithelial band consisting 
of several layers of cells (Plate II, Fig. 6). I could trace this band 
distinctly through ten or twelve sections from the longitudinal series 
of both upper and lower jaws of the 8.5 cm. embryo. I was also able 
to follow it in the transverse serial sections of the 10\ver jaw of the 
same embryo. 

As will be seen, the results of my work on the tooth embryology of the 
armadillo differ in several important points from those of Rose and of 
Ballowitz. Rose described and :figured the bud for the last tooth as 
coming from the mouth cavity direct, but it had not as yet expanded 
into the enamel organ and no dental papilla was present. What Rose 
had was probably a tubule of one of the glands which appear in the 
region behind the last tooth-bud. 

As has been mentioned, Rose describes as the secretion product of 
the enamel cells, a thin structureless membrane which lies directly 
against the dentine and corresponds to the Nasmyth's membrane of other 
animals. It is very evident that such a membrane does not exist 
between the dentine and the enamel which I have shown to be deposited 
later. Rose may have seen a very thin layer of enamel. 

I shall not enter into a discussion of the epithelial ring upon which 
Ballowitz lays so much stress, since I did not have access to the litera
ture upon the subject, hat he is certainly wrong in asserting that the 
only function of the enamel organ is to give the form to the developing 
tooth, and to give off the epithelial ring. In regard to the presence 
of the stellate reticulum, Rose offers no explanation. Ballowitz, while 
recognizing that the stellate reticulum is found only in tooth-buds in 
which a layer of enamel is afterwards deposited, denies that it has any 
connection with the deposition of this substance. It is indeed difficult to 
see how Ballowitz could have failed to see any significance in Tomes' 
processes, which he described in connection with the enamel cells. He 

5a 
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says that we could adopt Waldeyer's mcchan.ical theory of the enamel 
pulp as merely serving to make room for the developing tooth, were 
it not for the fact that the entire enamel organ disappears so early. 
But I have shown that this is not the case; the breaking up of the outer 
epithelial layer and disappearance of the stellate reticulum does not 
take place any earlier in the armadillo than in other animals. \\11ile 
recognizing the importance of the enamel organ in all animals as direct
ing the growth of the dentine and gi \·ing the form to the tooth, I do not 
believe that the stellate reticulum merely subserves a mechanical func
tion; but I r~gard the finding of enamel in the armadillo as strengthen
ing the view that the stellate reticulum holds pabulum for the first layers 
of enamel. 

I was unahle to see Reinhardt's article, but find through Rose's dis
cussion of it that he describes the rudimentary teeth of Dasypus novem
cinctus as haYing closed roots and states that they neYer cut the gum 
but are later absorbed. He says, howeYer, that the last tooth is sometimP~ 
retained in half-grown animals. I did not find the teeth showing any 
signs of absorption and, as can he seen from Plate II, Fig. 1, they have 
open roots which are typical of the persistently growing adult teeth. 
I believe that the teeth will be erupted and thus lost. I am led to this 
view by the fact that there are indications of the formation of sockets 
for the last two teeth, and that the teeth are all fairly well developed. 
Supporting this view, we know that in the Priodontes the teeth in the 
antei:ior portion of the jaw are soon lost and that all traces of the 
sockets disappear. We also know that in Dasypus setosus, and the fossil 
Chlamydotherium, incisors still function. 

While Rose and Ballowitz wry correctly state that the discowry of a 
well developed enamel organ in the armadillos tends to sho-w that they are 
descended from animals whose teeth are more highly organized, I have 
shown that enamel is still present on the teeth of the milk dentition, 
and that the gradual reduction of the enamel, as well as that of the 
incisor teeth, is still taking place. I believe that older stages of the 
Dasypus hybridus, in which, according to Rose, the enamel organ is 
equally well developed, will show enamel. The question as to whether or 
not any enamel is pre&ent in the tooth-buds of the premanent teeth, and 
the question as to how long the enamel remains on the milk teeth are 
matters for further study. The fact that the enamel organ is well 
developed in the eighth tooth (Plate II, Fig. 6), which has no prede
cessor in the milk dentition, '"~ould seem to indicate that this permanent 
tooth would have ena1ne1. I attempted to demonstrate this by making 
dry sections of back teeth hlken from several adult armadillos; but as 
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I was unable to obtain a young animal, all the teeth at my disposal 
were more or less worn, and if there had been enamel on the teeth at 
eruption it had been worn off. 

Although no enamel is present on the adult teeth of any of the living 
Edentates, the fossil forms Progmegatherium and Promylodon, from 
the infra-Pampean beds of Argentina, have been distinguished by 
Ameghino from the Megatherium and Mylodon as possessing bands of 
enamel. Burmeister, 91, however, who has also worked on the fossils 
of this region, disputes Ameghino's statement. Flower ( 91, p. 204), 
states that some Glyptodonts occurring in South American beds of an 
earlier age than the Pleistocene have enamel bands on the teeth. I con
sider this fact of great weight in showing a possible connection between 
the Glyptodonts and the living armadillos through the fossil Chlamy
dotherium, whose teeth resemble those of the Glyptodonts, but have no 
enamel. 

UNJVERSI'l'Y OF Tl!:XAS, Austin, Texas, May 15, 1903. 
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EXPLANATION" OF PLATES I AND II. 

REFEREXCE LETTERS. 

c., cartilage. 
ct., connective tissue. 

·iep., inner layer of enamel organ. 
mm., mucous membrane. 

ce., columnar cells over thinner oep., outer layer of enamel organ. 
o., odontoblast cells. portion of enamel layer. 

d., dentine. 
dp., dental papilla. 
e., enamel. 
eo., enamel organ. 
er., epithelial ring. 
eb., epithelial band. 
fep., flattened cells of enamel 

organ. 

sr., stellate reticulum. 
si., stratum intermedium. 
sb., secondary bud. 
stb., portion of second tooth-bud. 
1ul., uncalci:fied dentine. 
*., space left by shrinkage 

of specimens. 

All figures (except Plate I) wue made with the aid of the Camera 
Lucida and in the process of reproduction were reduced about one-third. 

PLATE I. 

Photograph of embryos Dasypus novemcinctus L., showing placentation. 
Reduced about one-third. 

PLATE II. 

FIG. 1. Longitudinal section, lower jaw 8.5 cm. embryo, showing rudi
mentary incisors. Leitz obj. 3, Oc. 1. 

FIG. 2. Rudimentary incisor of Fig. 1 enlarged, showing enamel sepa
rated from the dentine and fractured in the direction of the enamel rods. 
Leitz obj. 7, Oc. 1. 

FIG. 3. Longitudinal section, lower jaw 9 cm. embryo, showing enamel 
in_ the first back tooth. Leitz obj. 3, Oc. 1. 

FIG. 4. Enamel and dentine of Fig. 3 enlarged, showing uncalcified 
dentine and odontoblast cells. J,eitz obj. 7, Oc. 1. 

Fm. 5. Longitudinal section, lower jaw 8.5 cm. embryo. A portion of the 
tooth-bud of the fifth back tooth, showing the secondary bud coming from 
the outer epithelial layer of the enamel organ. Note Tomes' processes of 
the inner epithelial layer directed toward the dentine. Leitz obj. 3, Oc. 4, 
tube drawn out to 20 cm. 

FIG. 6. Longitudinal section, lower jaw 8.5 cm. embryo, showing the 
enamel organ of the eighth tooth-bud still connected by an epithelial band 
to the enamel organ of the seventh tooth-bnd. I.,eitz obj. 3, Oc. 1. 



ENAMEL IN THE TEETH OF AN EDENTATE (Armadi!Lo). PLATE I 
A. M. SPURGIN 

AMERICAN JOURNAL OF ANATOMY--VOL. 111 



ENAMEL IN THE TEETH OF AN EDENTATE (Das1nms novemcinctiis I,.). 

0-
0 '""O -u 
(IJ QJ J ; 

I I 

A. M . SPURGIN 

AMERICAN JOURNAL OF ANATOMY--VOL. Ill 

Q; 

v 



PLATE II 







MELANDER:-NORTH AMERICAN SPECIES OF AM/v£0PHILA 

AMMOPHILA Kirby. 

13. abbreviata Fao1 ., Syst. Piezatorum, p. 204. J ':j?. (1804). C. S., :\lex., S. Amer. 
14. urnaria Klug. Dahlh., Hym. Eur., vol. 1, p. 14, (1843). U. S. 
15. m"gricans Dahlb., ibid., p. 14. J. Amer. bor. 

interaj>la Lep., Hym., vol. 3, p. 378. (1845). 
j>rocera Lep., ibid., p. 376. ':j?. (1845). 
macra Cre!'s., Proc. Ent. soc. Phil., vol. 4, p. 460. J. (1865). 

16. procera Klug. Dahlb., Hym. Eur., vol. 1, p. 15. d' ':j?. (1843). Amer. bor. 
g1yphus Smith, Cat. Byrn. Brit. mus., vol. 4, p. 222. ( 1856). 

17. grarilis Lep., llym., vol. 3, p. 381. J ':j?. Can. U.S. Mex. (nee gracilis of Cameron). 
18. .1rvensis Lep .. ibid .. p. 384. d' ':j?. Amer. bor. 
19. aberti Haldeman, Stans. Gt. Salt Lake Exp., 368. 

Patton, Bull. U. S. geol. surv., vol. .c;, p. 353. 
20. fragilis Smith, Cat. Hym. Brit. mus., vol. 4, p. 219. 

Rica. Tex. 

(1852). West tJ. S. 
':j? 6. (1879). 

J ~. (1856). Brazil, Mex., Costa 

i11ej>ta Cresson, Trans. Amer. ent. soc., vol. 4, p. 209. d' ':j?. (1872). 
21. breviceps Smith, Cat. Hym. Brit. mus., vol. 4, p. 221. ':j?. (1856). :\lex. 

varij>es Cress., Proc. Ent. soc. Phil., vol. 4, p. 457. d' ~ . (186_:;) . Col. 1\Jex. 
22. atriceps Smith, Cat. Hym. Brit. mus., vol. 4, p. 221. J ':j?. (1856). :\lex. 
23. barbata Smith, Ann. mag. nat. hist., (4), vol. 12, p. 260. ':j?. (1873). Mex. 
24. yan-owi Cress., Rept. Geogr. geol. surv., rnoth mer., vol. 5, p. 713. 6. (1873). Col. 
25. j>lacida Smith, Cat. Hym. Brit. mus., vol. 4, p. 221. d'. (18_:;6). Cal. 
26. saer•a Smith, ibid., p. 222. ~. Cal. 
27. conditor Smith, ibid., p. 223. Fla. 
18. ferruginosa Cresson, Proc. Ent. soc. Phil., vol. 4, p. 455. (1865). Col. 
29. j>ruinosa Cress., ibid., p. 455. Col. 
30. collarz"s Cress., ibid., p. 456. Col. 
31. extremitata Cress., ibid., p. 457. Col., Tex., Ill., N. :Mex. 

j>ictij>ennis Walsh, Amer. ent., Yol. l, p. 164. (1869). 
anomala Taschenberg, Zeitschr. ges. naturw., vol. 34, 434. (1869). Ill. 

32. j>olita Cress., Proc. Ent. soc. Phil., Yol. 4, 458. ':j?. (1865). Col. 
33· vulgaris Cress., ibid., p. 458. d' ~. Col., Tex., N. Mex., Ill. 
34. mediata Cress., ibid., p. 459. d' ~. Col. 
35· strenua Cress., ibid., p. 4.'i9· ~. Col., X. :Mex. 
36. juncca Cress., ibid., p. 46o. J. Col. 
37. miliaris Cameron, Biol. Centr.-Amer. Hym., vol. 2, p. 3, 6. (18SS). Guatemala, 

Panama 
38. gaumeri Cam., ibid., p. 4. d'. Guat., ~lex. 
39. micans Cam., ibid., p. 5. ~. Guat. 
40. iridij>ennis Cam., ibid., p. 5. J ~. Guat. 
41. centralis Cam., ibid., p. 6. J. Guat. 
42. aureonotata Cam., ibid., p. 7. J ':j?. Mex. 
43. ceres Cam., ibid., p. 8. J. Guat. 
44· zantkojtera Cam., ibid., p. 8. ~. Guat. 
45. chamj>ioni Cam., ibid., p. 9. ':j?. Guat. 
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46. striolata Cam., ibid., p. ro. ~. :\Iex. 
47. alticola Cam., ibid., p. IO. (J. Mex. 
48. trichiosoma Cam., ibid., p. 1 r. (J. Guat. 
49. picipes Cam., ibid., p. 11. J'. Mex. 
50. consors Cam., ibid., p. 12. J' ~. Mex. 
5r. nigrocaerulea Cam ., ibid., p. 12. d. "'.\Iex. 
52. mo11tezuma Cam .. ibid., p. 13. (J. :'.\lex. 
53· de_jecta Cam., ibid., p. 14. Mex . 
5+· cora Cam., ibid., p. q. (J. Guat. 
55. azteca Cam., ibid., p. 17. ~. Mex. 
56. voltanica Cam., ibid., p. 17. ~ . Panama. 
S7· chiriquensis Cam., ibid., p. I8. ~ Panama. 
58. comanche Cam., ibid., p . 19. Mex. 
59. nearctica Kohl, Yerh. zool.-bot. ges. \Yien, ,-ol. 34, p. I8. .j . 1889. \Vash. 

[A. ugus t 

6o. femur-rubrum Fox, Proc. Cal. acad. sci., f2), vol. 4, p. 102. ~. (I894). L. Cal. 
61. nasalis ProYancher, ~at. can. vol. 20, p. III. J'. (1895). Cal. 
62. guerinii Dalla Torre, Cat. Hym., vol. 8, p. 400. (1897). Cuba. 

apicalis Guerin. Icon. reg. anim., vol. 7, p. 435. (1845). 

CoLuPTERA Fabr. 

63. wrightii Cresson. Trans. Amer. ent. soc .. vol.+· p. 378. )? . (1872), Tex .,~. "'.\Iex. 

HULL ZOOLOGICAL LABORATORY 
The University of Chicago, 

~lay 2,)' 1903. . 

THE NORTH _UIERICAN _.\:'\TS OF THE GE~lTS STENAMMA 
SE~Sl- STRICT0. 1 

BY WILLIAM 1WRTO); WHEELER, A:'.\lERICA:\' :'.\lUSElJM OF XATURAL HISTORY, :S-EW 

YORK~ X. Y. 

There is a good deal of confusion in regard to the two described North 
American species of STE)l"A.YEvlA sensu stricto, owing to imperfect knowledge of the 
sexual forms of one of the species. Stenamma nearctiettm " ·as described by Mayr 
from two male and two female specimens taken towards the end of October in 
California. To the same species he referred two vrnrkers , one from New Hamp-

1 Contributions from the Zoological Laboratory of the University of Texas. No. 51. 
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shire and one from Virginia. Later he withdrew the description of the workers 
and left the species to rest on the descriptions of the winged forms alone. The 
other species (S. bre'l!icorne Mayr) was described at length from worker and female 
specimens taken in Virginia. 

In his revision of the North American STENAMMA, Emery regarded nearcticum 

as a subspecies of the European S. westwoodi, and referred to this same form his 
own subspecies diecki with its variety z'mpressum. 

More recently Forel has again revised the species, prefacing his conclusions 
with the following remarks: "This subgenus (STENA~IMA sens. str.) presents an 
almost inextricable tangle of allied forms. The sculpture of the American species 
is denser than that of S. westwoodi of Europe. I believe that they should be 
separated specifically, if only for the sake of unravelling the tangle. On the 
other hand, I doubt whether S. diecki Emery really belongs to nearcticum and 
believe that it belongs rather to bre'l!icorne. Emery gives the differential char
acters between the American workers and the typical Westwoodi but not between 
the workers of nearcticum and brez•icorne. Now the fundamental difference between 
these two species lies in the wings, and none of the specimens described by Emery 
as nearctz'cum, diecki, etc., seem to have possessed these appendages, as the author 
makes no mention of them. It seems to me more prudent, therefore, since the 
winged sexes are so little known, to retain the name nearcticum only for the female 
and male described by Ma yr, and to consider all the other American forms as 
races or varieties of breviconze till we have proof of the contrary." 

After examining considerable material of STENAMMA from different parts of 
the United States, from Connecticut to Washington, I am able to ·establish the 
truth of Professor Forel's conjecture. Among this material a single male and 
female collected at Corvallis, Oregon, and sent me by Mr. J. C. Bradley, are 
without question referable to Mayr's nearcticum. These specimens are very dark, 
with conspicuous apterostigma, and with the same neuration as the European 
westwoodi, i. e., the inner branch of the cubital vein comes off at tlze cross-7Jein. 
The males and females of all the other North American forms in my possession 
(including diecki Emery !) have the inner branch of the cub ital vein arising .from 
the middle o.f the cubital cell, and therefore undoubtedly belong to bre7Jicorne Mayr, 
as Forel has conjectured. Emery ·was evidently puzzled by the sculpture of the 
postpetiole. This is rough and opaque in brem·corne s. str., but smooth and 
shining in some of the subspecies, like diuki. As he had no "·inged specimens of 
this subspecies he was thus led to assign it to west'woodi. 

The synonymy of the two species, as I understand it, should therefore stand as 
follows: 
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STENA~tMA XEARCTICUM Mayr. 

S. nearcticum Mayr, Verh. zool.-bot. gesell. \Vien, 1886 p. 447. J ~ (nee ~ ). 
? S. westwootli West. subsp. 1iearctimm Emery, Zool. jahrb. Abth. f. syst. bd. 8, 

1894, p.299, 300. ~-
s. 11earcticum Fore! , Ann. Soc. ent. Belg., tom. 45·, 1901 , p. 347. J 9. 

STENA~lMA BREYICOR:'.'l'E Mayr. 

Aphaenogaster brc;:icornis Mayr, Verh. zool.-bot. gesell. \Yien , 1886, p. 447. 9 ~ . 
Stenamma nearcticum :\fa yr, ibid. p. 454 ~ (nee J et ~ ). 
S. bre1•1i:orne Emery, Zool. Jahrb. Abth. f. Syst. Bd. 8, 1894, p. 298. J 9 ~. 

S. westwoodi subsp. diecki Emery and \·ar. impressum Emery, ibid. p. 300, 301. 

S. brevicorne Forel subsp. dia ki, var. impressum, and subsp. impar Forel, Ann. Soc. 

ent. Belg., t. 45 , 1901 , p . 347, 348. 
I subjoin a table for the identification of the \YOrker forms of S. bra•icorne, so 

far as I ~m able to separate them. The construction of this table has been 
facilit ated by the kindness of . Professor Emery, who contributed to my collection 
types of diecki and a specimen of \Yhat he took to be the worker of nean·iicum, 
both from Yale, British Columbia, and Professor Forel who generously sent me a 
type of impar. 

STEXA'.\DIA BREnCOR::-<E Mayr. 

I. Head, thorax and peclicel opaque: the spaces bet,Yeen the rugae not suffi
ciently smooth to make the occiput and pronotum appear shining under a low 
magn iii.cation. 

A. Larger forms (2.5 - 4 mm .). Body dark bro\rn or nearly black, except 
the base and tip of the gaster which are yellow or reddish. Milwaukee 
(C. E. Brown) ; Rockford, lllinois (\\'heeler); Beatty, Pennsylvania (Rev. P. 
J. Schmitt), Angora, Pa. (Schmitt) : Friday Harbor, Washington, (Kincaid); 
Lyndon, Vermont (A. L. Melander): Virginia ; Pennsylvania (Pergande) 

bre-uicome (typical). 
B. Smaller forms (2 .4-3 mm.) . Body brown or red; with a blackish band 
across the first gastric segment. 

r. Sculpture finer than that of the typical brericome. Length 2.4-2.7 
mm. Eye with at least six ommatidia in its greatest diameter. Epinotal 
spines well developed. Petiolar node more compressed anteroposteriody 
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than in brevicorne typ. and in profile angular above. Mesoepinotal 
depression very marked. Virginia (Forel, Pergande); Beatty, Pa. (Schmitt). 

subsp. impar Forel. 
2. Sculpture and color as in impar. Length 2.5-3 mm. Eye very small, 
with not more than three or four ommatidia in its greatest diameter. 
Mesoepinotal depression ~hallower than in the preceding forms. Epinotal 
spines small. Petiolar node longer, lower and more rounded than in 
impar. St. Vincent, Pa. (Schmitt). subsp. schmittii, subsp. nov. 

II. Back of head, thorax and nodes of pedicel more or less shining, when seen 
under a low magnification, on account of the coarser rugosity and smoother inter
rugal spaces; sculpture of the pro- and mesonotum sharp and regular, the rugae 
straight in the middle and curving on the sides. 

1. Length 2.7 5-3. mm. Color usually reddish brown. Mesoepinotal 
depression moderate. Epinotal spines robust, only slightly directed 
upwards. Yale, B. C. (Emery); Beatty, Pa. (Schmitt); Colebrook, Conn. 
(Wheeler); Rockford , Ill. (Wheeler); Pacific Grove, Cal. (H. Heath). 

subsp. diecki Emery. 
2. Somewhat larger and darker brown, mesoepinotal depression broad 
and deep. Epinotal spines very short, blunt and directed more upwards 
than in dieck£. Head less shining behind and thoracic rugae coarser and 
less numerous. Rich Springs, N. Y. (Emery); Vermont (Fore!) 

\·ar. impressum Emery. 
A fine colony of the typical bre'i/icorne, comprising all three phases was sent 

me by Mr. C. E. Brown, who found it under a stone at North ~'lilwaukee, Wis., 
May II th, 190 r. At Rockford, Ill., I have taken several colonies of this form, 
rarely under stones, but most frequently under the thick layer of dead leaves and 
vegetable mould which accumulates in rich, damp woods. In this locality I did 
not see the winged sexes till July 25th-Aug. 19th. The early capture of these 
by Mr. Brown would seem to indicate that they sometimes pass the winter in a 
virgin state in the parental nest. 

The colonies are always very small, comprising not more than 20-60 workers 
and very often even less. They resemble colonies of LEPTOTHORAX , especially 
when they are found, as is sometimes the case, nesting in hollow acorns embedded 
in the vegetable mould. The species is very timid, and apparently either nocturnal 
or subterranean in its habits. This seems to be indicated by the coloration, the 
small size of the eyes in the workers, and by the fact that I have never seen these 
insects moving about on the surface of the ground even on dark, cloudy days. 
They probably feed on small larvae and other animal food. S. brevirorne, like 
S. nearcticum, is a sub-boreal form and has not been found up to the present time in 
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the southern states. It does not even occur among the fine lot of ants kindly 
collected for me in the high mountains of New Mexico by Prof. and Mrs. T. D. A. 
Cockerell. 

The subspecies diecki also occurs at Rockford under the dead leaves in the 
very same localities as the typical bre7Jicome. Often the nests of the two forms are 
located only a few feet from each other. The winged sexes of diecki are recorded 
in my notes as occurring from Aug. 15th-19th. They are decidedly smaller than 
the corresponding sexes of the typical form, a~d the male is paler, with colorless 
wings and paler legs and antennae. I could cletect no differences in habits between 
diecki and the typical breziicorne. 

A GSTI)[, TEXAS. 

April 25th. 1903 . 

LIFE HISTORIES OF NORTH A~IERICAN GEO~IETRIDAE.-XLII. 

BY HARRISON G. DYAR, WASHINGTON, D. C. 

Coniodes plumigeraria Hulst. A general account of the life history has been 
given by Coquillett, but without detailed descriptions. The species has been 
repeatedly bred at the Department of Agriculture. Eggs were receiYed from Mr. 
E. M. Ehrhorn which were collected three miles above Saratoga, Santa Clara 
County, California, on an apple tree, and from these the life history was made out. 

EGGS. Laid in a large mass on a twig on the flat sides. Elliptical, strongly flattened 
above and below, ends nearly alike, one only a little depressed. Surface minutely_shagreened, 
somewhat tran s versely -;o, the reticulation-; nearly lost, elongate transYersely, moderately 
uniform. Size .8 X .6 X ·+mm. Color dark bronzy brown. 

STAGE I. Head rounded, bilobed, clypeus rather high; dull black, epistoma whitish; 
'ddth about .3 mm. Body robust, rather short, normal, not tapered, segments somewhat 
angularly widened centrall_L Black, a narro"- yellowish " -hite line on the sharp substig
n:atal fold, broken in the incisures ; traces or geminate yellowish dorsal line in the incisures 
of central segments. Tubercles rather large, rounded, brO\Yn; se tae distinct but not Jong, 
brownis h; feet black. 

STAGE II. Head erect, rounded bilobed. thin anterio-posteriorly at ,-ertex , brown-black, 
1·eticulate with darker, scarcely shining; " -idth .5 mm. Body moderate, rather thick, seg
ments annulate, tubercles large and produced but smooth, concolorom:, rounded, not tapered, 
black. Body s laty black. dull ; traces of a geminate white dorsal band in the inci sures and a 
broad, diffusely white lined lateral area, ill defined. Feet all black; setne fine, dark, incon
spicuous. 
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SOME EXPERIMENTS IN FEEDING LIZARDS WITH 
PROTECTIVELY COLORED INSECTS. 1 

A~NIE H. PRITCHETT. 

During the past year, from October to May inclusive, I have 
been experimenting with in~ects that possess protective, mimetic 
and warning colors or that have some disagreeable character
istics which in a measure are supposed to prevent their being 
devoured by insect-eating animals. For this purpose several 
species of lizards found in the vicinity of Austin , Texas, have 
been kept in separate, convenient cages and fed with the various 
insects. Some interesting observations on the habits of the liz
ards were made incidentally and these are also noted in the fol
lowing paper. 

The species of lizards used for the experiments are the follow
ing: Gerrltonotus infernalis Baird, Chrotap!t_J'tzts co!laris Say, 
Sceloporus floridanus Baird, Holbrookia texalla Troschel, Cllcmi
doplwrus se.x!incatus Linn., Plzrynosoma conwtum Harl., and an 
undetermined species of Eumeces. 

ExPERIMENTS ,,.ITH ScELOPORUS FLORIDAxus. 

LEPIDOPTERA. 

Anosia ple.xippus Linn. This species is conspicuously colored 
in light brown with black and white markings . It is also said 
to have a disagreeable taste and is the supposed model of the 
mimic Basi!arclzia disippus. Specimens were introduced Oc
tober 3 I, November 6, April 2 (two), April 4, April 6. Each 
time the butterfly was caught by the wing, or by the wings if 

folded, held for a few moments and then eaten slowly. It was 
not torn to pieces but held by part of the wings and swallowed 
gradually, the lizard often pausing a moment to rest. 

Papilio (Laertias) plzi!mor Linn. Formerly this was included 
in the genus Papilio but has been separated because of character
istic differences, important among which is the supposition that 
it is an especially protected form because its larva feeds on An~1-

1 Contribution from the Zoological Laboratory of the Univnsity of T exas, N o. 52. 
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toloc/zia, a poisonous plant of disagreeable taste. On October 
30, March 27, March 30 (two), l\farch 3 I, April I (three), April 
4, April 16, April 23, May 4 (four), May 6 (two), butterflies 
were introduced into the cage and quickly eaten by the lizards 
with evident relish. On May 6 one of the specimens was badly 
mutilated and the lizards were not induced to take it for more 
than an hour. 

Picris occidmtahs Reakirt. October 29, April 20 (three). 
Picris protodicc Boisd-Lec. ...\pril 2 3, May I (four). These 

forms, white with black markings, \\·ere readily eaten. 
Co!ias CUJJ 1!lzeme Boisd. :\o,·ember 8 (two), ~larch 3 I (two), 

April 9, April 20 (seven), April 23 (five), ~lay I (two). All 
quickly eaten. 

Colias ariadnc Edwards. April I 6 (two). 
Co!ias sc11ddcrc Reakirt. ~..\pril 20, May I (two). These 

species are of striking yellO\\' or orange marked \rith black, a 
typical warning combination, yet all \\·ere eaten eagerly. 

l}rrlwncea mzdria Scudder. This form is admirably protected 
by having tb e under side of the ,,-ings an exact imitation of a 
dead leaf. The \\·ings are held fo:ded closely together when the 
butterfly is at rest, and it remains motionless in this position for 
a great length of time. It is one of the most perfect instances 
of protective resemblance that I ha\·e obtained. Specimens \\·ere 
introduced ~ oYember 14, April 2 2 1 t\\'O, ! and ~) and April 2 7. 
On April 22 the butterflies \\·ere not noticed at first. Several 
times they were offered to the lizards; the male \\·as taken in 
about five minutes and the female ten minutes later. On April 
27 the butterfly was seized by the wings se\·eral times, then 
dropped again. It remained motionless unless I moved it and 
the lizard would then seize it again. Finally it \\·as abandoned, 
but it had disappeared the next day and probably had been eaten 
at last. 

/)1ramcis atalanta Linn. :N" ovember 29. This is a conspicuous 
form, of black, brown, red and white. The lizards ate it eagerly. 

P.yramcis lumtera Fabr., a similar form but having large eye
spots underneath the wings. It was eaten May I. 

Gnrpta intcrrogationis Fabr. April I. This species also has 
the under side of the wings in imitation of a dead leaf, and is 
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very difficult to detect when at rest. It is in the habit of remain
ing motionless for a long while. The specimen introduced was 
at once eaten. 

Papi!io crespltontes Cramer. One specimen was introduced 
April 2 3 and four lizards at once seized the outspread wings. 
They showed no preference for the body but ate the wings first, 
as is usually the case. On May 7 the wings of the specimen 
introduced were almost entirely eaten when the lizard happened 
to drop it. It remained quiet, and the lizard would only take it 
again after I had made the butterfly move several times. 1 

Dei!eplti!a lincata. May 5. Two of these Sphingid moths 
were introduced and seized at once. They fluttered continuously 
and th us frustrated the attempts of several other lizards that 
were trying to participate. One moth was held by the head, 
the other by the wing for quite a while, till they ceased fluttering, 
and were then eaten. 

Species unknown. May 4. This small moth is of black and 
orange, the typical warning coloration. It was eaten at once 
without any symptoms of dislike being shown. 

HEMIPTERA. 

LJ1g ceid. May 5. Just after the above-mentioned moth was 
eaten four of these bugs were introduced. They are of the typi
cal black-and-red or orange warning colors and have a very dis
agreeable odor. The same lizard that ate the moth at once 
seized a bug, chewed it a moment and spit it out, then licked his 
mouth for some time as if to remove the bad taste. Another 
lizard examined a second bug but made no attempt to take it. 
One bug was eaten later by the third lizard and the other two 
were gone next morning. May I 3 a bug was introduced, seized 
at once and then rejected as before. It is evidently quite un
palatable. 

Bracltymena myops. Three were introduced November 8, but 
were never noticed by the lizards. The bug is gray in color, 

1 A glass jar containing live butterflies was placed on a chair about two and one 
half or three feet from the cage of Sce!oporus. A large male lizard immediately 
climbed up the side of the cage, eyed the butterflies eagerly and seemed quite excited. 
This happened a few days later with several of the lizards. When the insects were 
introduced they were seized and eaten at once, several lizards quarreling over a de
sirable specimen and sharing it among themselves. 



274 ANNIE H. PRITCHETT. 

quite similar to the bark of trees that it frequents, and possesses 
a very unpleasant odor. 

Fulgorid. Introduced November 5, November 6. This lan
tern fly is almost impossible to detect when at rest upon the 
trunks of the cedars and arbor-vit~ which it frequents. The 
upper wings and exposed portions of the head and thorax are 
somber gray, the almost transparent wings showing a tinge of 
pink when spread. The under wings are either entirely black or 
have a small white spot near the center. The posterior dorsal 
portion of the abdomen is bright red or deep orange, the re
maining portions of the body being black. The insect shows 
perfect protective coloration at rest and a rather typical warning 
combination in flight. The insects \rere eaten at once by the liz
ards when seen in motion. 

CoLEOPTERA . 

C!taul£og natlws scutel!ar£s Lee. ....\I though this beetle is colored 
black and yellow it appears to be palatable. .:\lay I five were 
introduced. The first was taken by the lizard that sampled the 
LJg-ceid, tasted a little, and rejected. However three others \\·ere 
eaten by a second lizard and the last beetle by a third. l\fay 4 
twenty beetles were introduced and all were eaten without any evi
dences of unpalatability. On ::\lay 5 four were introduced just after 
the four LJg-ceids. The first was carefully examined before being 
eaten ; the second was tasted and refused by another lizard ; the 
others were not noticed, as was also the case when seven were intro
duced the following day. The lizards were probably too well fed, 
for since then, ~lay I I and I 3, they have eaten all that were offered. 

Epz'cauta sp. November 3. This black blister-beetle was 
tasted and rejected immediately. Unfortunately no more speci
mens were found. 

Zoplzerus lzaldemani Salle. This very hard Tenebrionid beetle, 
conspicuously colored in black and white, was introduced Nov
ember 9 and removed alive December I 3 during which time no 
attempt to take it was seen. Specimens experimented with Nov
ember 12 and May 5 gave the same results. 

Lucanus dama Thumb. This black, horny beetle was intro
duced November I 7 and died January 7; during this time the 
lizards never tried to take it. 
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Harpalus calig£nosus Fab. This beetle is large, black and 
rather hard, nevertheless one was eaten December 2, one De
cember I 2 and another partly eaten January 8. Four remained 
dead at this date. Their odor is offensive. 

Brachynus sp. When seized this beetle ejects a strong, volatile 
acid with a sharp, audible report. This always surprised the 
lizards ; nevertheless, of the four beetles placed in the cage three 
were eaten, but the last refused. Two more were introduced Feb-· 
ruary 26 and one March 5, which afterward disappeared and pre
sumably were eaten. 

Braclzynus sp. April 3. This beetle, larger than the pre
ceding species, was eaten at once. 

Calosoma angulatus Chev. and 
Pas£1naclms depressus Fab. were introduced March I 7. The 

lizards attempted to catch them, but failed, and soon gave up the 
chase. 

Clz!amz"us orbus Horn. The odor of this beetle is quite offen
sive. March 9 one was eaten at once. On March Io two lizards 
tried to catch a specimen but failed repeatedly. They appeared 
to notice the odor and gave up the chase. On March 2 3, how
ever, the lizard that ate the former now ate another, and still a 
fourth was eaten April 3, but with evident disgust. 

Cantharz"s fulvipenn£s Lee. This large blister beetle has the 
typical warning colors of black and yellowish-brown and is 
further protected by a disagreeable secretion that exudes from 
the joints of the legs when the insect is seized and which is 
capable of producing blisters. Four of these beetles were intro
duced May 19 and each was seized at once, then quickly shaken 
off. The lizards eyed the beetles intently, but made no attempts 
to take them. These specimens were removed and introduced 
again the following day. Only one beetle was taken this time 
and it was quickly rejected. On May 2 I several beetles were 
again introduced. One was caught and quickly rejected and no 
further notice was taken of them unless they crawled upon the 
lizards, in which case they were shaken off violently. 

DIPTERA. 

Mitsca domcstica and Stomoxys ca!c£trmzs. A small lizard of 
this species ( Scdoporus floridanus) soon became so tame that it 
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would lie on my hand and eat the flies which I caught and of
fered in my fingers. Sometimes he would catch the flies himself 
if I held him close to the window where they·were crawling. He 
also ate a number of small spiders that were just emerging from 
the egg case placed in a glass jar. The lizard was kept in a cage 
with adults of the same species and was possibly eaten by them, 
as no trace of him could be found, and these lizards had, on two 
other occasions, been suspected of devouring small lizards. 

H Y:\IE:\OPTERA. 

Pogo1zomJ'r7JU'X barbatus var. monef aciens. These ants were 
eaten October 29, November 3, November 22 and May 24. 

The sting is quite severe. 
PaclzJ1condJ·la !tarpax, a stinging Ponerine ant, was eaten Octo

ber 28. 

Po!istes amzu!aris, a formidable wasp, was not noticed N ovem
ber 5. 

0RTHOPTERA. 

GrJ1l!us abbreviatus. Several of these crickets were eaten 
March 7 and ~!arch Ir. It is therefore probable that those in
troduced ~ovember 9, January I 8, and January 19, were also 
eaten, since crickets seem to be a favorite food with all the species 
of lizards. 

N EUROPTERA. 

Panorpa nuptia!is Gerst. This species has the wings of typical 
black and yellow warning colors. A female was introduced 
November 9 and a male November I 5. Both disappeared in 
some way, but were not seen to be eaten. 

ARACHNIDA. 

Epeira fasciata Hentz. This protectively colored specimen was 
eaten October 25 and a second November 6. 

SCORPIONS. 

Centrurus caro!iniensis Beauv. On March 2 3 the specimen 
which was introduced stung one of the lizards . He appeared to 
be in much pain and was so frightened at the scorpion that the 
experiment seemed likely to terminate there, but suddenly he 
seized the offending sting in his mouth and spitefully devoured the 
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whole specimen. The color of this scorpion would seem to 
afford it efficient protection. This, together with its flat form, 
frequently prevents its being noticed by a casual observer when 
the stone under which it rests is overturned. 

MYRIOPODA. 

ju!us (Spirobo!us) mu!tistriatus \Valsh. The specimen intro
duced November I 5 was not molested, but when two were intro
duced February r 2 a lizard bit off part of the head of one ju/us. 
Both specimens died after a few days, neither being eaten. This 
myriopod has a hard integument and is defended by means of an 
acrid secretion that is thrown out from the repugnatorial glands 
along each side of the body. It has the habit of coiling up and 
remaining quiescent whenever it is touched. This action makes 
the lizards suspicious of it. 1 

EXPERIMENTS WITH GERRHONOTUS INFER.'\ALIS BAIRD. 

The favorite foods of these lizards are crickets, grasshoppers, 
spiders and scorpions. A few Hemiptera were eaten also. 

LEPIDOPTERA. 

Anosia p!exippus Linn. April I, April 2, ~--\pril 4 (three). 
None of these specimens were eaten. 

Papi!io (Lcertias) plzi!mor Linn. March 26, :\-larch 30, April 
6. All were examined and rejected. 

Pyrameis cardui Linn. November I 7. Offered and refused. 
Pyrrfwncea andria Scudder. November 9. Refused. 
Co!ias eurytlzcme Boisd. March 30, April I (three), April 6. 

On the latter date the butterfly was taken by the wings but soon 
dropped, and all others were refused entirely. 

I Sceloporus jloridanus is badly infected with an interesting mite which attaches 
itself under tbe scales of the lizard until sexually mature and then crawls up on 
the wooden part of the cage to oviposit. The eggs are placed in a peculiarly con
structed palisade and hatch as a six-legged larva that appears identical with the ordi
nary "red bug." The adult has a pubescent black integument; the head, anus and 
four pairs of legs are bright red. The legs are arranged in groups, two pairs being 
situated on the anterior portion of the body and two in the posterior region. Mr. 
Nathan Banks believes that this form may represent a new genus since it is the only 
lizard parasite that has been taken in this country, and appears to be closely related 

to the Italian genus Geckobia. 
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0RTHOPTERA. 

Acridium amcricamtm Scudd. November I 5, November 24, 
January 28, March I I, March 30. This large grasshopper is of 
a very somber, dusty color and extremely quick in flight. ·when
ever introduced into the cage it was at once eaten eagerly. The 
lizard seized the insect by the thorax, held it thus for some time, 
regrasped it mere anteriorly several times until the head was taken 
into the mouth. The insect \\"as then swallmved slowly, the 
lizard chewing a while, pausing to rest, then gulping down another 
portion. On one occasion \.vhen the grasshopper became some
what crooked, although it was nearly completely swallowed it 
was disgorged, straightened, and then devoured again. 

Species unknozen. On November 29 a large grasshopper was 
eaten in the usual way. The body, legs and head were dark 
green ; the \\·ings brown. The whole body was ornamented with 
"·hite or yellO\\. spots and lines. 

G1J1llus abbrt7:iatus. December I 2, January IO (five), -:\larch. 
7 (several), ~larch IO (two), April 6 (several). All the speci
mens were eaten eagerly. 

N ECROPTEIU. 

Pmwrpa nuptia!is Gerst. ::\" o\·ember 9. Although this warn
ingly-colored insect remained in the cage six days, no attempt 
was made to seize it. 

COLEOPTERA. 

Lucamts dam a Thunb. 1\ O\·ember 8, was not eaten. 
Zop!tcrus lw!dcmani Salle. ::\" ovember 9, was refused. 
Harpalus t;-aligiJtosus Fab. December I I and December 18. 

Five specimens were introduced, and all died. 
Braclt)'llltS sp. February I 2. Two of these beetles were in

troduced and were not noticed by the lizards, though offered re
peatedly. They run very swiftly, hiding at every opportunity, 
and the lizards are probably too slow in their movements to catch 

so quick a prey. 
Patrobus !ollg·icornis Say. The beetle was introduced February 

13, and remained until March 5, but no attempt was made to 

take it. 
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Diabrotica punctata Oliv. February I 3. These green-and
black beetles were probably too small for the lizards to perceive. 

Clzlamius orbus Horn. March 7. One of the lizards ran up 
to examine the beetle but when near turned aside, evidently dis
couraged because of the disagreeable odor, and did not try again 
to take it. 

Pasimaclzus depressus Fab. March I 7. The beetle was ex
amined and refused. 

Calosoma angulatus Chev. April 6. The beetle seemed never 
to have been noticed. 

ClzauJiognatlzus scutellaris Lee. May 4. The lizards seemed 
to pay no attention to the beetle although fifteen specimens were 
introduced. 

Cantliaris fulvipennis Lee. Two specimens of this black-and
yellow blister beetle were introduced May I 9. One was seized at 
once by one of the lizards, chewed a moment, then dropped quickly. 
The lizard began writhing and rubbing his mouth in the sand, 
appearing much distressed. The second beetle was not noticed 
by any of the lizards and was removed. On May 20 they eyed 
the beetle that was introduced, but made no attempt to take it. 
May 2 I, the specimen seemed not to be noticed. Others intro
duced May 26 gave the save negative result as the preceding 
experiment. 

HEMIPTERA. 

Bracliymena myops. December I, January 24. This pro-
tectively colored, malodorous form was not noticed by the 

lizards. 
Lygceid. May 5. Two specimens of this warningly colored 

bug were introduced, examined and refused. 
Fu!gorid sp. November 5, November 6. Several specimens 

were eaten with evident relish. The bug was never refused if 
alive, but never eaten if dead. 

H YMENOPTERA. 

Polzstes amzularis. Linn. November 4, refused. 
Camponotus sansabeanus Buckley. November 29 and Cam

ponotus f estinatus Buckley. April I 3. These ants were possibly 

too small to be noticed. 
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A I·L\CllNI DA. 

Lat!trodtcks madr111s. November I 7, November 29, Decem

ber 6 (two), December 18 (four), January 20 (two), February 2 

(two), March 9, .March II, March 17, March 25, March 30, 
April 6, April I 3 (four), April 20 (three), May I9 (two). These 
spiders arc of a jet black color conspicuously marked with 
crimson or sometimes white, thus exhibiting striking warning 
coloration. They are even said to be poisonous, yet they were 
al ways quickly seized and eaten by these lizards . 

. Alt11s m_11stacms. December IO, December 12 (two). The 
somber gray color of these spiders affords them good protection 
under the stones where they live. They were eaten eagerly. 

Lj1cosa sp. March 9, March 23 (two), March 25. This spider 
resembles very closely in color the under side of the stones where 
it is often found. It was eaten at once when introduced. 

SCORPIONS. 

Cr:ntrurus carolilliensis Beauv. January 20, March 17, l\Iarch 

23 (two), April I3 (three), April 20 (six), April 27 (five), May 4, 
May I8 (six), May 19 (two), May 25 (two). All these speci
mens were eaten with evident relish and no attention was paid to 
the sting. The hard integument of the lizard prevents the pene
tration of the sting. 

MYRIOPODA. 

Ju!us ( Spirobob1s) mu!tistriatus Walsh. The specimen was in
troduced November 18 and died January 7. It \Vas not noticed 
by the lizards, as was also the case with two specimens intro
duced February 12. 

EXPERIMENTS WITH (ROTAPHYTUS COLLARIS Say. 

Two of these lizards were captured November 9 and were not 

seen to eat a single insect until February r 2. Various kinds of 
insects were placed in the cage, and though the lizards were 

quite tame and lively they would not eat. On January 23 a dish 
of water was placed in the cage and they learned to drink from 
the dish and also from the pipette used for refilling it. The water 
furnished their only nourishment for three months. A third 
lizard was captured April 4 and though very fierce at first, 
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became quite tame in about a week, allowing me to rub its head 
and body with my hand. These lizards occupied the cage with 
Gerrlzonotus infernalis until December I when they were placed 
in a separate one. The experiments were as follows : 

LEPIDOPTERA. 

Meganostoma eurydice Boisd. December I 5, was not eaten. 
Papilio ( Lmrtias) plzi!mor Linn. March 26, March 30. These 

were not noticed and were afterward removed. The specimen 
introduced April 2 was found dead and apparently unharmed the 
following day. On April 7 the specimen introduced the previous 
day was gone, and on April 8 the lizard last caught was seen 
eating a butterfly. On April 2 I a specimen was introduced and 
only a part of the wings remained next day. However, the two 
specimens introduced on May 4 remained in the cage two days 
and were not eaten. 

CoNas eurytlieme Boisd. March 30. The specimen was not 
noticed by the lizards and was removed next day. The two 
that were introduced April I were gone the day following and of 
the two introduced April 2 one was entirely eaten and only the 
torn wings of the second remained. On May 8 one of the lizards 
seized the specimen just introduced by the edges of the folded 
wings and ate it slowly, often pausing to rest, but never releas
ing it. 

Anosia ple.xippus Linn. Introduced April 2. Next day the 
head and thorax were chewed up and one fore wing was missing. 
Others that were introduced afterward disappeared but were not 
seen when eaten. But on May 18 the butterfly was seized at 
once by one of the lizards and a second lizard bit off part of a 
wing. Between them they ate the specimen, but did not take 
the two introduced May 2 5. 

Pieris occidentalis Reakirt. April I 6, was eaten. 
Grapta interrogationis Fabr. The specimen introduced April 

27 was eaten, and those placed in the cage May 7 and May 9 
were gone the following mornings. Probably they were also 
eaten. 

Papilio cresplzontes Cramer. April 23. This butterfly did not 
seem to be noticed by the lizards. 
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Anosia bcrellice var. strigosa Bates. This butterfly has the 
same warning coloration scheme as Anosia ple.uppus. It had 
disappeared next day and was probably eaten. 

CoLEOPTERA. 

The following specimens were introduced, but none of them 
were eaten and were rarely ever noticed by the lizards, though 

offered repeatedly : 
Harpa/us caliginosus Fab. December 2. 

Bracltj11zus sp. February I 3 (three). 
Clz!amius orbus Horn. March 7, March 23, April 3. 
Micryxis distinctus Hald. March 7. This beetle was evidently 

too small for the lizards to perceive. They pay no attention to 
small insects, possibly because their eyes are not capable of per
ceiving them. 

Clzauliognathus scutellaris Lee. May 4 (eighteen), May 5 
(six). All refused. 

A notable exception to this custom of refusing beetles was seen 
when three black-and-yellow blister beetles, Cantliaris fulvipennis 
Lee., were introduced May 19. A lizard seized one of the beetles 
and ate it, then seized a second. One of the other lizards tried 

to take it from the former, but was unsuccessful, and the second 
beetle was eaten. The third was apparently not noticed by any 
of the lizards and was soon removed. Specimens were intro
duced May 20, May 2 I and :\fay 26: but did not seem to be 
noticed. 

Occasionally larv~ of beetles were introduced and eaten, but 
with the above exception these lizards do not appear to feed on 
imaginal Coleoptera. Cantlzaris probably does not appear in the 
natural habitat of the lizard, the latter being a mountain species, 
while the beetle is found in the fields on the Mexican poppy 
(Argcmone mexicana). 

0RTHOPTERA. 

Gr_y!lus abbrc'l/iatus. February I 2 three specimens were intro
duced, one of which was dead, and was at once seized and eaten 
by a lizard . This was the first food it had taken since its cap
ture, November 9 , and it is the only instance known of a lizard 
eating a dead insect. The two remaining crickets disappeared 
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later and were evidently eaten. On March 2 3 one of the lizards 
tried repeatedly to catch one of the five crickets introduced, but 
failed, and finally gave up the chase, even refusing the insect 
when it was held before him in the forceps. The lizard.s were 
seen to catch and eat crickets on the following days: April I 3 
(two); April 20, April 27 (two), and on several occasions spec
imens that were introduced in the evening had disappeared by 
the following morning. Indeed, crickets seem to form the prin
cipal food of these lizards. 

NEMOPTERA. 

Panorpa nuptialis Gerst. December I 2. This warningly-
colored insect was apparently not noticed and died soon after
ward. 

DIPTERA. 

Hermetia il!ucens Linn. 
a wasp somewhat closely. 

HEMIPTERA. 

December I 3. This form resembles 
It was not noticed by the lizards. 

L;1gceid sp. May 5. The lizards could not be induced to 
take the specimens. 

H YMENOPTERA. 

No experiments with Hymenoptera were made with these 
lizards. 

ARACHNIDA. 

Attus mystaceus. December I. This spider was not noticed 
though offered repeatedly. 

Latlzrodectes mactans. Specimens were introduced January 20 

(three), March 23 (two) but none were eaten. 
Other small spiders (names unknown) were introduced at dif

ferent times but were never eaten. 

MYRIOPODA. 

Scutigeraforceps. December 18. Specimen refused. 

SCORPIONS. 

Centrurus caro!iniensis Beauv. November I 5. The scorpion 
stung one of the lizards and it seemed to suffer so intensely and 
was so frightened whenever the former came near it that the ex
periment was never repeated. 
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Three other species of lizards were placed in the same cage 
with Crotapll)'tl!s col!aris, from which the following results were 

obtained: 
1. Cncmidop!torus se.:dincatus Linn. One specimen was caught 

December r and died January 7 during which time it was never 
seen to take any food. This was also the case with two small liz
ards of this species that were in the cage with Sce!oporus. They dis
appeared mysteriously and are supposed to have been devoured. 
The lizard is quite common, but difficult to catch, and it is re
gretted that more were not obtained for the experiments. 

2. Holbrookia texana Trosch. Two of these lizards were 
placed in the cage early in April and have never been seen to take 

any food. 
Eunuces sp. This small lizard was captured March I 2. On 

March 30 it tore up and ate the body of a butterfly, P£eris occiden
ta!is Reakirt. April 6 it caught, tore to pieces and ate a cricket 
larger in circumference than itself. April 8 it ate a large house 
fly and on April IO a number of small mantids, Stagmomantis 
caro!ina, recently hatched. The lizard was very alert, spying 
the mantids at a distance of several inches, though the latter 
were quite small and exactly the color of the sand on the .floor of 
the cage. On April 23 and ::\lay 8 other young mantids of the 
same size were eaten. 

P!wynosoma cornutum Harl. The "horned toads" were kept 
in cages with other lizards and also separately and were never 
seen to eat anything but ants. They are especially fond of the 
large agricultural ant, Pogo1tol7l)'rJJZex barbatus Smith var. mo!e
faciens Buckley. 

GENERAL SUMMARY. 

I. Only one instance is known of a lizard eating a dead insect. 
2. Insects that move slowly do not attract the attention of the 

lizards so much as do the more active forms, hence those that 
remain quiescent are rarely even attacked. 

3. Insects below a certain size are apparently not perceived by 
the large species of lizards. Examples of such insects are Dia
brotica punctata Oliv., MicrJ1xis distinctus Hald., and various ants 
( Camponotus). 
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4. Large beetles having hard elytra are seldom eaten. 
5. A butterfly with mutilated wings was not taken for an hour 

and a half although another perfect specimen introduced at the 

same time was eaten at once. 
6. If an insect (e.g., a beetle) falls upon its back the lizards 

rarely ever seize it until it has gotten upon its feet again. 
7. The myriopod julus was not eaten by any lizard. 
8. Although the combinations of black and yellow, black and 

orange, or black and red are supposed to serve the purpose of 
warning coloration, all insects possessing these colors were, at 
one time or another, eaten, with the possible exception of Pan
orpa nuptialis Gerst and a malodorous Lyga:id bug. 

9. Sceloporus floridam1s is perhaps the most satisfactory lizard 
for these experiments since it eats insects of all groups. 

1 o. Sceleporus seizes any part of the insect, but as a rule only 
the wings of the butterflies and large moths. 

1 1. All the lizards except Eumeces seize the insect with the 
mouth and swallow it a little at a time, never biting off pieces, 
but keeping the insect entire. Eumeces swallows its prey thus 
if small, but when the insect is large he shakes and pulls it to 
pieces with his mouth and eats the separate pieces. 

I 2. Saloporus is very active and is not easily tamed. 
I 3. Gerrhonotus is exceedingly slow in capturing its prey. It 

creeps up stealthily, pauses when quite near, examines the insect 
by protruding the tongue, rises as high as possible on the toes 
of the fore limbs and then seizes the insect by the back with a 
sudden spring. If the insect does not move it is frequently left 
unmolested. This lizard soon becomes quite tame but does not 
enjoy being handled. It was seen to drink water from the dish 
by lapping with the tongue, but usually preferred taking it from 
the pipette, allowing me to place a drop at a time on its out
stretched tongue. 

14. Eumeces sometimes drinks by lapping with the tongue, 
sometimes by sucking up the water. Sceloporus, Crotapl01tus 
and Plzrynosoma drink by sucking the water into the mouth. At 
first Sce!oporus and Crotaphytus would drink only from the 
pipette, but were gradually induced to follow that to the dish 
and drink from the latter. 
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1 5. Plu~J11zoso111a cornutum, though apparently quite tame, 
seems at first rather shy about eating in confinement. Ants, 
especially the agricultural ants (Pogonomymzcx), are its only 
known food. 

16. CrotaplzJ 1tus is not accurate in seizing its prey. It often 
fails repeatedly and gives up the attempt. 

17. The larger lizards were several times suspected of having 
eaten smaller specimens that had been placed in the same cage. 

18. Crotapll)'tus soon becomes quite tame and enjoys being 
petted. The smaller ones crawled upon my hand in the cage 
and refused to be put down. 

I 9. The largest Crotaplzytus shed its skin during the night of 
May 6. Next morning the sand in the cage was very much 
dug out and heaped up, but no traces of the skin could be found. 

20. A Gerrlzonotus shed during the night of April 29. The 
old skin was turned wrong side out and probably came off nearly 
whole, though several parts were broken when it was found next 
morning. A second lizard shed May 22 and I watched it pull 
the old skin off wrong side out by creeping round and round 
the cage close to the sides. The skin was loosened first from 
the upper and lower jaws along the sides of the mouth, and be
gan to peel off backward by the lizard's rubbing its head against 
the sand on the bottom of the cage. 
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SUPPLEMENTARY NOTES ON SPIDERS OF THE GENERA LYCOSA, PARDOSA, 
PIRATA AND DOLOMEDES FROM THE NORTHEASTERN UNITED STATES.1 

BY THOMAS H. MONTGOMERY, JR. 

The present is practically a supplement to a former paper by me, 
entitled "Descriptions of Lycosidm and Oxyopidm of Philadelphia and 
Its Vicinity," published in these Proceedings in 1902. I have made 
further collections of specimens from Philadelphia and West Chester, 
Pennsylvania, the localities I had studied before, and also collections 
from Crosswicks, Burlington county, New Jersey, and Wood's Hole, 
Massachusetts. One new species is described, and descriptions of and 
notes upon various others are given. 

For the comparison of the different species of Lycosidm the char
acters of color and dimensions are of little worth, even the ocular 
arrangements are subject to variation in some forms, so that the best 
characters are afforded by the structure of the copulatory apparatus in 
both sexes, by the form and proportion of the cephalothorax, the rela
tive length of the chelicera, and the relative length of the legs to the 
length of the cephalothorax. 

The genera are defined as in my preceding paper; it is my purpose 
later to revise the genera of this family, for the present characteriza
tion of them appears to be artificial, and there must ultimately be a 
classification upon a different set of characters. 

It is noteworthy that the specimens from Wood's Hole average 
considerably smaller than those of the same species from the other local
ities, so that there the maritime environment would appear to retard 
or check growth. 

1. Lycosa ocreata pulchra Montg. 

Some specimens were secured at Wood's Hole. 

2. Lycosa sepulchralis Montg. 

The original description of this species was based upon a single Q 
from Philadelphia; since then another Q has been secured at West 
Chester, and also a Cf from Philadelphia. The Cf differs from the Q 
in form in that the cephalothorax is relatively much broader across the 

i Contributions from the Zoological Laboratory of the University of Texas, 
No. 53. 
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middle, so that in front it is barely one-half its greatest transverse 
diameter. The dimensions of this O' are: 

Length of cephalothorax, 
Length of abdomen, 
I .cngth of first leg, . 
I ,rngth of second leg, 
Lc'ngth of third leg, : 
I ,cngth of fourth leg, 

4 mm. 
3.5 " 

13.3 " 
11.5 " 
10.8 " 
16 ,, 

In color the pattern of the cephalothorax and the color of the sternum 
and inferior surface of the coxre is as in the ~ ; the abdomen has a more 
distinct dorsal pattern, and the deep black of the venter (containing 
minute yello\\- spots) extends further up the sides than in the ~ . 
But the main color differences in the O' are in the legs: the coxre of 
all the pairs are black; all the other joints of the three posterior pairs 
are clear yrllow with an indistinct darker annulus on each patella; in 
the first pair the femora are clear yellow, the patellre the same color 
\Yith a dark ring, the tibire and proximal portions of the tarsi deep 
black, the remaining portion of the tarsi and the metatarsi (except 
a black ring at their distal ends) pale yellow. The palpi have the 
femora and proximal halves of the tarsus black, the other parts yellow. 

This O' differs from the O' of l.1ycosa (Tarentula) modesta. (Keys.) in 
its smaller size, differences in the ocular arrangement, and in the 
coloration of the legs and sternum. 

3. Lycosa charonoides Montg. 

A male of this species, hitherto known only by the ~, was secured 
from the same locality (Philadelphia), and its description follmvs: 

There are differences from the ~ in the ocular arrangement; the eyes 
of the second row are less than their diameter apart, and the dorsal 
eye area not more than one-sixth the length of the cephalothorax. 
The dimensions (taken in life) arc : 

Length of cephalothorax, 
Length of abdomen , 
Length of first leg, . 
Length of second leg, 
Length of third leg, . 
Length of fourth leg, 

4.3mm. 
4.2 " 

12 " 
11 " 
10.5 " 
15 " 

Colors 'in Life.-Cephalothorax marked with black and brown, as 
follows: a median brmvn band, as broad anteriorly as the eye area 
and extending back almost to the edge of the thorax; sides with radi
ating brown markings, and a marginal and submarginal brown band 

' both interrupted; all the> hrm:vn color is clue to the presence of hairs, and 
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the black (most conspicuous as a band on each side of the median one) 
to their absence. The sternum is glistening black, with few hairs. 
The abdomen above blackish with an obscure narrow median brown 
band, and on each side a row of 6-7 small whitish circular spots, the 
largest of them most anterior, and the posterior ones transversely 
connected by lines of brown; the sides are gray, streaked above with 
blackish; the venter brownish-gray, with rows of small black dots 
converging from the lung-books to the spinnerets, the region of the 
genital aperture black, the lung-books yellow, the spinnerets blackish. 
Chelicera and labrum black (the latter yellow at its distal end), maxillCE 
reddish-brown. Legs reddish-brown; femora of the first pair and fem
ora and tibire of the other pairs quite distinctly ringed with black and 
buff. Palpi colored like the first pair of legs, but the tarsal joint 
black. 

The <3' is thus very similar to the 9 , but differs in the ocular 
arrangement and in the coloration of the legs. 

A good distinction from the allied L. sep1ilchralis l\fontg., in addition 
to the differences of the genital organs, is the following: in charonoides 
the dorsal contour of the thorax is straight, and the labium less than 
half as long as the maxillre; in sepulchralis the dorsal outline of the 
thorax is arched (the eye area being somewhat depressed), and the 
labium fully half as long as the maxillre. 

4. Lycosa stonei Montg. 

This species is very abundant at Crosswicks, New Jersey. 

ti. Lycosa verisimilis Montg, 

Specimens were secured at Crosswicks, New Jersey. 

6. Lycosa arenicola Scudd. 

Specimens were secured at Wood's Hole. 

7. Lycosa scutulata Hentz. 

Specimens from Wood's Hole. 

8. Lycosa cinerea (Fabr.). 

An adult 9 from Wood's Hole has a cephalothoracal length of only 
5 mm. Numerous specimens from Cold Spring Ha.rbor, Long Island, 
New York, kindly sent by Miss Annie B. Sargent, are all very lightly 
colored, with the abdominal markings very indistinct. 

9. Lycosa nidioola Emert. 

Additional specimens were collected at Crosswicks and Wood's Hole. 
This is a very variable species in size and color. The dimensions of 
mature 9 9 in my collection are as follows: 
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Three specimens from Wood's Hole, cephalothorax 6.5-7.5 mm. 
Nine specimens from Crosswicks, cephalothorax 7.8-10.5 mm. 
Twelve specimens from West Chester, cephalothorax 8-9 mm. 
One specimen from Philadelphia, cephalothorax 8.2 mm. 

A large female in the McCook co1lection (described in my preceding 
paper) had a cephalothoracal length of 9.2 mm. 

The color of the under surface of the abdomen in the females Yaries 
from a pale yellowish-brown with a few small scattered black spots 
to darker with spots much more numerous, and sometimes arranged into 
three bands converging toward the spinnerets, to blackish. All these 
variations are found in the same locality. The sternum varies from 
brown to black, sometimes with a distinct light median band or an
terior half (all specimens from Wood's Hole and one from West Ches
ter), or without such a band. In the largest female from Crosswicks 
the annulations on the legs and the converging dark bands on the 
venter are as distinct as in L. inhonesta (Keys.). 

The males also differ considerably in size, as shown by two recently 
acquired mature specimens from Philadelphia: 

Length of cephalothorax, 
Length of abdomen, . 
Length of first leg, . 
Length of second leg, . 
Length of third leg, . 
Length of fourth leg, . 

4.3 mm.- 6.6 rnm. 
4 "-5" 

16 " -24 " 
16.2 " -22 " 
15.5 " -20 " 
21 " -27 " 

The color in life of these two males is as follows: Cephalothorax 
blackish, a narrow huff-brown median line extending from the fore
head to the end of the thorax, barely as wide as the space between the 
eyes of the second row, in one specimen to each side of the anterior 
end of this stripe a narrower parallel stripe; an interrupted broader, 
marginal band of the same color, and composed of long hairs. Sternum 
pale greenish, covered with long hairs. Abdomen above anteriorly 
with a blackish median mark largest just before its termination at 
the middle of the dorsum, bordered by buff-brown broad stripes, and 
each of the latter by a blackish stripe \vhich extends to the spinnerets; 
posterior portion of the dorsum blackish, with indistinct huff-brown 
spots, in one specimen with a pair of white spots; sides pale yellowish; 
venter pale yellowish, in one specimen with black spots. Legs pale 
yellowish-brown, metatarsus of the first pair blackish, distal encl of 
the tarsi of the other pairs blackish. Palpi colored like legs, but the 
tarsi blackish on the inferior aspect. Chelfrera ycllmvish-brown, 
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covered anteriorly with whitish hairs. Labium and maxillce pale 
yellowish-brown. 

This species differs from L. inhonesta (Keys.) in the greater relative 
length of the dorsal eye area, and in the smaller relative length of the 
chelicera. 

10. Lyoosa lepida (Keys.). 

Numerous additional specimens from Wood's Hole and Crosswicks. 
Those from Wood's Hole are much smaller than from the other locali
ties; in the males the cephalothorax varies from 3.2-4 mm., and in 
the females from 3.5-5 mm. 

11. Lyoosa frondioola Emert. 

A specimen from Wood's Hole. 

12. Lyoosa puroelli Montg. 

Specimens from Crosswicks. 

13. Lyoosa oontestata, n. sp. 

One mature 9 (type), bearing a cocoon, from Wood's Hole, and three 
immature specimens of probably this species from the same locality. 

Eyes.-First row almost as broad as the second (the middle points of 
its lateral eyes more lateral than the middle points of the eyes of the 
second row), its middle eyes larger and slightly higher. Eyes of the 
second row largest, more than their diameter apart. Eyes of the third 
row much nearer to the second row than to each other. Dorsal eye 
area more than one-fifth the length of the cephalothorax. 

Form.-Cephalothorax highest just back of the posterior eyes, in 
front slightly broader than one-half its greatest transverse diameter. 
Head sloping and rounded on the sides. The length of the chelicera 
is about twice the height of the head in front. Sternum longer than 
broad. Labium almost one-half the length of the maxillm. Legs 
stout. Epigynum very small. As seen from above the anterior edge 
of the cephalothorax appears quite straight. 

Length of cephalothorax, 
Length of abdomen, 
Length of first leg, . 
Length of second leg, 
Length of third leg~ 
Length of fourth leg, 

Dimensions. 
5.2mm. 
5 " 

15 " 
14.2 " 

.13 " 

.19 " 

Color in alcohol.-Cephalothorax above with a black stripe joining 
and surrounding the eyes of the second and third rows of each side, the 
sides of the head and forehead buff; a buff median band as broad as 
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the eye area extends from the eyes to about the middle of the thorax, 
where it is laterally indented , and from the region of the dorsal groove 
backward becomes gradually narrower; on each side is a narrower, 
submarginal buff-brown; the rest of the thorax is darker brown, with 
radiating lines from the dorsal groove. Sternum buff, a little darker 
than the cox::e. Abdomen above much darker than the cephalothorax .. 
mainly chocolate-brown with black markings; at each antero-lateral 
margin a black patch, a pair of white dots connected by a transverse 
black line on the anterior dorsum, several pairs of black spots (the 
most posterior of them connected by transverse black lines) on the 
posterior dorsum as well as 2 or 3 pairs of white spots, and irregular 
black streaks on the sides; the venter is yellowish in the epigynal 
region, behind this light brown with a narrow dark brown from the 
epigynum almost to the spinnerets and ·with numerous small black 
spots. Chelicera reddish-brown with long black hairs; labium and 
maxillce like the sternum. Legs pale buff, lighter beneath, ·with darker 
annulations on the superior surfaces of all the joints. Spinnerets 
chocola te-bro\\·n. 

Comparisons.-This form approaches most closely L. pratensis 
Emerton, but differs notably in the structure of the epigynum, and 
also in the coloration of the abdomen. 

14. Lycosa (Trochosa) avara (Keys.). 

One mature ¥' from Philadelphia. 
Eyes.-First row almost straight: narrower than the second row 

(the middle points of its lateral eyes are more lateral than the middle 
points of the eyes of the second row), nearer to the second row than 
to the margin of the forehead, its middle eyes slightly larger and a 
little higher than its lateral eyes. Eyes of the second row largest, not 
quite their diameters apart. Third row widest, its eyes nearer to the 
second row than to each other. Dorsal eye area about one-sixth the 
length of the cephalothorax. 

Form.-Cephalothorax highest at the dorsal groove, in front fully 
one-half its greatest transverse diameter; head rather low and its sides 
moderately sloping. Sternum longer than broad. Labium less than 
one-half the length of the maxill::e. Chelicera strong, their length fully 
double the height of the head in front. Legs stout. 

Length of cephalothorax, 
Length of abdomen, 
Length of first leg, . 
Length of second leg, 

Dimensions. 

5 mm. 
6 " 

12 " 
10.5 " 
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Length of third leg . 
Length of fourth leg, 

Dimensions. 

651 

10.5 mm. 
15.5 " 

Color in alcohol.-Cephalothorax above with a clear reddish-yellow 
median band extending from the second eye row to the posterior edge 
of the thorax; this band is broadest close behind the posterior eyes 1 

there fully as broad as the eye area and enclosing on each side an 
dongate darker mark and a dark line between the posterior eyes, it is 
notched at the middle of the thorax and becomes narrower behind this 
point; a narrow line of the same color borders the eye area laterally 
and anteriorly; to each side of the median band the thorax is darker 
brown with a rather indistinct submarginal, yellowish band, and with 
blackish stripes radiating from the dorsal groove. Sterniim pale 
yellowish-brown, like the inferior surfaces of the cox::e. Abdomen 
above dull brownish obscurely mottled with yellowish, the brown form
ing an indistinct median and a pair of lateral bands on the anterior 
half; sides and venter clear yellowish-brown, with small brown spots 
most numerous near the spinnerets; the latter deep reddish-brown. 
Chelicera deep rufous-red, maxillm a little paler, labium nearly black 
with a lighter tip. Legs reddish-yellow, about the color of the median 
cephalothoracal band, ringed with darker brown on the femora and 
patell::e, more distinctly above than below, and with more obscure 
annulation on the tibire. Palpi colored like the legs. 

Comparisons.-This specimen agrees very closely with Keyserling's 
description. It has certain resemblances to L. niqraurata l\fontg. (of 
which only the O' is known), but is smaller and with a different colora
tion, particularly of the thorax and the venter. It also resembles L. 
rufiventris Banks, especially in the form of the epigynum, but rufi
ventris is slightly larger and has the "abdomen above and below recl
brown like the sternum." 

15. Lycosa pratensis Emert. 

Two females from Wood's Hole. 
Eyes.-First row as wide as the second, its middle eyes larger than 

its lateral. Eyes of second row largest, their diameter apart. Eyes 
of the third row nearer to the second row than to each other. Dorsal 
eye area about one-sixth the length of the ccphalothorax. 

Form.-Cephalothorax highest just in front of the dorsal groove, 
in front more than one-half its greatest transverse diameter. Length 
of the chelicera about one and a half times the height of the head in 
front. Sternum longer than broad. Legs stout. 
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I ,ength of cephalothorax, 
Length of abdomen, 
Length of first leg, . 
Length of second leg, 
Length of third leg, . 
Length of fourth leg, 

Dimensions. 

[Oct., 

4.4 mm. 
4 " 

10 " 
9 " 
8.8 " 

12 " 

Color in alcohol.-Cephalothorax above reddish-brown, a broad, 
median yellow band surrounds the eye area and extends backward (en
closing a pair of brown lines) to just in front of the median groove 
where it is constricted, and narrows from this point back to the margin 
of the cephalothorax; on each side an interrupted, submarginal yellow 
band. Sternum reddish-brown, a little darker than the coxre. Abdo
men above dark olive-brown, on its anterior half a light median band 
edged by black lines and ending in a point at the middle of the dorsum, 
and on each side along the whole length of the abdomen a row of yel
lowish dots; venter reddish-brown, sides and region just in front of 
spinnerets dark olive-brown. Chelicera dark chestnut-brown, labium 
the same, maxillce like the sternum. Legs yellowish, indistinctly 
ringed on femora, patellre and tibire with bro-wn, tarsi and metatarsi 
darker. 

16. Pardosa nigropalpis Emert. 

Additional specimens from Crosswicks and Wood's Hole. 
17. Pardosa scita Montg. 

Specimens from West Chester. 
18. Pardosa lapidicina Emert. 

Specimens from Wood's Hole. 
Eyes.-First row shorter than the second, almost straight, its eyes 

subequal. Eyes of second row largest, about twice their diameter 
apart. Third row widest, its eyes nearer to the second row than to 
each other. Dorsal eye area one-quarter the length of the cephalo
thorax; in the O' this area has a shorter proportionate length. 

Form.-Cephalothorax relatively broad and fiat, highest in the eye 
region, in front about one-half its greatest transverse diameter. Length 
of the chelicera about one and a half times the height of the head in 
front. Sternum longer than broad. Legs long and slender. Pos
terior spinnerets decidedly longer than the anterior. 

Length of cephalothorax, 
Length of abdomen, 

Dimensions. 
O' 

:3.4 mm. 
3.5 " 

~ 
3.5mm. 
6 " 
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Length of first leg, . 
Length of second leg, 
Length of third leg, . 
Length of fourth leg, 

Dimensions. e 
12 mm. 
12 " 
12 " 
15.5 " 

653 

Q 
12.5 mm. 
12 " 
12.5 " 
17 .5 " 

Color in alcohol, ~ Q .-Cephalothorax above blackish, black in eye 
region; an indistinct, irregularly bounded, broad median lighter area, 
and irregular markings of the same color composing an indistinct 
submarginal band. Sternitm black. Abdomen above deep olive-gray, 
on the anterior half with a more or less distinct narrow median band 
of yellowish bordered on each side by a black line, and on the posterior 
half either a row of transverse yellowish bands each enclosing a pair 
of black spots, or else on each side a row of yellowish spots; sides finely 
mottled with olive-gray and yellowish; venter yellowish-brown, bor
dered laterally and just anterior to spinnerets by dark olive-gray. 
Chelicera clear reddish-brown, maxillm olive-brown. labi1lm black 
proximally and yellow distally. Legs annulated above with blackish 
and yellowish on all the joints except the metatarsi, and with a longi
tudinal yellowish stripe on the posterior aspect of each femur; on their 
lower surfaces the coxre and femora arc greenish or oliYe-gray, each 
coxa with a proximal light spot, the other joints more yellowish. 

Color in alcohol, Cf .-Like the Q, but with the superior surfaces of the 
thorax and abdomen nearly black and their color patterns barely dis
tinguishable. 

19. Pardosa pallida Emert. 

One Q from Wood's Hole. 
Eyes.-First row much shorter than the second, straight, its eyes 

equal in size. Eyes of the second row largest, fully one and a half 
times their diameter apart. Eyes of the third row nearly as far from 
the second row as from each other. 

Form.-Cephalothorax highest at the posterior eyes, in front less than 
one-half its greatest transverse diameter. Length of the chelicera less 
than the height of the head in front. Sternum longer than broad. 
Labium less than one-half the length of the maxillre. Legs long and 
slender. Posterior spinnerets double the length of the anterior. 

Length of ccphalothorax, 
Length of abdomen, 
I ,ength of first leg, . 
I ,cngth of second leg, 
J,ength of third leg, . 
Length of fourth leg. 

Dimensions. 
2.8mm. 
2.5 " 
8.2 " 
7.8 " 
8 " 

12.3 " 



654 PROCEEDINGS OF THE ACADEMY OF [Oct. , 

Color in alcohol.-Cephalothorox ahm·c yellO\v, a broad brown stripe 
from each posterior eye backward to the end of the thorax, a narrow 
blackish line on each side near the margin, extreme margin black; black 
around the posterior eyes and between the middle eyes, forehead yellm\·, 
long white hairs above the first eye row. Sternum pale yellow about the 
color of the coxre, \Yith black spots on the lateral margins. Abdomen 
above with a pale orange, broad median band extending its entire 
length, in the anterior half of this band a somewhat darker band bor
dered on each side by small black spots; sides grayish with short 
black streaks; venter with a black line from each lung-book to the 
spinnerets, the space enclosed by these lines silvery-gray. Spinnerets 
yellowish. Chelicera and maxillw of the same yellowish color as the 
cephalothorax, labium blackish. All the legs greenish-yellow below, 
the two posterior pairs darker; coxm and trochanters above each with 
2 or 3 black spots , and femora abow each with a short black stripe on 
the proximal portion. I'edipalpi yellm\·ish, unspotted. 
20. Pirata humicolus :\Iontg, 

Numerous specimens from Crosswicks. 
21. Pirata liber Montg, 

Specimens from West Chester, Crosswicks and Wood's Hole. Those 
from Wood's Hole compose a geographical race characterized by 
smaller size (largest¥ with a cephalothoracal length of only 2.6 mm.)~ 
and by the proportionately greater extent of the dorsal eye area, which 
is somewhat less than one-quarter the length of the cephalothorax. 
22. Dolomedes urinator Hentz. 

Specimens from Crosswicks. 
23. Dolomedes idoneus Montg. 

Specimens from Crosswicks. 
24. Dolomedes sexpunctatus Hentz. 

One mature<:;? from Wood's Hole. 
Eyes.-The first row about the diameter of its eyes from the second 

and fully four times their diameter from the anterior edge of the head. 
broader than the second row, its lateral eyes slightly higher than the 
middle. Eyes of the second row barely their diameter apart, slightly 
.-;maller than those of the third row. Third row broadest, its eyes on 
eminences, this row about the diameter of one of its eyes behind the 
second row. Dorsal eye area less than one-fifth the length of the cepha
lothorax . 

. Fo~m.-Cephalothorax distinctly longer than broad, highest behind 
its m1<lclle. Length of the chelicera about one and a third times the 
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height of the head in front. Sternum as broad as long, heart-shaped. 
Legs stout. Labium less than one-half the length of the maxillre. 

Length of cephalothorax, 
Length of abdomen, 
Length of first leg, . 
Length of second leg, 
Length of third leg, . 
Length of fourth leg, 

Dimensions. 
6.5mm. 
6.5 " 

21.2 " 
21.2 " 
20 " 
25 " 

Color in alcohol.-Cephalothorax above greenish-brO\rn, on each side 
a bright white band extending from the cheek to the posterior end of 
the thorax; a thin, interrupted black marginal line; a very narrow 
pale yellow median band from the plane of the posterior eyes back
ward, and just behind each posterior eye a short line of the same 
color; near the middle of the dorsum, touching the median band, a 
pair of small brown spots. Sternum yellow, on each side three 
distinct black spots. Abdomen above a chocolate-brO\rn, on its an
terior third a lighter band; five pairs of black spots, which successively 
decrease in size backward, on the dorsum, the centre of each of which 
is a minute white spot; on the sides a broad band of gray hairs; sides 
of venter brown, the area between the lung-books and the spinnerets 
yellowish. Legs yellowish-green above, tarsi and metatarsi darker; 
below the femora pale sea-green, and the coxre pale yellow like the 
sternum; no dark annulations. Chelicera reddish-brown, labium and 
maxillm dark chocolate-brown. 

EXPLANATIOX OF PLATE. 

AJ.l the figures represent camera drawings of the copulatory apparatus . 

Fig. 1.-Lycosa sepulchralis, d' pedipalp. 
Fig. 2.-Lycosa avara, epigynum. 
Fig. 3.-Pardosa pall?:da, epigynum. 
Fig. 4.-Lycosa contestata, epigynum. 
Fig. 5.-Dolomedes sexpunctatus, epigynum. 
Fig. 6.-Pardosa lapidicina, epigynum. 
Fig. 7.-Lycosa charonoides, O' pedipalp. 
Fig. 8.--Lycosa pratensis, epigynum. 
Fig. 9.-Pardosa lapidicina, O' pedipalp. 
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[Reprinted from BIOLOGICAL BULLETIN, Vol. VI., No. 3, February, 1904. J 

SOME OBSERVATIONS AND CONSIDERATIONS 
UPON THE MATURATION PHENOMENA 

OF THE GERM CELLS. 1 

THOS. H. MONTGOMERY, JR. 

In a series of studies on the spermatogenesis of the Hemiptera,2 

of Peripatus 3 and of the Amphibia, 4 I have endeavored to prove 
the following points : 

r. That the chromosomes retain their individuality from gen
eration to generation to that extent that a chromosome of one 
generation is not a new formation, however much its chemical 
substance has became changed by metabolism, but represents at 
least a part of a particular chromosome of the preceding genera
tion. 

2. That the first maturation mitosis in the species studied re
sults in the separation from each other of entire univalent chromo
somes, and hence is a transverse or reduction division; while the 
second maturation mitosis results in the longitudinal splitting of 
univalent chromosomes, and therefore is an equational division. 

3. That the so-called "reduction in number" of the chromo
somes is effected before the maturation divisions, by a pairing 
(conjugation) in the early growth period (syn apsis stage) of the 
spermatocytes, of univalent chromosomes of like volume, each 
such composite chromosome then being bivalent with relation to 
the number in the spermatogonia. 

4. That this conjugation of univalent chromosomes in the 
synapsis stage, is a conjugation of paternal with maternal chromo-

1 Contributions from the Zoological Laboratory of the University of Texas, No. 54. 
2 "The Spermatogenesis in Pentatoma up to the Formation of the Spermatid," 

Zoolog. Jahrb., 12, 1898; "Chwmatin Reduction in the Hemiptera: a Correction," 
Zoolog. Anz., 22, 1899; "A Study of the Chromosomes of the Germ Cells of Meta
zoa," Trans. Amer. Phil. Soc., 20, 1901; "Further Studies on the Chromosomes 
of the Hemiptera heteroptera," Proc. Acad. Nat. Sci., Philadelphia, 1901. 

a" The Spermatogenesis of Peripatus (Peripatopsis) balfouri up to the Formation 
of the Spermatid," Zoolog. Jahrb., 14, 1900. 

-1 "The Heterotypic Maturation Mitosis in Amphibia and its General Significance," 

BIOL. BULL., 4, 1903. 
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somes ; and hence that the first maturation mitosis separates 
paternal from maternal chromosomes. 

The third and fourth of these conclusions were new; the 
second has been a matter of much controversy, while the first 
has a considerable number of cytologists in its support. If 
these results can be generally established they will give a co
herent basis for understanding the part played by the chromo
somes in heredity, taken in conjunction with the important con
clusion of Van Beneden 1 that the male pronucleus has a number 
of chromosomes equal to that in the female pronucleus; and of 
Henking 2 and 0. Hertwig 3 that the maturation phenomena cor
respond very closely in the ovogenesis and spermatogenesis of 
the same species. 

It is not my purpose here to go over the \Vhole controversy 
and discuss in full the opposing views, for that has been done in 
my preceding papers, but rather to draw attention to a few of 
the more important results, and to add some new observations. 

I. THE FIRST MATURATIO::\ MITOSIS IN A'.\IPHIBIA. 

Janssens and Dumez 4 have very recently reexamined the 
spermatogenesis of Amphibia, particularly with regard to my 
results on P!dlzodon and Desmognatlzus, and decide that my 
position is both untenable and unproved : that the heterotypic 
mitosis is an equational division, and not a separation of entire 
univalent chromosomes as I had maintained. They state (p. 
43 3) : " On est tout etonne de ne trouver dans le texte de Thos. 
H. Montgomery aucun argument pour cette these." They do 
not mention my strongest argument at all, namely that the space 
enclosed by the heterotypic chromosome is a space separating 
two whole univalent chromosomes, and not a longitudinal split 
between two halves of a single chromosome, because this space 
is largest in the earliest stages, and not, as one would expect if it 

1 " Recherches sur la maturation de l'oeuf et la fecondation," Arch. Biol., 5, 
1883. 

2 " Ueber Sperma togenesis und deren Beziehungen zur Eientwicklung bei Pyrrho
coris apterus M.," Zeit. wiss. Zoo!., 51, 1890. 

3 " Vergleich der Ei- und Samenbildung bei Nematoden," Arch. mikr. Anat., 
36, 1890. 

4 " L ' Element nucleinien pendant Jes cineses de maturation des spermatocytes 
chez Batrachoseps attenuatus et Pletodon cinereus,'' La Cellule, 20, 1903. 
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were a longitudinal split, smallest at those periods. In other 
words, I showed that at the earliest stage when the chromosomes 
can be distinguished, this space is largest, while the true longi
tudinal split is found in the axis of each arm of a heterotypic 
chromosome. They add: "L'auteur continue et, sans en donner 
la mo£ndre preuve cette fois, que !es deux branches de !' anse s' en
roulent l'une autour de !'autre pour constituer les dyades enrou
lees, qui, d'apres tous les auteurs, se trouvent clans les spermato
cytes I avant la mise au fuseau des chromosomes." It is only 
necessary to rejoin that the comparison of the chromosomes as 
shown in my consecutive figures is sufficient proof. But when 
they say that my figures "sont fort schematisees," I simply an
swer that is not true, and that all were made with great care with 
the use of a camera lucida. 

J anssens and Dumez do, however, bring up one good criticism. 
They note quite correctly that in the spermatogonia the chromo
somes are of unequal lengths, while the two halves of a bivalent 
heterotypic chromosome are always of equal length. And they 
reason that if my view were correct that one of the heterotypic 
chromosomes is formed by the pairing of two univalent chromo
somes, that I would have to demonstrate how two such con
jugating chromosomes are always of the same length. For they 
argue that if the heterotypic chromosome were formed by a lon
gitudinal splitting, such a splitting would fully explain the length 
equality of the two arms of the chromosome. 

This is a good criticism, but I find it answered by a study of 
the relative volumes of the chromosomes in the equatorial plate 
stage of the spermatogonia. In every case where the pole view 
shows all the chromosomes lying in one plane, we can determine 
by carefully drawing them that there are just I 2 pairs of chro
mosomes present, the two of each pair being of equal volume and 
frequently of similar form. One will find many cases where 
the pole view of a chromosome plate does not show this dis
tinctly, but that is only when the chromosomes are irregularly 
arranged, and when their long axes do not lie in the plane of 

the equator. 
A series of figures demonstrate this. Fig. I is the only case 

where all 24 chromosomes were seen in their entirety on pole 
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view; in Figs. 2-5 only such chromosomes were drawn as could 
be sent in their whole length ; and in none of the figures were 
any chromosomes omitted that could be seen in their entirety. 
Two chromosomes of a corresponding volume are marked with 
the same letter, one in capitals and other in lower case, as, e. g., 
A and a. All these cases were drawn, after numerous prelimi
nary sketches, as accurately as possible with the camera lucida, 
and then those which seemed to correspond \vere lettered alike. 
Thus in Fig. I, the large chromosomes A and a are alike, but 
differ in volume from all others; B and b are markedly alike, 
C and c, and all appear clearly paired. Sometimes, as in the case 
of G, g, H, lz, the two of a pair appear dissimilar in the drawings, 
but this is simply because the curvature of one lies in a different 
plane from that of the other. Thus in Fig. 3 are shown also 
all 24 chromosomes, but the two marked x and J' were seen so 
obliquely that it could not be determined whether they were 
alike. Fig. 6 shows a lateral view of a spermatogonic spindle, 
showing also a similar pairing of some of the chromosomes; and 
Fig. 7 shows the same phenomenon in an oblique pole view of a 
portion of one plate of daughter chromosomes of an early sper
matogonic anaphase. 

An examination of these Figs. 1-7, shows that the chromo
somes are paired according to their volumes, that the two of a 
pair are very frequently of the same form; and that in most 
of the cases the two of a pair lie in the spindle close together. 
The only interpretation for this last condition is that correspond
ing chromosomes must have been arranged close together in the 
continuous chromatin spirem of the prophase, so that in the 
spirem A would be next to a, B to b, and so on. But · on a 
study of nuclei in the late prophase (loose spirem) stage, I was 
not able to determine this positively, for until the chromosomes 
have shortened to their definitive forms, they are so irregular 
and twisted that it is practically impossible to determine their 
exact lengths on sections; probably crush preparations (such as 
those employed by Sutton) could be used with advantage here. 
At least there is no doubt of a continuous linin spirem in the 
spermatogonic prophase and of the arrangement of the chromo
somes in a chain along this thread. And it is probable that 
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similar chromosomes are contiguous in this spirem, since in the 
metakinesis like chromosomes usually lie near each other; and, 

as Fig. 7 shows, they retain their contiguity even in the daughter 
cells. 

Therefore we find, what Janssens and Dumez insisted that I 
should demonstrate, twelve pairs of chromosomes of the same 
length in the equatorial plate of the spermatogonia. 

Now for the proof that such chromosomes unite into pairs in 
the spermatocytes, an explanation which, according to the Belgian 
cytologists, "est absolument fantastique et demanderait a etre 
rigoureusement demontree." On none of my preparations \Vere 
there stages between the early anaphase of the last spermatogonic 
mitosis and the synapsis ~tage of the growth period. In. the 
syn apsis stage in Des111ogJZatlws the long and slender chromosomes 
are so intricately coiled together that it is impossible in sections 
to determine their exact relations. The cell has a distinct 
polarity, the nucleus at one end, at the opposite the greatest mass 
of cytoplasm containing the idiozome body. When the chromo
somes begin to separate sufficiently for their boundaries to be 
distinguished, each appears as a loop or U with its ends at that 
part of the nucleus nearest the idiozome body. This is shown in 
Fig. 8, where only five of the loops are drawn in their entirety. 
On a transverse section of such a stage (Fig. 9) one finds 24 
cross-cut portions of loop ; every two of these portions corre
spond to the two arms of one of the U-shaped loop of Fig. 8. 
Therefore there are U-shaped chromosomes, with a particular 
arrangement, to the number of 12 ; hence they must be bivalent 
with regard to the 24 chromosomes of the spermatogonia. ..\t this 
early stage (Fig. 8) there is no sign that the space enclosed by 
such a loop has arisen by a longitudinal splitting of a chromosome, 
for in fact the characteristic shape of the loops is the same now 
as at later stages (Figs. 1 o, I I). Now this was the main basis 
of my argument before - an argument that Janssens and Dumez 
ignore: that if this were a longitudinal split, we should find its 

commencement in such an early stage. 
The true longitudinal split commences i1:i. the stage of Fig. 

8, is very prominent in that of Figs. 9, Io; this is a clear split
ting of each chromatin granule of the arms of each bivalent 
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chromosome, but the width of this split never becomes wider 
than that shown in Fig. I I. Janssens and Dumez, as all the 
workers on amphibian spermatogenesis before them, have entirely 
overlooked this split of each arm of a bivalent chromosome. 
With material stained in iron ha::matoxyline, and sufficiently 
destained, this split, though narrow, is perfectly distinct. 

There is a point brought up by Janssens and Dumez to which 
attention must be drawn. They maintain (I) that there is no 
regular occurrence of a band of linin (that marked kin the figures 
of my previous paper), joining the two univalent arms composing 
a U, and placed at the bend of the U ; and ( 2) that the linin 
spirem appears continuous and not broken into as many segments 
as there are Li-shaped loops. A reexamination shows me that 
they are right in regard to there being here a continuous linin 
spirem. And this is exactly what I gave especial study to 
proving to be the case in the corresponding stages of Peripatus. 
But I must maintain against these writers, that in Pletlzodon and 
Desmognathus, as in Peripatus, there is at no stage in the sper
matocytes a continuous chromatin spirem. Sometimes one arm 
of a U-shaped chromosome seems to be continuous with the end 
of an arm of another, as in Fig. r I (and Fig. 5 of my preceding 
paper). But this is unusual, and generally one finds, as in Figs. 
8, Io and I I, that the ends of the U-shaped chromatin loops are 
connected with the ends of other loops only by linin. Hence 
the boundaries of the bivalent chromosomes are perfectly distin
guishable in most cases. As to the first point, I admit that the 
U-shaped loop, which I regard as composed of two univalent 
chromosomes attached at the bend of the U, does not show in all 
cases a band of linin at its bend ; but it does nevertheless in many 
cases. However, on this point I did not place great insistence, 
as Janssens and Dumez maintain. 

The U-shaped bivalent chromosomes of Fig. 1 1 shorten and 
condense into forms such as shown in Fig. 12. By the conden
sation of the chromatin the longitudinal split becomes hidden. 
This is not a remarkable phenomenon, as maintained by the 
Belgian writers ; I and others have described it for frequent 
cases in arthropods. It reappears in the anaphase of the first 
maturation mitosis as a split along which the chromosomes 
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divide in the second mitosis. Finally the definitive shape is 
reached, as shown in Figs. I 3 and 14. One peculiarity has often 
been described in heterotypic chromosomes : as they are placed 
in the spindle (Fig. I 3), very frequently at the middle of each is 
one thickening, and this is more frequent than two thickenings. 
By comparison of a chromosome, such as that of Fig. 14, with 
earlier conditions, such as those of Fig. I 2, it becomes evident 
that such a thickening corresponds to the separated ends of the 
U-shaped loop, which have finally came into close juxtaposition. 

When we consider these points, we find two important facts : 
(I) that the twenty-four chromosomes are regularly paired in the 
spermatogonia, and that there the two of a pair lie close together ; 
and ( 2) that there is no evidence that the space enclosed by any 
one of the twelve heterotypic chromosomes has been formed by a 
longitudinal splitting. In the spermatocytes there are twelve 
loops of the shape of a U or V. There is a longitudinal splitting, 
but along the long axis of each loop. The simple explanation 
of these facts is that in the spermatocytes, in the synapsis stage, 
there takes place the close conjugation of every two such chro
mosomes as were found in the spermatogonia; that two together 
constitute a u-shaped loop; and that therefore the first matu
ration division results in separating entire univalent chro
mosomes. 

The difference of opinion between Janssens and Dumez and 
myself is more one of interpretation than of observation, though 
they did not notice the pairing of the chromosomes in the sper
matogonia, nor yet the true longitudinal split. They frankly ad
mit that by their interpretation the reduction in number of the 
chromosomes remains a mystery. They give no explanation of 
why there should be regularly disposed u-shaped loops. In as
suming that a heterotypic chromosome has been formed by a 
longitudinal splitting, instead of by a junction of two univalent 
chromosomes, they contend for a kind of splitting very wide at 
the middle of the chromosome, but narrow at its ends ; yet no 
such longitudinal splitting is known in any other case, and its 
difference is brought out sharply by comparison with the un
doubted longitudinal splitting in the chromosomes of the later 
prophases of the spermatogonia. These heterotypic chromosomes 
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are different m form from others, just because they represent 
pairs of univalent chromosomes. If they arose by simple longi
tudinal splitting, why should they differ so in form from the 
chromosomes of the spermatogonia, or of the spermatocytes of 
the second order ? 

And here my thanks are due to Janssens and Dumez for this 
critique of my interpretation, because it induced me to study 
anew the amphibian spermatogenesis, and this reexamination 
brought out the fact, strong in support of my position, that the 
chromosomes are regularly paired in the spermatogonia. 

2. THE INDIVIDUALITY OF THE CHRO'.\IOSO'.\IES. 

By the idea of the maintenance of the chromosomal individu
ality we do not mean that a chromosome remains chemically 
unchanged from generation to generation (for after every mitosis 
a daughter chromosome grows to the size of a mother chromo
some before it divides in the next mitosis), but that, despite great 
metabolic and structural changes, a chromosome of any generation 
is the descendant of a particular chromosome of the preceding 
generation, and is not a new formation. A chromosome of one 
generation ,represents a chromosome of a preceding, just as much 
as a cell of one generation represents a particular cell of a pre
ceding generation. This idea was first propounded by Rabl,1 and 
has steadily gained in support. The workers on ovogenesis 
have, for the most part, taken the position that it is not proved; 
but the reason there is simply the great duration of the growth 
period of the ovocytes, during a part of which chromosomal 
boundaries are not distinguishable. The students of spermato
genesis, on the other hand, are fairly unanimous in support of 
the view. 

It is very important that this idea should be firmly established, 
and certain considerations would show it to be so. There is first 
the fact that from generation to generation the number of chromo
somes remains the same, from the stage of the fertilized egg to 
that of the ovocyte or spermatocyte of the first order. Even the 
form of the chromosomes is maintained through these generations, 
as shown in the case of the cleavage of Ascaris. In the sperma-

1" Ueber Zelltheilung," Morphol. Jahrb., 5, 1885. 
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togenesis of some Hemiptera there is no rest stage in the growth 
period of the spermatocytes, so that the chromosomes can be fol
lowed from the spermatogonia to the spermatids. In Peripatus 
this is but a short rest stage, and during it the boundaries of the 
chromosomes can be readily distinguished. 

On the experimental side excellent evidence has been brought 
in support of this view, particularly by the study of abnormalities, 
by Boveri, 1 Zur Strassen, 2 Morgan,3 and Herla. 4 

Evidence fully as strong as that from experimentaal study has 
been obtained by observations upon certain modified chromo
somes of insects, which are : 

3. THE HETEROCHROMOSOMES. 

I offer this name to include those peculiarly modified chromo
somes to which have been given the names "accessory chromo
somes " by McClung, 5 "small chromosomes" by Paulmier G and 
"chromatin nuceoli " by myself. They have been described for 
the Hemiptera by Henking (!. c. ), Paulmier, and myself; for the 
Orthoptera by Wilcox,7 McClung, Sutton,8 de Sinety; 9 and for 
the spider by Miss Wall ace. 10 

1 "Zellen-Studien," Zoo!. Ja!trb., 1888; "Befruchtung, " E rgebn. Ana!. Entw., 

1891 ; " Ueber die Befruchtungs- und Entwickelungsfahigkeit kernloser Seeigel
Eier," Arch. Entwickmech., 2, l 895 ; ").lehrpolige Mitosen als Mittel zur Ana
lyse des Zellkerns," Verh. Phys. Ges. Wiirzbmg , 35, 1902. 

2" Ueber die Riesenbildung bei Ascaris-Eiern," Arch. Entwickmech., 7, 1898. 
3 "The Fertilization of Non-nucleated Fragments of Echinoderm Eggs, " Arch. 

Entwickmech. , 2, 1895. 
4 "Etude des Variations de la Mitose Chez l' Ascaride Megalocephale," Arch. 

Biol., 13, 1893. 
s" A Peculiar Nuclear Element in the Male Reproductive Cells of Insects," 

Zoo!. Bull., 1899; "The Spermatocyte Divisions of the Acrididre," Bull. Univ. 
Kansas, 1900; "Notes on the Accessory Chromosome," Anal. Anz., 20, 1901; 
•'The Accessory Chromosome - Sex Determinant?' ' BIOL. BuI.L., 3, 1902 ; '' The 
Spermatocyte Divisions of the Locustidx,'' .Kansas Univ. Sci. Bull., 1, 1902. 

G" The Spennatogenesis of Anasa tristis," Journ. fiiorph., 15, 1899, 
7" Spermatogenesis of Caloptenus femur-rubrum and Cicada tibicen," Bull. J1fus. 

Cvmp. Zoo!. Harvard, 27, 1895. 
s" The Spermatogonial Divisions of Brachystola magna, " /iansas Univ. Quar

terly, 9, 1900; ''On the Morphology of the Chromosome Group in Brachystola 

magna," BIOL. BULL., 4, 1902. 
9" Recherches sur la Biologie et 1' Anatomie des Phasmes," La Ce!lule, 19, 1901. 

JO "The Accessory Chromosome in the Spider," Anat. Anz.,18, 1900. 
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These are chromosomes which preserve to great extent their 
compact form during the whole growth period of the spcrmato
cytes, and during the rest stages of the spcrmatogonia, and re
tain throughout this whole period the deep staining characteristic 
of the other chromosomes only during the height of mitosis. 
Thanks to this peculiarity they can be followed with extreme 
certainty from generation to generation, even during rest stages; 
and so are splendid evidence for the thesis of the individuality 

of the chromosomes. 
Now there are two kinds of these. In the Orthoptera there is 

an unpaired one in the spermatogonia, larger than the other 
chromosomes ; in the Hemiptera they are paired in the spermato
gonia, and usually smaller thari. the other chromosomes. Other
wise in their behavior they are very similar in these two groups 
of insects. To include both these kinds the name " heterochro
mosomes," as expressing a difference from the other chromosomes, 
can be advantageously applied; and this would include (1) 
the " accessory chromosomes " (unpaired in the spermatogonia ), 
and ( 2) "the chromatin nucleoli" or "small chromosomes" 
(paired in the spermatogonia). ~IcClung regards them as sex 
determinants; I have considered them to be chromosomes that 
are in the process of disappearance, in the evolution of a higher 
to a lower chromosomal number. 

Now these can be followed from generation to generation with
out in the Hemiptera undergoing those profound changes which 
characterize the other chromosomes after a mitosis. In the Figs. 
I 5-23 they are the chromosomes marked N, n; Figs. 16 and 
I 7 show them in the spermatogonic and first spermatocytic mi
toses of Anasa; Figs. I 8, I 9 for the same stages in Corizus; 
Figs. 20, 2 I for Triclzpep!a ,· and Figs. 22, 2 3 for the spermato
gonic monaster and late prophase of the first maturation respec
tively of Protenor. In all these cases they can be recognized in 
mitosis by their much smaller size. 

Recently I have found them to occur in the same number and 
form in the ovogonia ; Fig. I 5 shows a pole view of the chro
mosomal plate in the ovogonium of Anasa ,· Fig. I 6 a similar view 
of the spennatogonium of the same species, and the chromosomes 
marked N and n are found to correspond exactly. 



MATURATION PHENOMENA OF GERM CELLS. I 47 

Now for Pro tenor I found that in the spermatogonic chromo
somal plate there are always exactly thirteen elements (Fig. 22); 
the two smallest of these are the heterochromosomes marked 
N, n; they are paired, and in the following synapsis stage conju
gate to form the smallest bivalent chromosome N, n of Fig. 2 3 ; 
these two chromosomes are then quite similar to the hetero
chromosomes (chromatin nucleoli) of the other Hemiptera. But 
there is a large element in the spermatogonium (X, Fig. 22 ), 
unpaired there, and which does not conjugate with any other 
chromosome during the synapsis stage, but remains unpaired in 
the spermatocyte (X, Fig. 23). This element I called the 
"chromosome x." Now, as McClung has also pointed out, this 
chromosome behaves exactly as does an accessory chromosome 
in the Orthoptera, being unpaired in the spermatogonia, and not 
conjugating with any other chromosome during the synapsis 
stage. Therefore in Protenor occur both kinds of heterochromo
somes, the small paired ones, N and n, and the large unpaired 
one, X. N and n are " chromatin nucleoli " according to my 
terminology, while X is an "accessory chromosome " ; thus 
both kinds of heterochromosomes occur in the same cell, and 

their likenesses and differences were fully discribed by me for this 
species. Both are recognizable through the whole growth period 
of the spermatocytes by their compact form and deep staining; 
but only the small pair, N and n, can be recognized in the rest 
stage of the spermatogonia. In three other Hemiptera, Al;1dus, 
Harmostes and CEdancala I showed that in the spermatogonia 
occurred also an uneven number (thirteen) of chromosomes; but 
in these the odd chromosome does not maintain its compact form 
during the growth period of the spermatocyte, and so is not 
recognizable there; but in the first maturation mitosis it is 
immediately recognizable as the only chromosome that has not 
conjugated with another to form a bivalent one. Now such a 
chromosome of A~11dus, Harmostes and CEdancala agrees with 
the chromosome X of Protenur in not pairing with another during 
the synapsis stage; but differs from it in behaving like the other 
chromosomes after a mitosis, i. c., in losing its compact structure 
and strong affinity for chromatin stains. 

Why should a heterochromosome be sometimes unpaired in the 
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spermatogonia, sometimes paired ? \Vhen they are unpaired 
they arc larger than the other chromosomes. This might imply 
that such an unpaired heterochromosome really represents two in 
close union, £. c. , is already bivalent in the spermatogonium. 
And this I think is a very probable explanation, in view, first, of 
the behavior of the unpaired chromosomes during the growth 
period of the spermatocyte in Protrnor (fully described in my 
paper, "The Germ Cells of the :\1etazoa "); and, second, of the 
fact that such a chromosome sometimes shows a distinct con
striction at its middle (shown for Harmostes in my paper, 
"Further Studies on the Chromosomes," etc.). 

It is hoped that these considerations, in endeavoring to show 
the likenesses and differences of the two kinds of heterochromo
somes, will bring more uniformity in the interpretation of these 
modified chromosomes, and that such chromosomes should al ways 
be taken into account in any discussion of the idea of the indi
viduality of the chromosomes. 

4. THE COXJGGATION OF THE CHROMOSOMES I~ THE SYNAPSIS 

STAGE, A:\D ITS RELATIOX TO THE REDUCTION DIVISION. 

It is now determined for a considerable number of cases that 
in the early portion of the growth peiiod of both ovocytes and 
spermatocytes there takes place the process known as the '' re
duction in number" of the chromosomes. Thus if there are 
twenty-four chromosomes in the spermatogonium, twelve are 
found in the maturation period before the first mitosis. This 
fact was first established by Boveri (" Zellen-Studien," !. c.) and 
by Brauer. 1 Really the name applied is a misnomer, for there is 
no loss of chromosomes, no true "reduction" in this number, 
b~t it is a conjugation of the chromosomes. Ruckert 2 sought to 
explain it by stating that in the prophase of the first maturation 
division the chromatin spirem breaks into only half the normal 
number of segments. This, however, is inadequate as an ex
planation, for I showed in the " Spermatogenesis of Peripatus " 
that in the prophases of the first maturation mitosis there is a 

1
" Zur Kenntniss der Spermatogenese von Ascaris megalocephala," Arch. JIIikr. 

Anat., 42, 1893. 
2 " Zur Eireifung bei Copepoden," Anat. Hejte, 4, 1894. 
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continuous linin spirem, which probably does not break into 
segments until the metakinesis of the first maturation mitosis, but 
no continuous cltromatin spirem. Hence it is not a question of 
chromosomes which were already contiguous remaining con
tiguous, but of chromosomes which were first separated (except 
for their linin connections) conjugating to form pairs during the 
synapsis stage. The criterion of the synapsis stage is such a 
pairing; and the term "conjugation" of the chromosomes rep
resents the facts much better than the term " reduction in 
number." 

The bivalent chromosomes so formed by conjugation , in the· 
Hemiptera, Peripatus and Amphibia, become so placed in the 
equator of the spindle of the first maturation mitosis, that entire 
univalent chromosomes becotne separated. This is a true reduc
tion division in the sense of Weismann. Each spermatocyte 
of the second order thus receives whole univalent chromosomes 
in one half the normal (somatic) number. While the majority 
of writers still hold that no such reduction division occurs, the 
idea being abhorrent to them, there are still a number who have 
furnished an array of facts that can be interpreted only as speak
ing for such an occurrence ; thus Ruckert, Hacker, Vom Rath, 
Korschelt, Henking, Paulmier, McClung, Sutton, Nichols, Grif
fin, Van Winiwarter, Lillie, Schockaert. But the arraying of 
names on the one side against those on the other is no argument 
in itself, and we may pass to the discussion of certain facts which 
harmonize completely with the occurrence of a reduction division, 
and remain unexplainable on any other basis. 

First, it may be recalled that there is a divergence of opinion 
as to which of the two maturation mitoses is the reduction divi
sion, some holding that it is the first and others, the second. 
There is no good reason, save the probability that there would 
be expected uniformity in such important processes, that this 
division should always be in the first mitosis, or always in the 
second ; for it is quite possible that there is a difference in this 
regard in different objects. In the discussion which follows we 
will assume it to be the first maturation mitosis since there 
occurs the reduction division in the objects specially studied 

by me. 
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Now I reached the cone! usion ("A Study of the Chromo
somes," etc.) that in the synapsis stage there is effected a 
conjugation of paternal with maternal chromosomes ; under 
"paternal" understanding those derived from the spermatozoon, 
and under "maternal," those from the ovotid. The arguments 

for this were stated as follows : 
I. In Ascaris megaloccplwla zmiz 1alens there is the normal num

ber of two chromosomes. The ovotid and spermatid have each 
only one. In the fertilized egg there is one derived from the sper

matid, one from the ovotid; therefore the bivalent chomosome 
found in the maturation period of the spermatocyte or ovocyte 
must have been formed by the conjugation of a paternal with a 
maternal chromosome. 

2. In the spermatogenesis of th~ Hemiptera there are usually 

two small heterochromosomes in the spermatogonia. These unite 
to form a bivalent one in the spermatocyte. They become 
separated from each other in the first maturation mitosis so that 
no spermatid receives more than one. Evidently then in the 
fertilized ovum since only one comes from the spermatid, the 
other must come from the ovitid. Therefore in the conjugation 
of the two in the synapsis, it is a conjugation of a paternal one 
with a maternal one. That was reasoned out without any 
knowledge of such chromosomes of the ovogenesis. Now I 
add Fig. I 5, showing among the chromosomes of an ovogenic 
monaster stage the two small elements 1V and n, which are 
heterochromosomes of the same number and size as those found 
in the spermatogonium (Fig. I 6, N, n). Therefore, there must 
be a conjugation in the ovogenetic synapsis stage, as well as 
in the spermatogenetic, of a paternal heterochromosome with a 
maternal one. 

3. That besides the heterochromosomes, whenever there is 
recognizable in the spermatogonic chromosomal plate a pair of 
chromosomes notably different from the others in volume, there 
is always found in the first maturation mitosis a particular bivalent 
chromosome notably different in volume from the other ones, 
and so evidently formed in the synapsis by the conjugation of 
the two peculiar univalent ones of the spermatogonium. This 
bivalent chromosome is so placed in the first maturation spindle 
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that its two univalent elements pass to opposite cells, so the sper
spennatid has never more than one of them. One of those in the 
spermatogonium must accordingly have come from the spermatid 
and one from the ovotid, which combined to give rise to that 
spermatogonium. And here, also, in the formation of such a 
bivalent chromosom.e in the synapsis there must be a union of a 
paternal with a maternal chromosome. No other explanation 
seems possible. 

These conclusions, the numerical ratios of certain clearly dis
tinguishable chromosomes in the spermatogonia, to certain 
equally distinguishable ones in the spermatocytes and sperma
tids, could ·be established for the heterochromosomes for some 
forty species of Hemiptera, and for other chromosomes in the 
cases of Tric!zpepla semivittata, Protenor belfragei, Pdiopdta ab
brcviata, Prionidus cristatus, Zaitlta flunzinea and Cori.::us !atera
lis. To make this point clear a few figures of certain of these 
cases are given here again. In the spermatogonium of Anasa 
(Fig. 16), as well as in the ovogonium (Fig. I 5), are recognizable 
among the 22 chromosomes, two very much smaller than the 
others (iV, n, heterochromosomes), and two considerably larger 
(A, a); in the first spermatocyte there are eleven bivalent ones, six 
of which are shown in Fig. I 7, and here we recognize again the 
chromosomes N, n and A, a. In Cori:::us, in the spermatogo
nium (Fig. I 8) are two particularly small (N, n) and t\\'O partic
ularly large chromosomes; and these recognizable again in the 
first maturation spindle (Fig. I 9 ). Similarly in the case of Triclt
fl'pla (Figs. 20, 2 I). In the spermatogonium of Protmor (Fig. 
22) are thirteen chromosomes; a particularly large one (X), two 
next in size (K, k), and two smallest (N, n). In the spermatocyte 
(Fig. 23) Xis recognizable as being the largest; it is the odd 
chromosome and is not paired with any other. N and n are 
paired and so are Kand k. 

From these observations I concluded that probably in every 
case the chromosomes in the synapsis united to form bivalent 

pairs in such a way that the one of each pair was paternal and 
the other maternal ; and I was able actually to demonstrate it in 
those cases where the differences in volume between the chromo
somes were sufficient to allow them to be followed from genera-



T. 11. MONTC;Ol\1ERY, JR. 

tion to generation. And I could also prove that in all cases the 
two components of each bivalent chromosome always become 
separated from each other in the first maturation mitosis. 

Following this came the paper of Sutton (!. c. ), proving con
clusively that in the spermatogonium of Braclt;1stola the chromo
somes occur regularly in pairs of graduated sizes, the two of a 
pair being always of the same length; that in the synapsis stage 
bivalent chromosomes are produced by the conjugation of every 

two chromosomes of the same length ; and that corresponding 
chromosomes became separated from each other in the reduction 
division (here the second maturation mitosis). So he concluded 
quite rightly that there are two series of chromosomes in the sper
matogonium, a paternal series, A, B, C ... JZ, and a maternal 
series, a, b, c ... n, in which A corresponds to a in size and hered
itary value, B to b, and so through the series. By A joining with a 

in the synapsis, like chromosomes conjugate; and by these sep
arating from each other in the reduction divisions, it results that 
two chromosomes of like size are not found in the spermatid. 
Sutton was the first to demonstrate this for the whole series of 
chromosomes, and to argue that such a conjugation, together 
with the following reduction division, would operate so that no 
spermatid could receive two chromosomes of like hereditary 
value, but only one chromosome representing a particular value. 

In the present paper I have shown that in P!ctlzodon and Des
mognatlzus also one may recognize the two corresponding series 
of chromosomes in the spermatogonium. An examination of 
Ascaris megalocephala biva!ens shows the same relation. Pole 
views of the first cleavage spindle (Figs. 28-30) show each two 
larger (A, a) and two smaller chromosomes ( B, b). The differ
ences in size of the two pairs is not very great, but always recog
nizable when the chromosomes can be seen in their entirety. 
This is then evidently a case parallel to those described above : 
that of the larger pair (A, a) one is paternal and the other ma
ternal, and that of the smaller pair ( B, b) the same relation holds. 
Now the formation of the tetrads in the ovogenesis of this species 
has been described by Boveri as two equation (longitudinal) di
visions of each bivalent chromosome; and Braur has reached the 
same re:mlt for the formation of the tetrads in the spermatogen-
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esis. But in concluding this these writers do not give a satisfac
tory explanation either why or how univalent chromosomes unite 
to form bivalent ones, and so give no clue to a reason for the 
chromosomes being paired in the fertilized egg. This point can 
be settled only by a careful reexamination of the changes in the 
early growth period, and here I shall simply call attention to cer
tain appearances that speak for the first maturation mitosis in 
Ascaris being a reduction division. 

In the fertilized egg are two pairs of chromosomes, A, a and 
B, b (Figs. 28-30), one pair being considerably larger than the 
other, and the two composing a pair sometimes differing some
what in length but being approximately equal in volume. As 
Van Beneden first showed, two of these chromosomes come from 
the ovotid, and two from the spermatozoon. Fig. 2 7 shows a 
slightly earlier stage, the chromosomes in two groups, one group 
derived from the male pronucleus and the other from the female 
pronucleus. In the group to the right is a large and a small 
chromosome (A, B); in the group to the left also a large and 
small one (a, b). But A corresponds approximately to a in vol
ume, and B to b. Therefore we may say that of the four chro
mosomes in the fertilized egg (Figs. 27-30) a small paternal one 
(from the male pronucleus) corresponds in volume to a small 
maternal one (from the female pronucleus), and a large paternal 
one to a large maternal one. In other words, of each pair of 
chromosomes in the fertilized egg, one chromosome is paternal 
and one maternal. Which two come from the male pronucleus, 
and which two from the female pronucleus, there is as yet no 
means of deciding, for the two pronuclei appear structurally 
alike. But to make my argument clear I will assume that A and 
Bare paternal, and a and b maternal. 

Now in the formation of the first polar body (Figs. 24, 2 5) we 
find the two well-known quadripartite chromosomes. There are 
two, not four; hence they are bivalent with regard to the normal 
number. In each bivalent chromosome (tetrad) we should ex
pect then to find two univalent chromosomes. Both these figures 
( 24, 2 5) were drawn with great care to get the exact proportions 
of -the parts of the chromosomes; both represent the stage 
where one plate of chromosomes is passing into the polar body. 
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Now in each of th(>se cases we notice in the polar body, as in 
the egg, a larger and a smaller bipartite chromosome. Thus 
in the polar body the larger dyad A, A, and the smaller B, B ; 
in the egg the larger dyad a, a, and the smaller, b, b. As far as 
I can determine this relation appears to be constant: one large 
and one small dyad in the polar body as well as in the egg; and 
not two smaller (or larger) dyads in the polar body and two 
larger (or smaller) dyads in the egg. Now from what we have 
found to be the case in other objects, I would judge A, A to be 
an entire univalent chromosome that had been paired previously 
with the entire univalent chromosome a, a ; and that a similar 
relation holds between B, B and b, b. This would then be a 
reduction division, separating entire univalent chromosomes. · In 
favor of this is the . fact that A, A is approximately similar in vol
ume to a, a, and B, B to b, b; and we have learned that chro
mosomes of similar volumes conjugate in synapsis. Two dyads 
are left in the egg, a, a and b, b, each of which could be re
garded as a longitudinally split univalent chromosome. In the 
formation of the second pole body (Fig. 26) the two parts of 
each dyad separate from each other, and this would be an equa
tional division. There are then left in the egg the two chromo
somes a and b, which differ markedly in volume. And this is in 
exact accord with the fact shown in Fig. 27, that from each pro
nucleus comes one large and one small chromosome. 

This interpretation would bring Ascaris into close agreement 
with the other objects discussed in this paper: it explains why 
there are two large and two small chromosomes in the fertilized 
egg; why each pronucleus has one large and one small chromo
some; finally, why the two bivalent chromosomes of the first 
maturation mitosis differ in volume. The idea that each such 
bivalent chromosome has been formed by a double longitudinal 
splitting, hence that both divisions are equational, gives no ex
planation for any of these phenomena, nor yet explains how or 
why bivalent chromosomes should be formed. The onus no 
longer rests upon us to prove the occurrence of a reduction divi
sion ; but upon those of the other school to prove that a bivalent 
chromosome represents one chromosome that has undergone a 
double longitudinal division, and to show that such an interpre-
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tation is explanatory of the kind of phenomena that we have 
discussed. 

5. CHROMOSOMAL COMBINATIONS AND THE MENDELIAN RATIO. 

In his paper on "The Chromosomes in Heredity" 1 Sutton 
argues that the combination of paternal and maternal chromo
:somes in the fertilized egg would result in a Mendelian ratio. It 
will be recalled that Mendel 2 in his experiments on crossing 
varieties of Pisu1n, to determine the law of transmission o 
parental characters to the hybrid, found the crosses to result in 
the ratio I D: 2 Dr: I r, in which D represents the pure char

acter of one parent, r the pure character of the other parent, and 
Dr represents the possession of both characters. In other 
words: out of four offspring resulting from such a cross, one 
would resemble the father, one the mother, and two combine the 
-characters of both parents. 

Sutton starts with the fact that there are two series of chro
mosomes in each fertilized egg, A, B, C, ... n and a, b, c, ... 
n, the first set of paternal origin (from the spermatozoon) and the 
second of maternal (from the ovotid). In these series A is the 

homologue of a, B of b, and so on. In the synapsis stage of the 
germ cells A would conjugate with a, B with b, and so on, so 
there would be formed the bivalent chromosomes Aa, Bb. Cc, 

... n. In the reduction division A and a would pass to sep
arate cells, and such would be the case with B and b and the re

maining paired chromosomes. 
Then Sutton takes the case where there are the two homol

-0gous chromosomes A and a in an ovogonium and A and a in a 
spermatogonium; in the maturation period there would be 
formed Aa in the ovocyte, and Aa in the spermatocyte; the 
ovotids would contain then either A or a, and the spermatids 
either A or a. There would then result in fertilization these 

combinations : 

3. BIOLOG. BULL., 4, 1903 . 

At+ A<.?= AA 
At+ a<.?= Aa 
at+A<.?=aA 
at+ a<.?= aa. 

.2" Versuche Uber Pflanzenhybriden,'' Ver!t. nat. Ver. Brunn, 4, I 865. 
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"Since the second and third of these are alike the result 
would be expressed be the formula AA : 2Aa: aa which is the 
same as that given for any character in a Mendelian case." 

But as a matter of fact this can be so only in a case where 
there are only two chromosomes in the fertilized egg. For let 
us take the case where the normal number of chromosomes is 
four; express by capital letters those chromosomes originally de
rived from the spermatozoon, and by small letters those derived 
from the ovotid ; and assume that A is homologous to a, and B 
to b. Then the spermatogonium would have the chromosomes, 
A, a, B, b, and the ovogonium have also A, a, B, b. By the 
synapsis stage would be formed bivalent chromosomes Aa, Bb 
in the spermatocyte, and Aa, Bb in the ovocyte. The reduction 
division would separate A from a and B from b in both sperma
togenesis and ovogenesis. The spermatids would contain then 
either A, B, or a, b, or A, b, or a, B; and the ovotids either A, 
B or a, b, or A, b, or a, B. In the fertilization of one of these 
ovotids by one of the spermatozoa, I 6 different combinations are 
possible: A, B, A, B; A, B, a, b; A, B, A, b; A, B, a, B; a, 
b, A. B; a, b, a, b; a, b, A, b; a, b, a, B; A, b, A, B; A, b, a. 
b; A, b, A, b; A, b, a, B; a, B, A, B; a, B, a, b; a, B, A, b; 
a, B, a, B. But only one of these combinations is of purely 
paternal chromosomes, namely A, B, A, B; and only one of 
purely maternal, namely a, b, a, b. The other fourteen combi
nations show paternal together with maternal chromosomes (six 
cases where the paternal and maternal chromosomes are present 
in equal number, four cases where there are three paternal chro
mosomes to one maternal, and four cases where there are three 
maternal chromosomes to one paternal). 

Hence the ratio is : 1P: 14PM: 1M, where Pstands for purely 
paternal chromosomes, M for .purely maternal, and PM for com
binations of paternal and maternal chromosomes. This is clearly 
not a Mendelian ratio of I : 2 : I. And obviously the disparity 
would become greater with any increase in the number of chromo
somes. According to Sutton's own computation, in forms which 
have 24 chromosomes, the number of possible combinations of 
these in the fertilized egg would be I 6,77 7, 2 I 6. That would 
give the ratio of 1P: 16,777,214PM: 1M. 
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But though the combinations of paternal and maternal cluo
mosomes in the fertilized egg do not support the Mendelian ratio 
for hybrids, I fully agree with Sutton that "the phenomena of 
germ-cell divisions and of heredity are seen to have the essential 
features, viz., purity of units (chromosomes, characters) and the 
independent transmission of the same." 

UNIVERSITY OF TEXAS, 

November 29, 1903. 
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EXPI.A:\ATIO::\ OF FIGCRE,:. 

FIGS. 1-3. Pole views of spermatogonic monasters of P let!iodon cinereus. 
FIG. 4. Pole view of a spermatogonic monaster of Diemyctilus virescens. 

Frcs. 5, 6. Pole and lateral views respectiYely of spermatogonic mona!;ters of 
D esmognathus fuscus. 

FIG. 7. Oblique pole view of one plate of daughter chromosomes, early sper
matogonic anaphase of Desmognat!ms fuscus. 

FIG. 8. Lateral view of a late syn apsis ( postsynapsis) stage of Desmognathus 
fuscus; four entire bivalent chromosomes shown, and half of another. Nuclear mem
brane not yet formed. 

FIG. 9. l'olar view of a spermatocytic nucleus at a slightly later stage in the same 
species. 

FI<.S. 10-12. Successive propbases of the first maturation mitosis in Desmo,[[na

thus fuscus. 

FIG. 13. Lateral view of a spindle of the first maturation mitosis, showing three 
bivalent chromosomes in metakinesis; Plethodon cinereus. 

FIG. 14. A heterotypic chromosome of Plethodon cinereus in its definitiYe form. 
FIG. 15. Ana;a (undetermined species from California), pole view of ovogonic 

monaster. 
FIG. 16. Anasa sp., pole view of spermatogonic monaster. 
FIG. 17. Anasa sp., lateral view of first maturation mitosis, showing six of the 

eleven bivalent chromosomes. 
FIG. I 8. Corizus alternatus, pole view of the spermatogonic monaster. 
FJG. 19. Corizus alternatus, lateral view of first maturation mitosis, showing five 

of the bivalent chromosomes. 
FIG. 20. Trichpepla semivitlato, pole view of spermatogonic monaster. 
FIG. 21. Trichpepla semivittata, lateral view of first maturation mitosis, showing 

all the bivalent chromosomes. 

FIG. 22. Protenor belfragei, pole view of spermatogonic monaster. 
FIG. 23. Protenor belfragei, late prophase of the first maturation mitosis. 
FIGS. 24, 25. Ascaris megalocepha!a biva!ens, formation of the first polar body 

(first maturation mitosis), the spindle seen very obliquely in Fig. 25. 
FIG. 26. Idem, formation of second polar body. 

FIG. 27. Idem, lateral view of the first cleavage spindle showing the two groups 
of chromosomes. 

FIG. 28-30. Idem, pole views of the chromosomes in the first cleavage spindle. 
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LReprinte:l from BIOLOGICAL BcLLETIN, Yo!. VI., ?\u. 4, :March, 1c;o4.] 

VARIABILITY IN THE NUMBER OF TEETH 0:-\ THE 
CLAWS OF ADULT SPIDERS, SHOWING THEIR 

UNRELIABILITY FOR SYSTEM A TIC 
DESCRIPTION.1 

CARL HARTMANN. 

Since the number of teeth on the claws of spiders is often used 
as a specific character, the need of testing its constancy sug
gested itself. It has been pointed out by W. Wagner 2 that the 
number of ungual teeth varies with each moult. In the present 
study of the variations in the adult this fact was well taken into 
consideration, great care being exercised in choosing fully mature 
individuals that had undergone the last moult. To my knowl
edge no one has ever tested the constancy of the number in 
fully mature individuals. 

The study was made on the claws of the right legs of 70 
females and 40 males and comprises, therefore, observations on 
nearly 1,320 claws of 440 legs. Representatives of a number 
of different families were chosen as follows : Dictynidce (Dictyna 
volupis, Keys., West Chester, Pa.), Theridiidce (Tlzeridium ti!pi
dariorum, Koch, Philadelphia), Pholcidce ( Spermaplwra sp .? 

Hentz, Austin, Texas), Epeirid~ (Epeira mannorea Clerck ;. 
E. bmjamini, Walck.; Acrosoma 1"eduvianum, (Walck), \Vest 
Chester, Pa.), Lycosidce (Lycosa nidicola, Emerton, .. -\ustin~ 
Tex.). 

The counting of the claws was easy except in the case of 
Dictyna volupis and of .Spermopliora ,· but even here, if any mis
takes in the counting are recorded, they are extremely few, for I 
never left a claw until convinced that my count was correct ; or 
in a few cases where this seemed impossible the individual was 
entireJy discarded. To count the teeth the three claws of each 
leg, if they were large, were snipped off with a needle (keeping 
the foot on a slide in a drop of alcohol) and pressed flat with a 
cover-glass. If the claws were too small, the whole tarsus was 

1 Contributions from the Zoology Department of the University of Texas, No. 55. 
~ W. Wagner, "La :\Iue des Aragnees,'' Ann. Sc. Nat., 1888, p. 363. 
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TABLE I. FEMALES. 

No. C>f the Individual. 

I 
13,I2 . I3,ll ' I2,II 

5 5 5 
12,I I 

5 
12,10 ' I4,12 

5 I 5 
12, I 2 

5 
i I2,12 ! 12,10 11,- I2,I2 : 12,12 12,II 13,13 

5 5 5 4 I 5 5 5 
9,10 10, 9 -, 9 9,9 9, 9 8,9 I 9,Io 10,10 10,Io . 

4 4 4 ; 4 3 4 i 3 4 3 

_9·_; _o _ __ 9_·;_o _ _ I_o_4_10_ ;_9_,_;_o_ ~'I° __ ~;_i~~IO .~·;a _ ~~411 
6,6 6,5 I 5,8 6,5 6,5 6,6 :4,5 4,5 6,5 6,5 
2 2 2 2 2 2 1 2 2 2 

6,6 6,5 6,5 6,5 6,6 6,5 :5,s -,6 7,5 6,6 
2 2 3,2 2 2 2 ! 2 2 2 2 

5,6 5,6 5,5 5,6 5,6 5,6 i-,5 ·-,6 5,6 5,6 
2 2 2 2 2 2 1 2 2 2 2 

4,2 
2 

3,2 
I 

4,2 
I 

4,2 
2 

4, I i3,2 3,2 4,2 3,I 
2 I 1 1 I I 2 

IO 

13,11 
5 

1I,12 
5 

9,9 
4 

10,10 
4 

6,6 
2 

6,6 
2 

6,6 
I 

4,2 
I 

11,IO I0,10 11,11 10,IO 10,10 I0,10 II,10 11,10 9,9 II,IO 
I I I I I I I I I I 

IO, IO 10, IO II,10 I2, IO 10,IO . 11,IO 
I I I I I I 

9,10 IO, IO 11,11 10,IO II,II 9,9 I0,9 
2 I I I I I I 

4 
-,9 9,10 7,9 8,10 8,10 

- -·1·---- - - 2 I l I I I 
-· · ---··- - -- - -·-- - --1- - ·- - ·--

• I I 7,8 8,8 ; 
lo.~ I 2 2 j 

~ ' 7,8 6,7 I 
lo. 2 
~ 2 2 
:: j 6,6 

2 

. 1 4~4 

-,7 
2 

5,6 
2 

7,8 
2 

7,8 
2 

6,5 
I 

~I 
.... 2 7,6 7,6 5,4 

~ i 3 ° 7~6 I 6~6 
~ ' ! 6,5 . 9~9 6~7 

1 

4 
i o i o I o 

_ __ 1_1 _.5;8 '~1 - 8,:_ 
·::: ! 2 2 i 3 r 2 1 5,9 6,9 5

3
,6 

\; : I 2 2 

-: ; 
3 

: 3,6 8,7 I 7,6 
.!:; . 2 2 I 2 

~ ' 6,5 7,6 7,6 
: 4 2 2 2 

8,9 
2 

9,9 
2 

6,7 
2 

6,8 
2 

4,4 
0 

5,4 
0 

7,6 
0 

6,7 
0 

8,8 
2 

7,9 
2 

7,7 
2 

4,5 
2 

9,7 
2 

8,8 
2 

7,6 
2 

6,6 
2 

7,8 
3 

8,7 
2 

6,5 
2 

5,6 
2 

7,8 
3 

7,8 
3 

6,6 
2 

6,5 
2 

4,4 i 5,4 5,4 
0 0 0 

5,4 6,5 5.4 
0 I 0 

6,5 7,7 7,6 
0 0 0 

5,7 8,8 7,7 
0 0 0 

9,8 8,8 10,8 
3 2 3 

7,9 8,8 8,9 
3 2 2 

8,7 7,7 6,11 
2 2 2 

6,5 5,5 6,5 
2 2 

11,1 I 9,9 
I 

I0,10 
I 

IO,IO 9,9 9,12 
I I I . 

8,9 I 7,8 
I , I 

I0,10 
I 

8,8 8,8 9,9 
3 

8,8 
3 

8,7 
2 

2 3 
7,8 8,8 

2 2 

6,7 6,6 
I 2 

6,5 6,6 6, 7 
2 2 2 

0 

5,6 
0 

7,7 
0 

8,8 
0 

8,9 
2 

7,8 
2 

7,6 
2 

6,5 
2 

5,5 4,5 
0 0 

7,7 6,6 
0 0 

7,7 7,7 
0 0 

7,8 . 6,8 
2 2 

6,8 7,8 
2 ' 2 

7,7 ; 6,6 
2 2 

6,5 6,5 
2 2 
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TABLE I. FEMALES.-Continued. 

-~ 'o bil l No. of Individuals. 
~ o~ ~~--,-~~~~~~~~~~~~~~~~~~~~~~ 

~ ~1_1 ___ 2 ___ 3 __ 4 -1-s- _ 6_l_1_1_s _j_9 __ 10_ 

I I 7,6 7,6 7,7 7,6 7,7 7,6 8,7 7,6 7,7 7,7 
2 2 2 2 ' 2 2 2 2 2 2 

::: ~ 2 I _ _ 1,6 1,6 1,6 I 1.- 6,6 6,7 1.1 1.1 6,7 
~~ 2 2 2 2 2 2 2 2 2 

n 3 I 5.6 5.5 6,5 6,5 6,6 5.5 6,6 5.5 6,6 I 5.5 
~~ 2 2 2 2 2 2 2 2 2 2 .. 

4 3~2 3~4 3;4 4;4 I __ 4;5 5;4 4;2 4;4 4;3 

covered, placed under the compound microscope and pressure 
applied until all the teeth came into full view. 

The results of the counting of the teeth are recorded in the 
accompanying tables, Table I. containing the figures for the fe
males and Table II. for the males. The three claws were always 
distinguished from one another and the number of teeth on each 

a, p 
recorded after the formula -.-, where a represents the number 

i 

of teeth on the anterior, p on the posterior and i on the inferior 
claw. 

The reduction in the number of teeth seems to take place at 
the proximal end of the claw because, firstly, the distal teeth 
usually maintain the size and form characteristic of the species, 
and secondly because the proximal tooth (or teeth) in some cases 
becomes so small as to merit the name tubercle in place of 
tooth. This latter fact forced me to establish a criterion to de
termine what to count a~ a tooth and I decided to call the 
structure a tooth if it had attained a length at least half as great 
as its width at the base. In Dicty!la 'uolupis the two distal teeth 
are small and are closely approximated to the claw for nearly 
their entire length. One of these was counted in some four or 
five cases where it was unusually large and stood out from the 
claw for at least half its length. 

In order to reduce the tables to percentages so as to get at a 
simple set of figures for comparison I have adopted what may 
be called the "percentage of constancy" method, which may be 
illustrated as follows: 

In Table I. the anterior claw of the first leg of Lycosa nidicola 
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i ~5 ?\1, of the lncih·idual. 

I O 

12, I I I 2, I I I2 , IO I 2, I I 12,9 II, I I I I, I I IO, IO II,11 I I, IO 
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has 4 teeth 8 times out of IO, the posterior claw has 4 teeth 9 
times out of Io. So that the claws have percentages of constancy 
of So and 90 respectively. On the second leg of the same 
species the anterior claw has 5 teeth more often than any other 
number of teeth or in other words it has a maximum constancy of 
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5 in IO= 50 per cent.; the posterior claw has a maximum con
stancy of 40 per cent. having 4 teeth 4 times in IO. This method 
was pursued throughout. Where only five specimens of a 
species were examined the result was calculated to ten. On 
the basis of these data the following conclusions were drawn. 
Where percentages are cited they are percentages of constancy 
and refer only to the superior claws. 

I. Claws having larger numbers of teeth show more varia
tion in numbers than claws having a smaller number and this 
holds for both sexes. The percentages of constancy for the 
superior claws of male and female are as follows : Spermoplzora 
52 per cent., Dict.yna 'ZJolupis 54 per cent., Epeira mannorea 59.5 
per cent., Lycosa nidicola 62 per cent., Tlzeridizmz tepidariorum 
68 per cent. A glance at the tables will convince one that this 
order will practically hold for the relative total number of teeth. 

The same result is more strikingly shown by the inferior 
teeth. In Dict.yna volupis, which has normally 4-5 teeth on the 
inferior claw, there are 16 variations in 80 cases of both males 
and females; while Spermoplzora and Lycosa m'dicola, \\·hich have 
normally only I and o tooth respectively have only 3 variations 
in 80 cases in the former case and I in 60 in the latter. 

Moreover, the superior claws, having many teeth, show many 
times as much variation as the few-toothed inferior claw. 

2. The teeth on the claws of the first leg show least \'ariation 
in number, those on the third most. The percentages of con
stancy are: First leg, 6 r. 5 per cent.; second leg, 60.0 per cent.; 
third leg, 57.0 per cent.; fourth leg, 58 per cent. 

3. The number of teeth on the claws of the female varies 
slightly more than in the male, the percentages of constancy 

being 58.0 and 59.7 5 respectively. The inferior claw gives the 
opposite result, however, for here in the females there are 17, in 
the males 19 deviations from the normal in I 60 cases. A glance 
at the tables will disclose a sexual dimorphism in the total num
ber of teeth which may be greater in the male or in the female 
or the same in both, according to the species. Thus by actual 
count 5 females of Epeira marmorea have 3 I 8, 5 males 3 3 5 
ungual teeth on the right side ; but 5 females of Lycosa nidicola 
have 3 18 teeth as against 228 for 5 males ; while IO females and 
IO males of DictJ11w 11o!upis have e~ch I ,030 teeth exactly. 
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4. The anterior and the posterior claws vary in nearly equal 
measure throughout, the average constancy percentage for the 
former being 58.0, for the latter 59.7 5. 

5. In only one case were two individuals found that had the 
same number of teeth on the corresponding claws of all the four 
legs on the right side (Table II., Tlzeridium tepidariorunz, indi
viduals 2 and 4). 

In view of these facts one would be safe in saying that the 
number of teeth on the tarsal claws of spiders is too variable to 
be used as a specific character ; it should at least not be used in 
a diagnosis until its absolute constancy for a given species has 
first been demonstrated. 

In addition to this common variation in the number of teeth on 
the claws one often meets with additional claws or with double 

rows of teeth on the same claw (mutations). Fig. 1 represents 
the first foot of the seventh specimen of Tlzeridimn tepidariorunz 
in Table I. Two complete sets of claws, similar to the ones 
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figured for the first leg, were found on each leg of the animal, 
both on the right and on the left side. These claws were all of 
the normal type but possessed relatively fewer teeth than those 
on the claws of other specimens of the same species. 

Fig. 2 represents four claws on the second leg of the second 
female of Tlzeridium tepidariorurn, the claw bearing three teeth 
being an additional inferior one. 

Figs. 3 and 4 show on the posterior claws double rows of 
teeth, the additional row lying close to the normal and more 
regular one. The claws in Fig. 3 are from the third leg of 
specimen seven of Epeira benj'amini and those in Fig. 4 from the 
fourth leg of specimen four of E. marmorea, both in Table I. 

In conclusion I wish to thank Dr. T. H. Montgomery for the 
many specimens which he placed at my disposal and for his kind 
suggestions in my work. 

UNIVERSITY OF TEXAS, 

AUSTIN, TEXAS, December 24, 1903. 
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I. 

5 

Under heredity we understand the transference to the offspring 
of qualities of the parent or parents. The interpretation of the phe
nomena involved constitutes one of the broadest problems in the 
field of Biology, and has for centuries been the theme of eager dis
cussion. Yet only in the past forty years has there come out any 
positive knowledge upon the subject, except the making known of 
certain cases of parthenogenesis and of the occasional difference of 
reciprocal crosses. 

There are obviously two methods of determining the facts of 
heredity. First, by the intercrossing of different varieties or 
species, and the determination of the relative influences of the 
parents upon the offspring. The first fundamental work in this line 
was done by Mendel in 1865 ( Versuche i2ber Pjlanzenlzybriden), 
who determined a large series of facts for the plant genus Pisum, 
and from the data established a mathematical law for this genus as 
to the inheritance of parental qualities by the hybrids. This 
memoir, only some three years ago resurrected from its long 
obscurity, is to-day occupying the attention it deserves, and has 
stimulated much work along the same line. De Vries' magnifi
cent work, Die Mutationsthtorie, demands as well recognition in 
this respect. But it is clear that such experimental intercrossing, 
in so far as only the end results of the crosses are considered, can 
do no more than state the degrees of resemblance of the offspring 
to the parents, and decide the questions as to the fertility of the 
hybrids. Important and necessary as it is, it does r.ot go to the 
root of the matter, and cannot present any empirical analysis of 
the underlying factors. 

For an understanding of these we must turn to the second method, 
to the examination and interpretation of the intimate structural 
and growth phenomena of the germ cells themselves, that is, to the 

Reprinted jrom Proceedings Amer;can Phdosophical Society, Vol. xliii, No. I75. 
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cellular basis. All explanations must remain purely hypothetical 
until this is done. And here I would call attention, as briefly and 
concisely as possible, to certain positive results that have been won 
in the study of the germ cells, and disregard the many fascinating 
but purely hypothetical views as to the process of heredity. 

II. 

The statement of the problem must be a very broad one. The 
fertilized egg gradually cleaves into many cells. These progressively 
arrange themselves into tissues, and these form organs. By con· 
tiirning cell division, by change of position and infolding of cells, 
and 'particularly by a differentiation of the cells as the development 
proceeds, the adult organism eventuates. Then from the body of 
this adult comes an egg, and it repeats the whole involved process. 
Here are two great fundamental problems: the one, why the 
offspring resembles the parent? the other, what are the factors of 
differentiation? On the answer to these problems depends to great 
extent the explanation of how variations arise and how they are 
promulgated, that is, the explanation of descent with modification, 
broadly called evolution. The very subsidiary question of the 
determination of sex is necessarily also connected with these prob
lems. And all of these questions are inseparable from the one : 
How far is the adult preformed or prelocalized in the germ cells? 

What interests us immediately are the two points: First, has there 
been empirically determined a particular cellular substance, most 
intimately connected with the transmission of hereditary growth 
energies? And second, if such a substance is known, does its 
behavior during the process of development of the embryo throw 
any light upon the processes of heredity? 

III. 

To make the following argument clear, we must call to mind the 
structure of the mature germ cells and the process of cell division. 

The maternal germ cell, the ovum, appears much like any large, 
unspecialized cell. We distinguish in it a central rounded body, 
the nucleus, with its surrounding cytoplasm. In the cytoplasm 
there is a living substance, the protoplasm proper, and various deu
toplasmic substances, such as yolk, which serve mainly for the 
nourishment of the cell. The nucleus is more complex. Travers-
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ing the thinly fluid nuclear sap, which fills it, is a delicate network 
or meshwork of linin threads, and supported upon or imbedded in 
them masses of a substance called chromatin. In the nuclear sap 
may be suspended also one or many large rounded bodies, the 
nucleoli, and numerous minute lanthanin granules. The whole is 
enclosed by a nuclear membrane. 

The paternal germ cell, the spermatozoon, has a very different 
appearance, and in volume is exceedingly smaller than the ovum. 
In the case of the sea-urchin, Wilson (The Cell in Development and 
Inheritance) has computed it to be about one half-millionth the 
volume of the egg, and the difference is many times greater than 
this in the case of the bird. The history of its formation shows it 
to be a highly specialized cell with regard to its cytoplasm, which 
is generally modified to form a locomotory flagellum. But its 
amount of chromatin is the same as that in the egg cell, though 
contained in a very condensed form (composing the head of the 
spermatozoon). At the junction of the flagellum and head there 
is frequently found a mid-body, a metamorphosed centrosome. 
Thus there is a division of labor between the two germ cells: the 
ovum is large to provide the necessary cytoplasm and nourishment 
for the embryo ; the spermatozoon minute and motile in order to 
reach the ovum. 

All cell reproduction is by division of the cell, and the mode of 
division, which differs very notably from a mere constriction into 
two, may be briefly recalled. The nucleus of the cell increases in 
volume, and its scattered chromatin masses group ~hemselves evenly 
along the linin threads, so that eventually the chromatin seems to 
be arranged in the form of a long, continuous loop. In the cyto
plasm at one side of the nucleus appears a minute body, the centro
some. This divides into two centrosomes, and they wander apart 
from each other, each through an angle of 90°, to opposite sides ot 
the nucleus. These centrosomes are the dynamic centres of the 
cell division and exert an influence upon the surrounding cyto
plasm, as shown by systems (asters) of cytoplasmic rays converging 
upon them. Within the nucleus, meanwhile, the chromatin loop 
has become split through its entire length by an exact halving of 
each of its larger chromatin masses, and has also broken trans
versely into a fixed number of segments, the chromosomes, which 
now are connected together only by linin threads. Then the 
nuclear membrane dissolves away and a dicentric figure appears 
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with a centrosome, the centre of an aster, at each pole, the chro
mosomes grouped together in a plane midway between the poles 
and with the long axis of each chromosome coinciding with this 
plane. Then begins the separation from each other of the halves 
of each longitudinally split chromo::;ome and to opposite poles, 
probably due to the contraction of linin fibres that connect the 
chromosomes with the centrosomes. Their separated halves come 
to lie in two groups, one near each centrosome. Finally, each 
centrosome loses its influence upon the cytoplasm, the radiations 
around it disappear, each group of chromosomes forms again a 
rounded nucleus, the cell body constricts between them to form 
two cells, and as a result there are two cells each with its own 
nucleus. The remarkable accomplishment is an exactly equal dis
tribution of the chromatin mass to the daughter cells by a very 
complex mechanical process. 

IV. 

Now is there any particular one of these structures that can be 
determined as the bearer of hereditary qualities? No one has 
advocated that it might be a centrosome, and, indeed, there is no 
reason for considering a centrosome to be any other than a dynamic 
centre. Such a substance must then be in either the cytoplasm or 
the nucleus. 

The earlier views were that this particular substance was located 
in the cytoplasm (Lankester, 1877; Whitman, 1878; Flemming, 
1882; Van Beneden, 1883). But these were hypothetical assump
tions and employed not so much to show a special hereditary sub
stance, as rather to explain the progressive specialization of the 
cleavage cells. Hereditary traits cannot, moreover, be transmitted 
by the cytoplasm of the spermatozoon, for in some cases (Echino
derms) the whole cytoplasmic flagellum of the spermatozoon is left 
outside the egg, and only the head and midbody of the spermato
zoon penetrate the egg in fertilization. There is also the decisive 
experiment of Boveri. to which we shall recur, showing that the 
cytoplasm of the egg cell also does not transmit hereditary traits. 

Accordingly the hereditary substance must have its seat in the 
nucleus, and there is now practically positive evidence that such a 
germ plasm is the chromatin. The main reasons are as follows : 

(r) The exact distribution of the chromatin in cell division, so 
that each daughter cell receives just half the amount of chromatin 
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of the mother cell. The longitudinal splitting of the chromosomes 
is an autonomous act, whereby each small chromatin mass compos
ing the chromosome (though not the smallest visible granules or 
microsomes) divides exactly into halves, and the whole complex 
series of changes leading to the dicentric division figure seem to 
have been evolved simply to effect the equal distribution of the 
daughter chromosomes to the daughter cells. Whether the cyto
plasm divides equally or unequally, the chromatin is always divi
ded and distributed equally. This fact alone has seemed sufficient 
to most workers to mark the chromatin as the hereditary substance. 

( 2) The fact that the chromosomes, the accumulations of chro
matin during cell division, are fixed in number for all the cell gen
erations of a species. And the strong probability, amounting 
almost to a fact, that the chromosomes preserve their individual 
continuity from generation to generation, notwithstanding their 
great chemical and structural changes during the rest stage of the 
cell. 

( 3) The fact that the spermatozoon, in most respects the very 
antithesis of the ovum, on entering the egg in fertilization brings 
in just the same amount of chromatin as that contained in the egg. 
Not only is this so, but Van Beneden demonstrated as long ago as 
1883 (Recherches sur la maturation de l' ceuf) that the spermato
zoon brings into the egg just as many chromosomes as are con
tained in the latter. Since we know that the two parents have an 
approximately equal influence upon the offspring, and since the 
chromatin is a substance contributed in equal amount by the two 
germ cells, it is logical to conclude that this substance is the seat of 
the hereditary growth energies. 

(4) The fact that, despite considerable differences in other 
respects in their cell divisions, animals and the higher plants show 
essentially the same behavior of the chromosomes. 

(5) The experiment, first made by Boveri, 1895 ( Ueber die 
Befruclztungs- und Entwickelungsfahigkeit kernloser Seei'gel-Eier), 
of fertilizing with a spermatozoon the cytoplasm of an egg cell 
deprived of its nucleus. Such a fertilized egg fragment develops, 
but shows purely parental characters, probably because all mater
nal chromatin had been eliminated. And two recent papers by 
Boveri ( Ueber mehrpolige Mz'tosen, etc., 1902 ; Ueber den Einjluss 
der Samenzelle azif die Larvencharaktere, 1903) have shown, with 



10 MONTGOMERY-CELLULAR B.t\SIS OF I-IKREDITY. [Jan. 15, 

their keen critical analysis of the experiments, that the chromatin 
alone can be considered the bearer of the hereditary traits. 

From all these results it is concluded that the chromatin is the 
seat of the hereditary growth energies. 1 

And from another point of view this is rendered probable. The 
microchemical study of the cell has shown that the chromatin is 
the most active substance concerned in cellular metabolisrp; and 
experimental work, particularly that of Verworn, shows that a cell 
deprived of its nucleus, and hence of its chromatin, is unable to 

. build up new substances. The chromatin accordingly, as it is 
transmitted from generation to generation, carries with it certain 
definite metabolic energies characteristic of the species. And from 
this view there is good reason to consider the idea of Delage (La 
structure du protoplasm a et !es tlteories sur l' Heredite, 189 S) to 
be in the main correct, namely, that the offspring is like the parent 
because it has similar metabolic energies. 

v. 
There is another series of facts known about the behavior of the 

chromatin, the hereditary substance, in the germ cells, and a few 
of them will be touched upon. Oscar Hertwig showed, in I 875 
(Beitrage zur Kenntniss der Bildung, etc., des tierisclzen Eies), that 
the fertilized egg cell contains two nuclei, one belonging to the egg 
cell itself and one introduced by the spermatozoon. Then Van 
Ben eden ( l. c.) demonstrated that the spermatozoon brings in just 

i It has been argued by an English writer whose name escapes me, as does 
the title and date of h is paper, that the linin is the hereditary substance. 
Active chromatin is never disassociated from linin, but there is always a sub
stratum of linin in each chromosome, and in the rest stage the chromatin is 
always supported upon linin strands. Hence it was argued that the linin is like
wise equally distributed in cell division. This is a good point, but there is a 
strong objection to it. \Vhen the daughter chromosomes separate, in the ana
phase, the linin becomes pulled out between every two corresponding chromo
somes as a connective fibre, and in the reconstruction of the daughter nuclei the 
greater portion of such a fibre is not taken up again into the nuclei. And this 
fact cannot be used in favor of the intracellular pangenesis theory of de Vries, 
whereby pangenes are hypothetically supposed to wander out of the nucleus and 
so determine the differentiation of the cleavage cells, for the connectiYe fibres 
appear to behave alike in all cell divisions. Thus of the two constituents of 
the chromosomes, at each cell division some of the linin becomes displaced into 
the cytoplasm, but all the chromatin passes into the nucleus. 
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as many chromosomes, and that their mass is the same, as those con
tained in the egg. Further, it is proved that in normal fertiliza
tion only one spermatozoon enters the egg, and that when more 
than one enters the development is abnormal. The proof that 
both egg chromosomes and sperm chromosomes have an approxi
mately equal role in determining the growth of the embryo has 
been shown by Boveri (l. c.) by crossing different species of sea
urchins, and by analyzing the results of fertilizing an egg with two 
or more spermatozoa. 

Now each act of fertilization would necessarily double the nor
mal number of chromosomes, since the spermatozoon introduces as 
many as are already present in the egg, were there not some pro
cess to obviate this. There is such a process, and it is known as the 
" reduction in number of the chromosomes." The last two di vis
ions of the germ cells, preceding the act of fertilization and pre
paring them for it, are known as the maturation divisions; and it 
has been known for some fifteen years past that in these divisions 
each germ cell has only one-half the normal number of chromo
somes. It is also proven that the ripe egg cell, as well as the ripe 
spermatozoon, has only one-half the number of chromosomes char
acteristic of the species. It is further known (since the work of 
Henking and of 0. Hertwig. in 1890) that the processes involved in 
producing this result are essentially the same in both germ cells. 
Accordingly, by this preliminary halving of the number in each 
germ cell before fertilization, the germ cells on conjugation each 
contribute only one-half the normal number, with the result that 
the normal number is restored. But this preliminary reduction in 
number has a broader meaning than this. 

Before the first maturation division of the germ cell is accom
plished there takes place a pairing of the chromosomes, so that 
fostead of, e.g., four single (univalent) chromosomes there are two 
double (bivalent) ones (Montgomery, Spermatogenesi's of Peripa· 
tus, 1899). These become so arranged that one of the two matu
ration divisions results in separating chromosomes that are split 
longitudinally, just as in any other cell division ; but the other 
maturation division removes entire chromosomes from each other 
by separating the two chromosomes of each pair, and thereby 
reduces the number of the chromosomes to one-half. That is 
definitely known for certain species. 
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But how account for the preliminary pairing of the chromo
somes ? It is apparent that each spermatozoon may be called 
paternal, but not male, and each egg cell maternal, but not female, 
for the following reason : We have seen that each organism formed 
by fertilization has a fixed number of chromosomes, half of which 
were derived from the spermatozoon and half from the egg cell. 
The germ cells that develop within that organism, be they sperma
tozoa or egg cells, accordingly have an equal number of chromo
somes from each parent. Therefore, the spermatozoon contains 
maternal as well as paternal chromosomes, and the egg cell pater
nal as well as maternal chromosomes. And, therefore, each germ 
cell has in equal measure the hereditary substance of both its 
parents. 

Now the process of pairing of the chromosomes, which we found 
to be an initial step to their reduction in number, has been proved 
to be a pairing of paternal with maternal chromosomes (Mont
gomery, A Study of the Clzromosomes ef tlze Germ Cells cf the 
Metazoa, 1901 ). In a particular generation of the sperm cell it 
was demonstrated (and not merely ''surmised,'' as stated by another 
worker) that paternal chromosomes pair with maternal ones, form
ing thus double rods instead of single ones; it is probable, but not 
yet demonstrated, that likewise in each egg cell, of the correspond
ing generation, paternal chromosomes pair with maternal. Thus 
in the reduction division, which displaces the two elements of a 
pair, a maternal chromosome separates from a paternal in each 
pair, but not so that all the paternal chromosomes pass into one 
cell and all the maternal into another. 

These facts which we have learned about the chromatim lead to 
a conclusion that for its probability approaches a fact. That is, 
that the different chromosomes in a germ cell have each their par
ticular values. Roux ( Ueber die Bedentung der Kerntheilu.ngs
jiguren, 1883) was the first to postulate that the chromatin cannot 
be hereditarily the same throughout the length of a chromosome, for 
otherwise its equal longitudinal splitting would be without mean
ing. In other words, each particular portion of a chromosome 
would represent a particular hereditary value. Not only is this 
probable, but it is also probable that one chromosome has heredi
tary values not found in the others. For we have seen that each 
germ cell has a set of maternal and a set of paternal chromosomes, and 
that in a particular generation those of the one set pair with those 



1904.] MONTGOMERY-CELLULAR BASIS OF HEREDITY. 13 

of the other (Montgomery, l. c.; Sutton, The Cliromosomes in 
Heredity, 1903). The two that pair are of corresponding vol
ume (as brought out especially by Sutton), and sometimes of cor
responding form (Montgomery, in a paper now in press). Because 
they are thus similar in volume and form, it is at least possible that 
they are similar in hereditary value. So Sutton has ably argued 
that when the two of a pair, a maternal and paternal chromosome 
-0f corresponding volume, separate from each other in the reduc
tion division, chromosomes of like hereditary quality become sepa
rated into separate cells, so that no mature germ cell shall contain 
before fertilization two chromosomes having similar hereditary 
values. And this is the best reason yet given in explanation of the 
peculiar reduction division. 

VI. 

Finally, we may ask how far these facts agree with the germ
plasm theory of W eismann. 

Some eighteen years ago, Carnoy (La cytodierese chez les arthro
podes, 1885) showed, and he was the first to do so, that two kinds 
of cell division occur, namely, a transverse splitting of the chro
mosomes and a longitudinal splitting. That transverse splittings of 
chromosomes should occur was directly opposite to the prevalent 
view of the time, to the effect that only longitudinal divisions take 
place. Carnoy was far ahead of his day, and while this most im
portant memoir of his then and for years afterwards met with only 
rather scornful criticism, we must now grant him his proper place as 
the discoverer of the reduction divisions. 

Weismann, in 1887 ( Ueber die Za!tl der Richtungskorper und 
ueber ihre Bedeutung fur die Vererbung), prophesied, clearly with
out knowledge of Carnoy's work, and in conformity with the ideas 
of Roux (1883, l. c.), that in addition to the longitudinal splitting 
of the chromosomes, the " hereditary equal division," there would 
be found to occur in certain generations of the germ cells a 
"hereditary unequal division," either by a transverse division of 
the chromosomes or by a separation of entire chromosomes from 
each other. A number of the students of the maturation phe
nomena of the germ cells have empirically demonstrated this. 
Weismann's reduction division is the one where entire chromo
somes become separated from each other. Equally, confirmation 
has been brought of another of his cardinal postulates, the con-
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tinuity of the germ plasm. To be sure it is known that the germ 
plasm, the chromatin, is not an eternally unchangeable substance, 
as Weismann at first postulated. But the chromatin persists from 
generation to generation; the continuity of the germ plasm is what 
to-day is being termed the continuity of the chromosomes, and 
these continue from generation to generation, maintaining their 
individuality, just as much as a particular cell of one generation 
may be said to be represented by a particular cell of another. 

Only some half dozen years ago, in the course o[ the conflict over 
the germ-plasm theory of Weismann, no workers upheld the occur
rence of the reduction division except the school at Freiburg and 
one or two others. There even appeared a paper, presuming to be 
decisive, entitled "The Facts of Chromosome Reduction versus 
the Postulates of Weismann" (J. E. S. Moore, 1897). Since that 
time there has been much new research and by the comparative 
method, perhaps the safest of all methods, and the mass of evidence 
is now strongly corroborative of Weismann's two cardinal postu
lates. So to-day Weismann can point to the actual confirmation 
of the fundamental portion of his germ-plasm theory. 
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A very considerable number of species of spiders of the families 
Lycosidre and Pisauridre have been described from North America, 
but for the most the descriptions have barely diagnostic worth. At 
the present time it is practically impossible to identify most of the 
species of Waickenaer, Blackwall, Hentz and some others, because 
some of their species are so insufficiently described that a particular 
description applies equally well to a number of species. By far the 
most thorough work so far is that of Keyserling. When the American 
species are better known than they are at present we shall be in better 
position to identify the species named by the earlier writers, for then 
the identification can be done by the process of elimination. The 
more deeply one enters into the closely intergrading species of the 
Lycosidre especially, the more doubtful seems to be the character of 
attempts to recognize poorly described forms. Nearly the whole 
southeastern section of the United States and the greater part of the 
region west of the Mississippi river have been untouched by modern 
arachnologists; with such a hiatus in the material for comparison, it 
would be unscientific to make sure of the status of species known only 
by inadequate diagnoses. It is right to attempt, as far as possible, 
to recognize the species of earlier writers, but not to uphold names when 
the type specimens are lost and when the type descriptions are not 
decisive. When all the species are known, the trial can be undertaken 
of determining the earlier species. 

The Lycosidre and Pisauriclre are particularly interesting groups 
because of the difficulties in the way of their study. Not only do 
the species intergradc closely, but there is very considerable individual 
variation apart from geographical variation, and the genera are as 
difficult to define sharply as arc the species. No groups are better 
adapted to prove the idea that the species, as the higher groups, are but 
concepts, and their delimitation necessary purely for purposes of de-

1 Contributions from the Zoological Laboratory of the University of Texas, 
No. 57. 
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scription and interpretation. What is needed above all, as the pre
liminary to any morphological or broad ethological study of them, 
are full and ample descriptions of the structure-of the external geni
talia, together with the form and proportions of the cephalothorax, the 
mouth parts and the legs. The number of the teeth on the tarsal cla,vs 
is of no value , for it is subject to great individual variation , as has been 
shown by my student, Mr. Carl Hartmann. The number of teeth 
on the chelicera is of more importance, but must be used cautiously 
and at the most as a specific character, for I have found a specimen 
of Trochosa purcelli where one cheliceron differed in the number of 
its teeth from the other. The number of spines on the joints of the 
legs may not be greatly subject to individual variation, but in very 
closely related species it may differ, as e.g., the spines of the ventral 
surface of tibia I in Pardosa. Characters of the relative position of 
the eyes are decidedly variable in different individuals of some species , 
apparently constant in some others. Again, some species, particularly 
of Trochosa and Pirata, show considerable secondary sexual structural 
differences. And the epigyna even, perhaps the best of any single 
structural character, are often variable in their form. 

In the present paper I give descriptions of the structure of all those 
species seen by me, with figures of the genitalia in those cases 'vhere 
they have not been figured before or where the figures have been badly 
made, and descriptions of the color and dimensions only in the case of 
new species or where preceding descriptions were not detailed. \Vb.ere 
such descriptions conflict with those of my previous papers, they are to 
be considered as emendations of the latter. In the measurements of 
the legs the coxre are included; and by the term "height of the head 
in front" is meant the distance from the inferior margin of the clypeus 
to the superior border of the eyes of the second row. Only writers 
who have given descriptions are included in the synonymical list of 
each species. All the species preyiously described by me are described 
again, but in their structure much more in detail than before; also 
all the species described by Emerton (1885), except his Lycosa nigro
ventris and Pirata insularis, are described; and in the Keys all the spe
cies from the continent of North America described by Keyserling 
(1876) are included. No species have been considered from the North 
American continent south of the United States. With great care I 
have gone over again the previous descriptions of all the species from 
this region, but unfortunately the following papers were inaccessible 
to me: Banks (1894a), Blackwall (1846, 1871), Cragin, Giebel (1869), 
Girard (1854) and Thorell (1872). Doubtless on account of these 
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missing papers some mistakes will be found to have crept into the 
identification of certain species. 

My thanks are due to the Academy of Natural Sciences of Phila
delphia, and to Mr. Witmer Stone in particular, for the loan of all of 
their type specimens; and especially to Mr. J. H. Emerton, \vho not only 
loaned me a considerable number of specimens, but also by correspond
ence aided me very materially in the question of the synonymy of cer
tain species: thus he pointed out the identity of his Pardosa brunnea, 
albomaculata and montana with species described by Thorell; of my 
Lycosa ocreata pulchra with his Pardosa bilineata, and of my Lycosa 
stonei with the Lycosa ocreata of Hentz. 

In regard to the genera I have employed, I must candidly admit 
that the delimitation of the genera was the most difficult part of the 
whole study. Simon (1898a) has withdrawn both 'Trochosa and Piro.ta 
into Lycosa, while I maintain their separateness, and this because these 
two genera intergrade no more closely with Lycosa than does Pardosa~ 

so that if Pardosa is to be upheld, the others must likewise be. It is 
a question of either making one large comprehensive genus, and for 
purposes of description subdividing it into a number of subgenera, or 
of recognizing as many genera. In either case the boundaries of the 
groups, be they called subgenera or genera, are equally difficult to 
define. A new genus, Geolycosa, is proposed for forms which differ 
from Lycosa by the length and thickness of the first pair of legs. Par
dosa is composed of rapidly running, usually or always diurnal species, 
of small size with great length of legs and large ocular area and small 
chelicera; they are essentially Lycosids which have become diurnal 
runners. Geolycosa is the very opposite, large forms with strong legs 
and jaws fitted for digging the deep cylindrical holes in which they 
live. Some of the species of Pirata are peculiar in forming small closed 
nests in which they pass the winter, little cups of silks attached to the 
under surface of stones. They are generally found close to \Yater. 
The species of 'Trochosa are nocturnal, living under stones, where they 
apparently make no excavations. Sosippus, according to Simon, 
builds a large \veb-sheeting. Aulonia has the habits of Pirata, and 
is closely related to it. Lycosa is for the most part nocturnal , and 
many of the species build shallow excavations lined with silk under 
stones; others are, in the breeding season at least, diurnal, such as 
scutulata and ocreata, and these are forms which approach Pardosa in 
their structure. So we find that the structure corresponds pretty 
closely to the habit: long legs in the diurnal species, high cephalic 
region in the running and digging species, and low in the sedentary 
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forms which do not form holes; weak chclicera and short labium asso
ciated with slender legs; large eye area is found in the diurnal species, 
while small eye area is associated with tubicolous forms and species 
with very short legs. So the genera here defined are based upon both 
morphological and ethological characters. 

Finally, this paper is by no means a -Oomprehensive monograph, 
but is intended to be a help to the one who comes later with sufficient 
material at his disposal to make the monograph. 

Family L YCOSID2E. 

Trochanters deeply emarginatecl below at their distal ends. Legs 
usually in the order IV, I, II, III. Inferior tarsal claw usually without 
teeth. Eyes homogeneous, usually unequal and in three rO\vs, the 
eyes of the first generally smaller than the others. Palpal tibia of O' 
\vithout apophyses. 

Family PISA URID.lE. 

With the characters of the Lycosidre, except that the palpal tibia of 
the O' has apophyses, that the inferior tarsal claws are usually toothed, 
that legs I, II and IV usually differ but little in length, and that the 
four posterior eyes arc more nearly in a line. 

KEY TO THE NORTH AMERICAN GENERA OF LYCOSIDJE. 

a. 1.-Tibia I with 5 ventral pairs of spines, eyes of the first row sub-
contiguous, . . . . . . . SOSILAUS. 

a. 2.-Tibia I w'ith 1-4 ventral pairs of spines, eyes of the first row not 
subcontiguous. 

b. 1.-Metatarsus IV in both sexes longer than the patella and 
tibia combined, eyes of the second row at least 1.5 times 
their diameter apart, sides of the head nearly or quite 
vertical, chelicera weak and nearly straight in front, 
dorsal eye area quite or almost one-quarter the length 
of the cephalothorax, . . . . P ARDOSA. 

b. 2.-vVithout such a combination of characters. 
c. 1.-Posterior spinnerets fully 1.5 times as long as the an

terior, chelicera weak with the anterior border nearly 
straight. 

d. 1.-Posterior margin of the chelicera with 4 teeth, 
SosIPPus. 

d. 2.-Posterior margin of the chelicera with 2 or 3 teeth. 
e. 1.-First eye ro\v quite or almost as broad as the 

second, labium longer than broad sides of 
head not vertical in the ~ , . . 'PIRATA. 



1904.] NATURAL SCIENCES OF PHILADELPHIA. 265 

e. 2.-First eye row shorter than the second, labium 
not longer than wide , sides of the head 
vertical, head projecting forward beyond 
the clypeus. 

f. !.-Metatarsus IV equal in length to the 
patella and tibia combined, dorsal eye 
area fully one-third the length of the 
cephalothorax, . . . . TRABJEA. 

f. 2.-l\Ietatarsus IV shorter than patella and 
tibia combined, dorsal eye area less 
than one-quarter the length of the 
cepha1othorax, . . . . AuLONIA. 

c. 2.-Posterior spinnerets little or not longer than the an
terior, chelicera usually robust with the anterior 
border arched. 

d. 1.-Leg I shorter than IV by not more than one-half 
the length of tarsus I, and thicker than the other 
legs, . . . . . . . . . . GEOLYCOSA. 

d. 2.-Leg I without such characteristics. 
e. 1.-Cephalothorax highest at the middle and the 

sides of the head oblique, first eye row 
fully or almost as broad as the second, legs 
usually short with short spines, TROCHOSA. 

e. 2.-Cephalothorax highest in the cephalic region, 
first eye row usually shorter than the sec
ond, legs usually long with long spines, 

LYCOSA. 

Genus SOSILAUS Simon, 18980. 

I have not seen this genus, which was created by Simon for a species 
(S. spiniger) from Louisiana. His diagnosis is: "Cephalothorax 
postice convexus, antice longe declivis et attenuatus, facie sat angusta, 
obliqua atque obtusa. Oculi quatuor antici inter se subcontigui, in 
lineam leviter recurvam, medii lateralibus saltem duplo majores. 
Oculi ser. 2 mediocres, inter se appropinquati, spatium transversum 
oculorum linea antica multo angustius occupantes. Pars labialis 
longior quam latior, attenuata et obtusa. Pedes sat longi, metatarsis 
tarsisque tenuibus longis haud scopulatis, tibiis anticis aculeis pronis 
5-5 metatarsis aculeis similibus 3-3 subtus armatis, aculeis que laterali
bus minoribus munitis." 

Genus AULONIA C. Koch, 1848. 

Aulonia humicola (Montg.). Pl. XX, fig. 33. 

Pirata humicolus Montgomery, 1902, 1903. 
?Pirata minutus Emerton, 1885. 

Numerous specimens from Pennsylvania and New Jersey. 
Eyes.-First row shorter than the second on each side by the full 
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diameter of one of its lateral eyes, its middle eyes slightly nearer to the 
lateral eyes than to each other, about double the size of the lateral 
and placed a little higher. Eyes of the second row very large, separated 
from each other by about four-fifths their diameter. Third eye row 
slightly wider than the second. Length of dorsal eye area to cephalo
thorax as 1 : 4.5. Quadrilateral of the posterior eyes broader than 
long. 

Form.-Cephalothorax in front less than one-half its greatest trans
verse diameter, low and flattened above, highest just anterior to the 
middle, its posterior declivity describing an angle of 45° \V-ith its dorsal 
contour. Sides of head vertical. Chelicera with 3 pairs of teeth~ 
shorter than the "\Yidth of the clypeus, their length about 1.5 times 
the height of the head in front. Posterior spinnerets about 1.5 times 
as long as the anterior, with the terminal joint longer than wide. 
Labium about as broad as long, rounded apically. Metatarsus IY 
shorter than patella and tibia combined . Length of leg IV to cephalo
thorax ( ~) as 3.4 : 1. The first two eye rows project forward beyond 
the clypeus. ~ palpal claw with 6 fine teeth. 

Comparisons.-This minute species agrees essentially with Simon's 
(1898a) diagnosis of Aulonia, except that the first row of eyes is less 
strongly procurved. It differs from Pirata, as I define it, in the sides 
of the head being vertical, and the labium being no longer than "·ide. 

Genus TRABlEA Simon, 1876. 

Trabooa aurantiaca (Emert.). Pl. XX, figs. 31, 32. 
A ulonia aurantiaca Emerton, 1885. 
Trabcea aurantiaca (Emerton), Simon, 1898. 

(1 O' from Massachusetts, collected by Mr. Emerton.) 
Eyes.-First row shorter than the second, eyes equal, middle eyes 

nearer to each other than to the lateral and higher than the latter. 
Eyes of the second row very large , on prominences, slightly less than 
their diameter apart. Third row slightly wider than the second, its 
eyes on prominences and directed backward. Dorsal eye area fully 
one-third the length of the cephalothorax. Quadrilateral of the pos
terior eyes as long as broad. 

Form.-Cephalothorax in front truncated and almost one-half its 
greatest transverse diameter, the cephalic portion projecting forward 
beyond the clypeus, highest at the ocular area. The sides of the head 
vertical, heacl narrower at the clypeus than at the level of the eyes of 
the second row. Chelicera with 3 pairs of teeth (not 2 as stated by 
Simon, 1898a), slender and weak, their length less than the greatest 
height of the head, but greater than the width of the clypeus. Labium 
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broader than long. Sternum longer than broad, pointed postcriorlr. 
Posterior spinnerets about twice as long as the anterior. Tarsi without 
scopulre; metatarsus IV as long as patella and tibia combined. Length 
of leg IV to cephalothorax as 4 : 1. 

Comparisons.-This genus approaches both Aulonia and Pardosa.. 

Genus PARDOSA C. Koch, 1848. 

The main distinguishing characters of this genus are those men
tioned in the Key, namely: Metatarsus IV longer than patella 
and tibia combined; eyes of the second row at least 1.5 times their 
diameter apart; sides of the head more or less vertical; chelicera weak 
and nearly straight in front (their length not more than one and 
three-fifths times the height of the head in front, with 3 pairs of teeth) ; 
and the dorsal eye area quite or almost one-quarter the length of the 
cephalothorax. Further, the cephalothorax is always highest at the 
posterior eyes, and in front not more than one-half its greatest trans
verse diameter; and the legs are long and slender with long spines, 
the fourth leg never less than 4.2 times the length of the cephalothorax, 
and very frequently the legs are proportionately longer in the female fi 
than in the males (the reverse being the case in the other genera). The 
labium is small, not one-half the length of the maxillre, and usually 
not longer than ·wide (except in rnercurwlis, glacial is and groenlandica). 
The posterior spinnerets are longer than the anterior, and the first eye 
row always shorter than the second. The QI palpal organ is usually 
very large. Tibia I has either 3 or 4 pairs of ventral spines. 

The relationships of the genus are with 'Trabcea and Lycosa. 

KEY TO SPECIES OF p ARDOSA. 

a. 1.-Dorsal eye area more than one-quarter the length of the ceplrn
lothorax, cephalothorax less than 3 mm. 

b. 1.-Coxre aboYe ·without spots, middle eyes of the first row 
largest, . . . . scita. 

b. 2.-Coxre aboYe spotted with black, eyes of the first row 
adequal. 

c. 1.-l\ledian thoracal band much narrowed behind the dor-
sal groove, body dark colored, . . minima. 

c. 2.-Median band of cephalothorax with nearly parallel 
margins, body pale colored, . . pallida. 

a. 2.-Dorsal eye area not more than one-quarter the length of the 
cephalothorax. 

b. 1.-Cephalothorax from 3.8-5 mm. in length. 
c. 1.-All the joints of the legs except the tarsi thickly coy-

ered with fine long hairs, groenlandica. 
c. 2.-Hairs on the legs short, . glacialis. 
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b. 2.-Cephalothorax from 2.2-3.5 mm. in length. 
c. 1.-Sternum not darker than the coxw,. . pauxilla. 
c. 2.-Sternum much darker than the coxre. 

cl. 1.-Cephalothorax "·ith distinct median and sub
marginal light bands. 

e. 1.-Cephalothorax in front one-half its greatest 
transverse diameter, fiavipes Keyserling. 

e. 2.-Cephalothorax in front less than one-half its 
greatest transverse diameter. 

f. 1.-Legs hairy, posterior half of abdominal 
clorsum \\ith scattered light spots, 

mercurialis. 
f. 2.-Legs with very few hairs, posterior half 

of abdominal dorsum with a row of 
5-6 large transverse light spots, 

nigropalpis. 
d. 2.-Cephalothorax without a light submarginal band, 

and with the median band indistinct, 
e. 1.-Coxre, trochanters and femora above darker 

than the other joints of the legs, 
lapidicina. 

e. 2.-Coxre, trochanters and femora not darker 
than the other joints of the legs, 

tachypoda. 

Pardosa pauxilla n. sp. Pl. XIX, figs. 22, 23. 

(Numerous males and females, Austin, Texas.) 
Eyes.-First row nearer the second than the margin of the clypeus, 

shorter than the second, the middle eyes higher and twice as large as 
the lateral. Eyes of second row largest, about 1.75 times their diame
ter apart. Dorsal eye area one-fourth the length of the cephalo
thorax. Quadrilateral of the posterior eyes wider than long. 

Form.-Cephalothorax in front truncated and not quite one-half its 
greatest transverse diameter, highest at the posterior eyes. The head 
is steep on the sides, proportionately much higher in the male. The 
chelicera are shorter than the width of the clypeus, "·eak, not more 
than 1.3 times the height of the head in front. Sternum longer than 
broad. Labium wider than long, apically rounded, less than one-half 
the length of the maxillre. The legs are long and slender, leg IV to the 
cephalothorax, 0' 4 : 1, ~ 4.2 : I ; metatarsus IV longer than the 
patella and tibia combined. Posterior spinnerets fully 1.5 times the 
length of the anterior. ~ palpal claw with 3 teeth. Four ventral 
pairs of spines on tibia I. 0' palpus large, quite as long as the cephalo
thorax, tibia and tarsus thickened, two rows of long hairs on the 
inferior surface of the femur; tibia and tarsus with long hairs on the 
median and lateral aspects. 
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Cephalothorax, 
Abdomen. 
Leg I , . , 
Leg II, . 
Leg III, 
Leg IV, 

Dimensions. <3' 
1.8 
2 
5.5 
5.4 
5 
7 

~ 

2 - 2.9 
2 - 3.5 
6.3-10 
5.5- 9.9 
5.4- 9.2 
8.8-13 
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Color of Males (in alcohol).-Cephalothorax deep black in the eye 
region and forehead, this black becoming brown more posteriorly; a 
median yellow band arises at the dorsal groove and passes back (be
coming gradually wider) to the posterior end of the thorax; on each 
side is a broad submarginal yellow band ; the extreme margin is black. 
Sternum clear yellow, or suffused with black on its anterior half. 
Abdomen above deep black or brown. In light individuals there is a 
median yellow band, broadest anteriorly, extending the whole length 
of the dorsum, bordered anteriorly by four pairs of small black dots~ 
and posteriorly banded by transverse lines of yellow wider than the 
band itself. In dark individuals the dorsum is deep black, with only 
a trace of the median band at the anterior end. Sides gray and the 
venter yellow in one specimen; in the others the venter is more or less 
blackish with a black mark at the genital aperture, and a broad median 
black band. Chelicera, maxillre and labium deep black to yellowish. 
Legs clear yellow without rings, with more or less black on the first 
femora. Palpi deep black. 

Color of Females (in alcohol).-Cephalothorax with the ocular region 
deep black and the forehead yellov•. A median yellow band arises 
narrowly between the third eyes, shortly behind enlarges to a diam
eter somewhat less than the distance between these eyes, narrows again 
in front of the dorsal groove, enlarges again very slightly around this 
groove, and then passes back, becoming narrower, to the posterior end 
of the thorax. Media-posteriorly from each eye of the third row a short 
brown line obliquely incises the median band. The median band is 
bordered on each side by a broader brown band transversed by radial 
lines of black. On each side is a broad submarginal yellow band, 
narrower than the contiguous brown band, which joins with its fellow 
of the opposite side below the anterior eyes. Sternum yellow like the 
coxre, sometimes with indistinct darker marginal markings. Abdomen 
above quite variable, either(l) with a broad shining yellow median band 
along its entire length, containing in its anterior half a narrower green
ish-yellow band terminating in a point at the middle, the latter band 
with four black spots on each margin; or (2) the greenish-yellow 
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median band is not enclosed by a broadN yellow one, and b('hind it is 
either a silvery (or yellowish) band "·ith scalloped margins extending 
back to the spinnerets, or else a series of contiguous spots of one of 
these colors, each containing a pair of minute black clots. The median 
light area of the dorsum is bordered on each side by a broader black 
band, mottled with yellowish. The sides are gray or yellowish, 
streaked with black. Venter grayish-yellow, spinnerets clear yello-w, 
epigynum reddish. Chelicera, maxillce and labium yellowish. Legs 
yellow, distinctly ringed with black or brown on all joints except the 
tarsi. Palpi yellow, sometimes \\ith black markings on the femora. 

Comparisons.-This species approaches most nearly to pallida and 
minima, but differs from both in genitalia and coloration. The sexes 
are very dissimilarly colored, and sometimes show great differences 
in size. 

Habits.-A common species, f0tmd ahvays near water, the males 
abundant. 

Pardosa mercurialis n. sp. Pl. XIX, figs. 20, 21. 

(Numerous specimens from Austin, Texas.) 
Eyes.-First row nearer the second than to the clypeal margin, 

straight, slightly shorter than the second, middle eyes largest, eyes 
equidistant. Eyes of second row largest, nearly twice their diameter 
apart. Third row widest, its eyes almost twice their diameter behind 
the second rmY. Dorsal eye area almost one-fourth the length of 
the cephalothorax. Quadrilateral of the posterior eyes slightly 
broader than long. 

Form.-Cephalothorax in front not quite one-half its greatest trans
verse diameter, highest in the cephalic region, sides of head steep. 
Chelicera weak, longer than the \\idth of the clypeus, with three pairs 
of teeth. Sternum longer than broad. Labium considerably less than 
one-half the length of the maxill~, slightly longer than broad, rounded 
apically. Posterior spinnerets longest. Legs very long and slender, 
metatarsus IV longer than tibia and patella combined; length of leg IV 
to the cephalothorax, Cl 4.8 : 1, ~ 5.8 : 1. Tibia I with four yentral 
pairs of spines. ~ palpal claw ·with three teeth. 

Color of Females (in alcohol).-Cephalothorax abm·e black in the eye 
area, followed by a broad reddish-yellow median band, which is con
stricted before the middle, enlarged to fully the diameter of the eye 
area around the dorsal groove (its widest portion), and narrowed to 
one-half that width behind the dorsal groove. There is a broad in
t errupted submarginal line of the same color, the region between these 
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yellow bands being blackish. Sternurn deep black, frequently with a 
median yellow band on its anterior half. Abdornen above intricately 
but distinctly patterned with black and greenish-yellO\v, as follows: on 
the anterior half of the dorsum is a broad median band, ending bluntly 
at the middle, yellow anteriorly and brown posteriorly and containing 
in its anterior portion a pair of short black stripes; behind this 
band are groups of small black dots on a yellow ground, the more pos
terior of them tending to form ill-defined transverse rows. The sides 
are yellow with black dots. The venter gray or yellow, blackish 
around the epigynum, sometimes with a narrow median blackish line 
that occasionally widens to form a spot in front of the spinnerets . 
Chelicera reddish-brown, maxillm and labium lighter. Legs above dis
tinctly banded with yellow and blackish on all the joints except the 
tarsi, the femora greenish below. Palpi yellowish. 

Color of Males.-Like the females, but somewhat darker, and 'vith 
the palpal tarsus black. 

In life the markings are gray and black, making the animal very pro
tccti vely colored; in alcohol the gray changes to yellow. 

Dimensi_ons. 6' ~ 

Cephalothorax, 3 3.2 
Abdomen, 3 4 
Leg I , . 11 13.5 
Leg II , 10.5 13 
Leg III, 10.2 13 
Leg IV, 14.5 18.5 

Comparisons.-This species comes closest to lapidicina Em., but is 
separable from it on account of the following characters: The posterior 
transverse plate of the epigynum is always much narrower, and the 
O' palpal organ with a large tooth not present in lapidicina; smaller 
absolute size, while the length of the legs is proportionately greater; 
the lighter coloring of the dorsal surface and the different abdominal 
pattern. 

Habits.-The most abundant Lycosicl in the vicinity of Austin, 
diurnal, and running with great swiftness. -Usually found close to 
water. 

Pardosa. pallida. Emerton. 

Pardosa pallida Emerton, 1885. 
Pardosa pallida Emerton, Montgomery, 1903. 

(1 ¥ from :Massachusetts.) 
Eyes (¥).-First row straight, nearer the second row than to the 

margin of the clypeus, eyes adequal and equidistant. Eyes of second 
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row largest, almost twice their diameter apart. Length of dorsal eye 
area to cephalothorax as 1: 3.75. Quadrilateral of the posterior eyes 
as long as "\vi de. 

Form ( ~ ).-Cephalothorax highest at the posterior eyes~ in front 
truncated and almost one-half its greatest transverse diameter, the 
sides of the head steep. Chelicera "\Yith 3 pairs of teeth, "\Yeak, as long 
as the width of the clypeus, their length 1.5 times the height of the head 
in front. Labium \Yider than long, apically truncated, not one-half the 
length of the maxillre. Sternum longer than broad, truncated behind. 
Posterior spinnerets nearly double the length of the anterior. l\Ieta
tarsus IV longer than the patella and tibia combined; leg IY to the 
cephalothorax as 4.4 : 1; tibia I with 3 pairs of wntral spines. 

Pardosa lapidicina Emerton. Pl. XIX, fig. 24. 

Pardosa lapidicina Emerton, 1885. 
Pardosa la]Yidicina Emerton, Montgomery, 1903. 

(Specimens from Wood's Hole, :Massachusetts.) 
Eyes.-First rnw shorter than the second, straight, equidistant from 

the second row and the clypeal margin, the middle eyes larger and 
nearer to the lateral eyes than to each other. Eyes of the second row 
largest, twice their diameter apart. Length of the dorsal eye area 
to the cephalothorax as 1 : 4.5. Quadrilateral of the posterior eyes 
decidedly broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and less than one-half its greatest transverse diameter, the sides 
of the head moderately steep. Chelicera with 3 pairs of teeth, shorter 
than the \vidth of the clypeus, in length 1.75 times the height of the 
head in front. Labium a little longer than "\vide, not one-half the 
length of the maxillre, slightly rounded apically. Sternum longer 
than broad. Posterior spinnerets longest. Metatarsus IV longer than 
the patella and tibia combined; length of leg IY to cephalothorax, 
~ 4.5 : 1, ~ 5 : 1. ~ palpal claw with 3 teeth. Tibia I with 4 
ventral pairs of spines. 

Pardosa scita Montg. 

Pardosa scita "tlfontgomery, 1902. 

(Specimens from Pennsylvania.) 
Eyes.-First rmv narrower than the second, much nearer the second 

row than to the margin of the clypeus, straight, middle eyes larger, eyes 
equidistant. Eyes of second row largest, t"\vice their diameter apart. 
Length of dorsal eye area to cephalothorax as 1 : 3.5. Quadrilateral 
of the posterior eyes slightly broader than long. 
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Form.-Cephalothorax highest at the posterior eyes, in front tnm
cated and less than one-half its greatest transverse diameter. Che
licera with 3 pairs of teeth, weak, nearly straight in front, shorter than 
the width of the clypeus, in length 1.3 the height of the head in front. 
Labium broader than long, apically rounded, not one-half the length 
of the maxillre. Sternum longer than broad. Posterior spinnerets 
nearly 1.5 times the length of the anterior. Length of leg IV to 
<iiephalothorax, d' 5 : 1; metatarsus IV longer than patella and tibia 
combined. Tibia I with 4 ventral pairs of spines. 

Pardosa minima (Keys.). 

Lycosa minima Keyserling, 1876. 
Pardosa albopatella Emerton, 1885. 
Pardosa albopatella Emerton, Stone, 1890. 
Pardosa minima (Keys.), Montgomery, 1902. 

(Specimens from Pennsylvania and Massachusetts.) 
Eyes ( d').-First row narrmver than the second, straight, slightly 

nearer the second row than to the margin of the clypeus, middle eyes 
nearer the lateral than each other. Dorsal eye area to cephalothorax 
as 1 : 3.5. Quadrilateral of the posterior eyes broader than long. 
Eyes of the second row largest, separated by 1.75 times their diameter. 

Form (d').-Cephalothorax highest at the posterior eyes, in front 
truncated and less than one-half its greatest transverse diameter, 
sides of head steep. Chelicera with 3 pairs of teeth, shorter than the 
width of the clypeus, in length 1.5 times the height of the head in front. 
Labium at the base as wide as long, truncated apically, not one-half the 
length of the maxillre. Sternum longer than broad. Posterior spin
nerets longest. Length of leg IV to cephalothorax as 4.3 : 1; meta
tarsus IV longer than patella and tibia combined. Tibia I with 4 
ventral pairs of spines. 

Comparison.-This species is most closely related to nigropalpis. 
The d' of minima can be readily distinguished from that of n1'gropalpis 
in having the palpal patella entirely white instead of deep black, in 
the different coloration of the legs, and in the difference in size of the 
eye area. But the females of the two are much more difficult to dis
tinguish, and there is no good structural difference in the structure of 
the epigyna. In the ~of minima it is the usual case that the palpal pa
tella has no dark spots below (they are usually present in nigropalpis); 
the sternum is bro-wn (never deep black) \vith a yellow median line 
anteriorly and a broader black one posteriorly and with some black on 
the margins (in nigropalpis in the majority of specimens deep black 
with a yellow median line anteriorly); the femora below usually yellow 
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spotted with black (in nigropalp1's usually blackish); finally the cepha
lothoracal median yellow band usually encloses a broad reddish-brown 
area at its anterior end (usually not so in nigropalpis). Of all these 
differences the only one that appears to be constant is the first. Min
frna averages smaller in size, but then nigropalp1:s is very variable in 
this respect; and nigropalpis has generally the dark annulations on 
the legs much more distinct, but some individuals of minima from 
Wood's Hole, "fassachusctts, haYe the legs just as distinctly banded. 

Pardosa glacialis (Thol'.). Pl. XIX, fig. 25 

Lycosa gl,acialis Thorell, 1872. 
Pardosa brunnea Emerton, 1885. 

(Specimens from Mt. Washington , Xew Hampshire.) 
Eyes.-First row narrower than the second, nearer to the second 

row than the clypeal margin, middle eyes larger and distinctly lower. 
Eyes of second ww largest, separated by fully 1.5 times their diameter. 
Dorsal eye area to cephalothorax as 1 : 4.5. Quadrilateral of the 
posterior eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front less 
than one-half its greatest transverse diameter, sides of head rather 
vertical. Chelicera with three pairs of teeth, longer than the breadth 
of the clypeus, in length 1.5 times the height of the head in front. 
Labium longer than broad, rounded at the tip, not one-half the length 
of the maxillre. Sternum longer than broad, pointed behind. Pos
terior spinnerets about 1.5 times as long as the anterior. Metatarsus 
IV slightly longer than patella and tibia combined, leg IV to cephalo
thorax as 4.3 : 1, the legs rather hairy ·with weak scopulre. ~ palpal 
cla'v with 4 teeth. Tibia I 'vith 3 yentral pairs of spines. 

Pardosa groenlandica (Thor.). 

Lycosa groenlandica Thorell, 1872. 
Pardosa albomaculata Emerton, 1885. 

(Specimens from Mt. Washington, New Hampshire.) 
Eyes.-First row shorter than the second, much nearer to it than to 

the clypeal margin, about straight, eyes adequal. Eyes of the second 
row largest, about 1.5 times their diameter apart. Dorsal eye area to 
length of cephalothorax as 1 : 4.5. Quadrilateral of the middle eyes 
broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front one
half its greatest transverse diameter, sides of the head steep. Chelicera 
with 3 pairs of teeth, in length more than the width of the clypeus and 
1.5 times the height of the head in front. Labium longer than broad, 
truncated apically, not one-half the length of the maxillre. Sternum 
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longer than broad, pointed behind. :Metatarsus IV longer than the 
patella and tibia combined. Leg IV to cephalothorax as 4.4 : 1. 
Posterior spinnerets 1.5 times the length of the anterior. ~ palpal 
claw ·with 5 teeth. The legs and upper surface of the body are thickly 
clothed ·with long, soft hairs. Tibia I with 3 ventral pairs of spines. 

Pardosa tachypoda Thor. PI. XIX, fig. 26. 
Pardosa tachypoda Thorell, 1872. 
Pardosa montana Emerton, 1885. 
Pirata procursus Montgomery, 1902. 

(1 ~ from Mt. Washington, New Hampshire.) 
Eyes (~).-First row shorter than the second and nearer it than to 

the clypeal margin, eyes adequal, middle eyes distinctly lower. Eyes 
of second row largest, about 1.6 their diameter apart. Length of 
dorsal eye area to cephalothorax as 1 : 4.2. Quadrilateral of the pos
terior eyes broader than long. 

Form ( ~ ).-Cephalothorax highest at the posterior eyes, in front 
decidedly less than one-half its greatest transverse diameter, sides 
of the head rather oblique. Chelicera with 3 pairs of teeth, as long as 
the width of the clypeus, rather strong. Sternum longer than broad, 
pointed behind. Posterior spinnerets longer than the anterior. 
Labium wider than long, rounded apically, not one-half the length of 
the maxillre. Third leg as long as the first; metatarsus IV longer than 
patella and tibia combined; leg IV to cephalothorax as 4.4 : 1. 

Pardosa nigropalpis Emerton. 

Pardosa nigropalpis Emerton, 188,). 
Pardosa nigropalpis Emerton, Stone, 1890. 
Pardosa nigropalpis Emerton, Montgomery, 1902. 

(Numerous specimens from Pennsylvania, Massachusetts, New 
Jersey and Austin, Texas.) 

Eyes.-First row shorter than the second, straight, nearer it than to 
the margin of the clypeus, middle eyes slightly larger and nearer the 
lateral eyes than to each other. Eyes of second row largest, 1.5 times 
their diameter apart. Dorsal eye area one-fourth the length of the 
cephalothorax. Quadrilateral of the posterior eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and less than one-half its greatest transverse diameter. Sides 
of the head steep. Chelicera with 3 pairs- of teeth, weak, nearly straight 
anteriorly, shorter than the width of the clypeus and 1.3 times the 
height of the head in front. Labium shorter than broad, rounded 
apically, not one-half the length of the maxillre. Sternum longer than 
broad, pointed behind. Posterior spinnerets fully 1.5 times the length 
of the inferior. I,ength of leg IV to cephalothorax, O' 4.5 : 1, ~ 5 : l. 
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Metatarsus IV longer than patella arnl tibia combined . Tibia I with 4 
ventral pairs of spines. ~ palpal claw ,,·ith 1 small tooth. 

Comparisons.-This species comes very close to Lycosa (Pardosa ~ 
fiavipes Keyserling, and appears to differ from it mainly in that the 
leg IV is not longer than I by double the length of metatarsus IY. 
Compare also P. minima. 

The Texas specimens are lighter than the northern ones, and the 
venter is often without black markings. 

Genus SOSIPPUS Simon, 1888. 

The North American species of this genus described by Simon (S. 
fioridanus) has not been seen by me. The posterior spinnerets arc 
longer than the anterior, with the apical joint as long or almost as 
long as the basal and garnished with fusules on its inner snrface; the 
labium is longer than wide and quite one-half the length of the maxillm; 
the posterior margin of the chelicera has 4 teeth. The face is vertical 
only in the plane of the anterior eyes. The legs are long. the anterior 
tarsi and metatarsi usually scopulatecl , metatarsus IV as long as the 
patella and tibia combined. First row of eyes broader than the second, 
the lateral eyes as large or larger than the middle ones. The integu
ment is covered with plumed hairs. The sides of the head are nearly 
vertical. 

Evidently this genus is most closely allied to Pirata. They spin a 
large web like that of an Agalena. 

Genus LYCOSA Latreille, 1804 (ad partem). 

l have followed Simon (1898) in defining this genus, except that I 
have excluded from it Pirata and Trochosa. 

The main characters are the following: The cephalothorax is highest 
in the cephalic portion (except in the O' of charonoides), and the sides 
of the head usually only moderately oblique; the first eye row is 
shorter than the second (except in inhonesta and in the O' of charo
noides); the eyes of the second row are never separated by more than 
1.5 times their diameter; the chelicera are robust and their length is 
11sually quite twice the height of the head in front (except in the Pardo
soid species bilineata, relucens and ocreata) ; the posterior spinnerets 
are shorter, or but little longer, than the anterior (antelucana, mccooki, 
scutulata); tibia I has 3 pairs of ventral spines; the labium is shorter 
than one-half the length of the maxillre, but longer than wide (except 
in bilineata and scutulata); metatarsus IV is shorter than the patella 
and tibia combined (except in the O' of scutulata, antelucana and 
ocreata). The length of the dorsal eye area to the cephalothorax 
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varies from 1 : 4.5 to 1 : 7. The length of leg IV to the cephalotho
rax from 2.7 : 1 to 4.7 : 1. The legs are usually well scopulated. 

Lycosa intergrades very closely with Pardosa, and the species 
bilineata, relucens, ocreata and scutulata are quite intermediate. The 
relationship with Trochosa is equally close. More remote are the rela
tions to Pirata, yet P. elegans has a number of Lycosoid characters. 

KEY TO SPECIES OF LYCOSA. 

a. 1.-Abdomen above with a distinct, broad dark median band 
extending its entire length. 

b. 1.-Sternum black, . . punctulata. 
scutulata. b. 2.-Sternum yellow, . 

a. 2.-Abdomen not so colored. 
b. 1.-Cephalothorax smooth, without hairs, not more than 2.5 

mm. long. 
c. 1.-Eyes of the second row about 1.3 times their diameter 

apart, venter brown, . . . . . . nigra. 
c. 2.-Eyes of the second row not quite their diameter apart, 

venter yellow with a few brown spots, 
rugosa Keyserling. 

b. 2.-Cephalothorax haired, more than 2.5 mm. long. 
c. 1.-Cephalothorax with a very narrow median light band, 

inhonesta. 
c. 2.-Cephalothorax ·with a broad median band. 

d. 1.-Cephalothorax 5 mm. or more in length. 
e. 1.-Eyes of the second row fully 1.5 times their 

diameter apart, . . pictilis. 
e. 2.-Eyes of the second row about their diameter 

apart. 
f. 1.-Cephalothorax less than one-quarter 

longer than broad, 
pulchra Keyierling. 

f. 2.-Cephalothorax decidedly more than one
quarter longer than broad. 

g. 1.-Legs not annulated, abdomen with a 
<lorso-median light band extend
ing its entire length and including 
a dark band in its anterior half, 

lepida. 
g. 2.-Legs distinctly annulated, abdo

men not so colored. 
h. 1.-Median band of the cephalo

thorax not or scarcely con
stricted anterior to the medi
an groove, . . mccookii. 

h. 2.-Median band of the cephalo
thorax deeply constricted an
terior to the median groove. 

i. 1.-Venter light, euepigynata. 
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L 2.-·venter black. 
j. 1.-Legs pale yello"w, first 

pair not annulated, 
antelucana. 

j. 2.-Legs deep brown, all 
pairs clearly annu
lated "\\ith black, 

insopi:tci. 
d. 2.-Cephalothorax less than 5 mm. long. 

e. 1.-Eyes of the second row only one-half their 
diameter apart, . . modesta Keyserling. 

e. 2.-Eyes of the second row quite 1.5 times their 
diameter apart. 

f. 1.-Sides of the cephalothorax yellow, sub
marginal band very distinct, sternum 
not darker than the legs, . bilineata. 

f. 2.-Sicles of cephalothorax black or blackish, 
submarginal band indistinct, sternum 
darker than the legs. 

g. 1.-Legs distinctly banded, dorso-me
dian band of the cephalothorax 
constricted at its middle, ocreata. 

q. 2.-Legs not distinctly banded, dorso
median band of the cephalothorax 
not constricted at its middle, 

relucen.s. 
e. 3.-Eyes of the second row about their diameter 

apart. 
f. 1.-Metatarsus IV fully as long or longer than 

patella and tibia combined. 
g. 1.-Cephalothorax in front little more 

than one-third its greatest trans
verse diameter, almost one-third 
longer than broad, venter yellmv
ish with small brown spots, 

rufa Keyserling. 
g. 2.-Cephalothorax in front almost one

half its greatest transverse diam
eter, one-quarter longer than 
broad, venter reddish with an in
distinct dark spot surrounding the 
epigynum and extending to the 
middle, . xerampelina Keyserling. 

f. 2.-Metatarsus IV shorter than patella and 
tibia combined. 

g. 1.-Legs distinctly annulated, cephalo
thorax 3.3 mm. long, 

mackenziana Keyserling. 
g. 2.-Legs not annulated, cephalothorax 

4.3 mm. long, charonoides. 
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Lycosa euepigynata n. sp. Pl. XVIII, figs. 1, 2. 

(Numerous specimens from Austin, Texas.) 

279 

Eyes.-First row equidistant from the clypeal margin and the second 
row, shorter than the second (the middle points of its lateral eyes fully 
or almost as lateral as the middle points of the lateral eyes of the sec
ond row), its middle eyes higher than and double the size of the lateral. 
Eyes of second row largest, not quite their diameter apart. Eyes 
of third row about one and a half times their diameter behind the. 
second row. Dorsal eye area about one-fifth the length of the 
cephalothorax. Quadrilateral of the posterior eyes broader than long. 

Form.-Cephalothorax in front truncated nearly straight and in the 
~ about one-half its greatest transverse diameter (less in the <J), high
est between the posterior eyes and the dorsal groove. Sides of head 
steep. Chelicera longer than the width of the clypeus, about 1.75 
times the height of the head in front, with 3 pairs of teeth. ~ palpal 
claw with 4 teeth. Sternum longer than broad. Labium longer than 
broad, truncated apically, not one-half the length of the maxillre. 
Anterior spinnerets longest. Legs rather slender, metatarsus of IV 
shorter than patella and tibia. Length of leg IV to cephalothorax, 
<J 4.1 : 1, ~ 3.5 : 1. 

Cephalothorax, 
Abdomen, 
Leg I, . 
Leg II, 
Leg III, 
Leg IV, . 

Dimensions. c-· 
6.5 
7 

22 
20 
19 
26 

Q 

...,. <") 

I • ..:> 

10 
21.5 
19.8 
19 
26 

Color (in alcohol).-Cephalothorax with a broad median buff band 
arising at the posterior eyes and extending back (becoming gradually 
broader) to just in front of the middle of the dorsum where it is as 
broad as the eye area; just in front of the dorsal groove it is deeply 
incised laterally, it expands around this groove (where it is broadest), 
it is notched behind the groove and from there continues back as a 
narrower band; this band usually contains two pairs of minute black 
spots in its anterior third. On each side of this median band is a deep 
brown or blackish band, in its middle wider than the median band and 
with lobed lateral margins; the posterior sides of the median band are 
edged with deep black. Each cheek has a buff submarginal mark, and 
the sides of the thorax have large submarginal marks of the same color 
and of irregular shape, separated by lines of blackish radiating from the 
dorsal groove. The anterior eye area is black; the extrPme margin of 
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the thorax blackish. Stcrnwn ycllmYish or reddish-brown, darker than 
the cox:::e. Abdomen above deep brown or reddish-brown, on its an
terior half a slightly darker median band which is widest at its anterior 
t~ncl, has a pair of short lateral diverticula at its middle, and terminates 
posteriorly in a transverse arc. On the posterior dorsum is a series 
of four transverse arches, which become posteriorly successively smaller, 
each in its anterior portion of the same color as the median band, 
bt1t posteriorly narrowly edged with whitish. At each antero-lateral 
margin of the clorsum is a black mark of a U-shape, with the bend of 
the U directed media-anteriorly, and on a line with each of these marks 
a row of four to six black spots which extend on each side of the dorsum 
back to the spinnerets; the first two of these spots are largest and 
ahvays the most conspicuous, and sometimes all the spots of one line 
are connected so as to form a broken, longitudinal black line. The 
sides are deep bro\\11 mottled with spots of the same color as the me
dian band. The venter has a band of yellowish extending from the epi
gastric slit to the spinnerets, which is in front almost as broad as the 
lung area but behind becomes slightly narrower; within this light 
band are two parallel longitudinal rows of small blackish spots, most 
distinct on the anterior half of the venter, and never extending back 
quite as far as the spinnerets. Epigynum deep reddish-bro\\11. Spin
nerets chocolate-brown. Chelicera deep reddish-brown or black, ·with 
black and white hairs, the macula pale red; maxi'.llce and labium lighter 
with yellowish tips. Legs distinctly banded above, less distinctly 
below, with black and buff on the femora, patell:::e blackish proximally 
and buff distally, tibi:::e blackish at the ends and buff at the middle, 
tarsi and metatarsi blackish. 

Comparisons.-Cf. L. insopita. 
Habits.-Abundant near Austin, under stones near water. The 

males most numerous in January. 
Lycosa insopita n. sp. Pl. XVIII, figs. 3, 4. 

(Numerous specimens of both sexes from Austin, Texas.) 
Eyes.-First row narrower than the second, but the middle points of 

its lateral eyes more lateral than the middle points of the eyes of the 
second row, nearer the second row than the clypeal margin, its middle 
eyes higher and larger than the lateral. Eyes of the second row largest 
in the ~ ' slightly more than their diameter apart, not quite in the o'. 
Third row widest, its eyes slightly more than their diameter behind the 
second row. Dorsal eye area less than one-fifth the length of the 
C8phalothorax. Quadrilateral of the posterior eyes distinctly wider 
than long. 
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Form.-Cephalothorax in front truncated nearly straight, about 
one-half its greatest transverse diameter, highest at the posterior eyes 
(in the <3' behind the middle), sides of the head steep. Chelicera 
longer than the clypeus wide, about 2.5 the height of the head in front, 
with three pairs of teeth. Sternum longer than broad. Labium 
longer than broad, more than one-half the length of the maxillre, 
slightly concave apically. Spinnerets equal in length. Legs short, 
leg IV to cephalothorax in <3' 3.6 : 1, in ~ 3.2 : 1. ~ palpal claw with 
6 teeth. 

D1:mensions. <3' ~ 

Cephalothorax, 7.3 8 
Abdomen, 6 10 
Leg I, . 24 22 
Leg II, 22 20.5 
Leg III, 20 20 
Leg IV, 26.5 25.5 

Color of Q (in alcohol).-Cephalothorax above dark reddish-brown, 
with a median paler red band arising at the second eye row, enlarging 
behind the eye area to a width equal to that of the second eye row, 
constricted deeply a little before the middle, enlarging again (to its 
greatest diameter) around the dorsal groove where its margins are 
dentated, and behind this groove terminating very narrow. There is 
a broad, interrupted submarginal band of the same color on each side. 
Sternum deep reddish-brown like the ventral surface of the coxre. 
Abdomen above with a large black spot at the anterior end on each side 
of the mid-line, and from each of these spots a blackish, interrupted 
band passes back along the margin of the dorsum almost to the spin
nerets; in the mid-line a series of five triangular and contiguous black 
markings, decreasing in size posteriorly, and the most anterior placed 
just anterior to the middle; the remainder of the dorsnm is purplish
gray with minute black spots. The sides are finely mottled ·with pur
ple-gray and brown; the whole venter black spotted laterally with 
brown, lung-books orange, epigynum deep reddish-brown, spinnerets 
brown. Chelicera black, labium and maxillm the same but with light 
tips. Legs above and below distinctly annulated on all joints with 
black and yellowish. Palpi colored like the legs. 

Color of O' .-Like the ~,except that the whole venter is black (with 
the exception of the lung-books); and that the abdominal dorsum has 
on each margin a broad band of black extending its entire length, the 
area between these brands being gray with transverse lines of black 
in its posterior half. 
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Comparisons.-This species comes closest to L. euepigynata, but 
differs from it in slightly shorter relative length of legs, in greater rela
tive width of cephalothorax (in insopita less than one-quarter longer 
than broad, in euepigynata decidedly more than one-quarter), in the 
dark coloration of the venter, and in the structure of the genitalia. 
It differs also from L. purcelli, the epigynum of which i~ very similar, 
in the slightly greater relative length of the legs, in greater size, and 
markedly in the coloration. 

Habits.-Less abundant than the preceding, and found in drier 
localities. They live under stones, where the female makes a shallo"
horizontal burrow lined with silk. 

Lycosa antelucana n. sp. PL XVIII, figs. 5, 6. 

(Numerous specimens from Austin, Texas.) 
Eyes.-First row almost upon the clypeal margin, shorter than the 

second (but middle points of its lateral eyes as far lateral as middle 
points of eyes of the second row), its eyes equidistant, with the middle 
eyes decidedly larger and slightly higher than the lateral. Eyes of 
second row largest, almost or wholly their diameter apart. Third 
row little broader than the second, its eyes about 1.5 their diameter 
behind that row. Dorsal eye area about one-fifth the length of the 
cephalothorax. Quadrilateral of the posterior eyes nearly as long as 
broad. 

Form.-Cephalothorax slender, in front truncated in Cf and some
what rounded in 9, fully one-half its greatest transverse diameter ( ¥) 
or less ( e)' highest at the posterior eyes with the sides of the head 
steep. Chelicera fully 2.3 times the height of the head in front, in the 
9 shorter than the width of the clypeus, with 3 pairs of teeth. Ster
num longer than broad. Labium longer than broad, less than one-half 
the leBgth Of the maxillre, apically truncated. Cf palpal organ rela
tively small. Posterior spinnerets slightly longer than the anterior. 
Length of leg IV to cephalothorax, Cf 4.1 : 1, 9 3.2 : 1. In the Cf, 
but not the 9 , the metatarsus IV is slightly longer than the patella 
and tibia combined. 9 palpal claw with 4 teeth. 

Cephalothorax, 
Abdomen, 
Leg I, . 
Leg II, . 
Leg III, 
Leg IV, 

Dimensions. e 
6.8 
6.5 

22.5 
21 
20.5 
28 

~ Q 

6.5- 8.5 
6.5-11 

16.5-23 
16 -21.5 
15.5-20 
21 -29 

Color of Females (in alcohol).-Cephalothorax pale bro\vn , with a 
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median buff stripe (white at its anterior end) arising as a narrow band 
in the eye area, enlarging between this region and the dorsal groove, 
largest around the dorsal groove (where its greatest diameter about 
equals the width of the eye area), and narrowed again behind the 
dorsal groove. To each side of the anterior part of this band, parallel 
to it and median to each eye of the third row, is a much narrower buff 
line. From the dorsal groove deep brown lines radiate to a submar
ginal, dentated buff band. Sternum black. Abdomen above with a 
black-edged, brown median band which terminates bluntly about the 
middle of the dorsum and is laterally dentate; behind this band are 
three or four transverse arches, each blackish anteriorly and whitish 
posteriorly, and between these arches are black spots in transverse 
rows; the rest of the dorsum is yellowish spotted and streaked with 
dark brown. The sides are buff, the whole venter deep black. Epi
gynum reddish-black. Chelicera, labium and maxillr.e deep blackish-red. 
Legs above yellowish, femora I and II with an indistinct darker longi
tudinal band on the median side, femora III and IV spotted with 
brownish, fourth pair of legs with a black ring at ench end of the tibia 
and at the distal end of the meta.tarsus1 these black markings being 
much more distinct on the ventral surface. Ventral surface of the 
coxre brownish-yellow or deep black. 

One female (the largest obtained) differed in coloration as follovvs: 
Cephalothorax chocolate-brown with the cheeks pale buff, this buff 
extending back as a narrow submarginal band to about the end of the 
anterior third of the cephalothorax, and succeeded by three to four 
indistinct buff spots. 

Color of Males (in alcohol).-Differ from the females in that the 
median stripe on the abdominal dorsum is much more distinct, and 
with a buff band contiguous to each side of it. Sternum, labium: 
maxillre and inferior surface of coxre chocolate-brown. 

Comparisons.-This species comes closest to L. inhonesta (Keys.), 
from which it differs: (1) In the first row of eyes being upon the 
clypeal margin; (2) in the head being relatively lower at the second 
row of eyes; (3) in the head of the female being rounded in front; 
·(4) in the color of the abdominal dorsum; and (5) to some extent in 
the genitalia. 

Habits.-Under stones, common in the autumn, but none found in 
the winter. 
Lycosa mccooki n. sp. Pl. XVIII, fig. 11. 

(Two females from Austin, Texas. Dedicated to Dr. Henry C. 
McCook, the eminent describer of the spinning habits of spiders.) 
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Eycs.-First row equidistant from the clypeal margin and the 
seconcl rmY, its eyes adequal and its middle eyes decidedly higher, 
shorter than the second row. Eves of second rmv much the largest, 
less than their diameter apart. v Third row widest, its eyes nearly 
twice their diameter behind the second row. Dorsal eye area almost 
one-quarter the length of the cephalothorax. Quadrilateral of the 
posterior eyes broader than long. Third row scarcely wider than the 
second. 

Form.-Cephalothorax in front about one-half its greatest trans
wrse diameter, highest at the posterior eyes, sides of the head steep. 
Chelicera 'vith three pairs of teeth, longer than the clypeus wide, their 
length barely 1.75 times the height of the head in front. Sternum 
longer than broad. Labium longer than wide, concave apically, about 
one-half the length of the maxillre. Posterior spinnerets longest. 
Leg nr to cephalothorax as 4.2 : 1, its metatarsus shorter than the 
patella and tibia combined. Palpal claw with 4 teeth. 

Cephalothorax. 
Abdomen, 
Leg I , 
Leg II, 
Leg IIL 
Leg IV, 

Dimensions. 

.5 
5 

1.5.5 
1.5 
15 
21 

Color (in alcohol).-Cephalotlzorax bwwn or blackish, "\Yhite between 
the eyes of the second row and a 1\-hite line below each of these eyes. 
A median buff or reddish-brmm band, almost as broad as the eye area, 
extends from the eye region along the whole length of the cephalothorax 
and is slightly constricted anterior to the dorsal groove. There is a 
narrow, undulating, buff submarginal band, and the extreme margin is 
black. Sternum brown or black, darker than the coxre. Abdomen with
out a median band, a large whitish or pale yellow spot covers almost 
the anterior third of the dorsmn, and behind it on the clorsum are 
5-6 pairs of smaller spots of the same color, the posterior ones appear
ing as transverse stripes due to the confluence of their component 
spots; each row of these light markings is bordered laterally by a broad 
black stripe. Sides mottled with black or gray. Yenter black in one 
specimen, mottled black and yello\\·ish in the other. Ep1'gynum yellow. 
Chelicera deep reddish-black, labiwn the same color "\Yith yellowish tip, 
maxillce reddish-brown or yellmYish. Legs with femora banded dis
tinctly \Yith brown and buff, and (most distinctly on the anterior 
pairs) with a longitudinal brown band on the posterior surface ; the 
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posterior two pairs 'With the tibia blackish at the ends and yellmv in 
the middle, the metatarsi yellow at the ends and blackish in the middle; 
each coxa below with an elongate yellow spot proximally. 

Comparisons.-Most nearly related to L. pfrtilis, but they differ 
noticeably in epigynnm and coloration. 

Lyoosa nigra Stone. Pl. XX, figs. 40, 41. 

Lycosa nigra Stone, 1890. 
Lycosa nigra Stone, Montgomery, 1902. 

(Of this species, hitherto known only by the ~, an adult e· and ~ 
were loaned to me by Mr. J. H. Emerton, collected in Long Island, 
New York.) 

Eyes.-First row shorter than the second, equidistant from the 
second row and the clypeal margin, straight, eyes equidistant, middle 
eyes slightly larger. Eyes of second row largest, almost 1.5 times 
their diameter apart. Eyes of third row fully twice their diameter 
behind the second ww, this row scarcely broader than the second in 
the CJ', distinctly broader in the ¥ . Dorsal eye are to length of cepha
lothorax as I : 4.75. Quadrilateral of the posterior eyes as broad as 
long in the CJ', broader than long in the Q . 

Form.-Cephalothorax in front rounded, almost one-half its greatest 
transverse diameter in the Q , not one-third this width in the 6'\, 
highest at the posterior eyes, sides of the head almost vertical in the 6'1 , 

more oblique in the Q. Labium distinctly longer than broad, narrow, 
not quite one-half the length of the maxillre, its sides almost parallel, 
obliquely truncated at the tip. Chelicera in length almost twice the 
height of the head in front , rather weak but arched anteriorly. Ster
num large, much longer than broad, continued between the pos
terior coxre. CJ' palpus almost as long as the cephalothorax. Legs 
rather stout, short, without sropulre, with very fe\Y hairs and short 
spines. Anterior spinnerets longest. Leg IY to cephalothorax, 
3.1 : I; metatarsus IV shorter than patella and tibia combined. 

Cephalothorax, 
Abdomen, 
Leg I, . 
Leg II, 
Leg III, 
Leg IV, 

Dim.ensions. C' Q 

.... <) 

'.0 

2.3 
2.8 
5 
4.5 
4.3 
7.2 

Color of Female (in alcohol).-Cephalothorax uniform shining black, 
hairless, with a reddish tone, clypeal margin a little lighter. Sternurn 
the same color_, also hairless. Abdomen above greenish-brown with a 
median yellO'w band on the anterior third , this band pointed at both 
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ends and narrO\dy edged with blackish; to each side of the mid-line 
is a row of about 6 small spots, the posterior ones connected by riarrow 
transverse lines of the same color. The sides are greenish-brown, 
flecked ventrally with yellow. Venter yellow with a median and a pair 
of closely approximated lateral blackish, longitudinal bands which 
converge as they pass caudad, but are separated from the spinnerets 
by an area of the same color as the sides; the lateral dark bands 
diverge around the epigynum and at some distance from it, but unite 
anteriorly close to the peduncle. Chelicera dark reddish-black v.ith 
few hairs, labium the same color \Vith yellow tip, maxillre brmrnish. 
Legs with the femora black (except for a yellow spot on the distal 
anterior surface of the first pair); coxre and trochanters blackish above 
but lighter below; the other joints light yellow, patellre and tibire of 
the first three pairs blackish below, fourth pair with the patella blackish 
below and the tibia with a blackish ring at each end and extending to 
the dorsal surface. Palpi with femora black, other joints yellow with 
some blackish ventrally. 

Color of Male (in alcohol).-Cephalothorax hairless, shining dark 
brown, a black stripe between the second and third eyes of each side. 
Sternum shining brown. Abdomen above with the median band bor
dered with small black dots, and enclosed in a broader bright yellow 
area which in its posterior two-thirds contains on each side a row of 
about 7 small black spots, each row more lateral than the median band, 
and the two rows meeting at the spinnerets. The sides are blackish, 
flecked with yellow. The venter is like that of the female, but the 
median dark band is lacking. Legs with femora darkest, these being 
greenish-brown, as are the trochanters; coxre yellow proximally; the 
other joints pale yellow without dark markings. Palpi greenish, the 
ventral surface of the patella and the distal end of the tarsus yellow. 

Comparisons.-This species is to be distinguished from L. rugosa 
(Keys.), another small species \\-ith hairless cephalothorax. in the 
structure of the pal pal organ; in the '\\-ide separation of the eyes of the 
second row; in the chelicera being considerably longer than the first 
patellre and arched in front; and in the different color of the abdominal 
venter. Hentz's L. funerea may be one of these species, but his de
scription and figure gives so insufficient a diagnosis that it is doubtful 
whether funerea can ever be recognized with certainty. 
Lycosa charonoides Montg. 

Lycosa charonoides Montgomery, 1902, 1903. 

(Specimens from Pennsylvania.) 
Eyes.-First row as broad as the second (O') or shorter (~),straight, 
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nearer the clypeal margin than to the second row, middle eyes not 
quite double the size of the lateral. Eyes of second row largest, their 
diameter apart (B) or slightly more ( Q ). Length of the dorsal eye 
area to the cephalothorax, B I : 6, Q I : 5.5. Quadrilateral of the 
posterior eyes broader than long. 

Form.-Cephalothorax highest behind the middle ( B) or equally 
high there and at the posterior eyes ( ~ ) , its posterior declivity abrupt 
and steep, in front truncated straight and less than one-half its greatest 
transverse diameter. Chelicera with 3 pairs of teeth, longer than the 
width of the clypeus, their length fully twice the height of the head 
in front. Labium longer than broad, truncated apically, not one-half 
the length of the maxillre. Sternum longer than broad, with few hairs, 
pointed posteriorly. Leg IV to cephalothorax, B 3.5 : 1, ~ 3.8 : I; 
metatarsus IV shorter than patella and tibia combined. ~ palpal claw 
with 3 teeth. 

Lycosa lepida (Keys.). 

Tarentula lepida Keyserling, 1876. 
Lycosa communis Emerton, 1885. 
Tarentula lepida Keys., Marx, 1889. 
Lycosa communis Emerton, Stone, 1890. 
Lycosa lepida (Keys.), Montgomery. 1902, 1903. 

(Numerous specimens from Pennsylvania, New Jersey, ::.\Iassachu
setts, Texas.) 

Eyes.-First row nearer to the clypeal margin than to the second 
row, its eyes equidistant, middle eyes larger and slightly higher. Eyes 
of the second row largest, more than their diameter apart. Length 
of dorsal eye area to cephalothorax as I : 5.5. Quadrilateral of the 
posterior eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and fully ( Q ) one-half or less ( B) its greatest transverse diam
eter, the sides of the head rather steep. Chelicera with 3 pairs of teeth, 
as long as the width of the clypeus, their length more than twice the 
height of the head in front. Labium longer than broad, truncated 
apically, not one-half the length of the maxillre. Sternum longer 
than broad. Spinnerets equal in length. Len.gth of leg IV to cephalo
thorax, B 4.2 : 1, Q 3.3 : 1; in the B metatarsus IV is almost as 
long as the patella and tibia combined, but shorter in the Q. ~ palpal 
claw with 4 teeth. 
Lycosa pictilis Emerton. Pl. XVIII, figs. 7, 8. 

Lycosa pictilis Emerton, 1885. 

(B, Q, Mt. Washington, New Hampshire.) 
Eyes.-First row shorter than the second, straight, eyes adequal, 
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<:'quidistant from the second rnw and the clypeal margin. Eyes of 
second row largest, about 1.5 times their diameter apart. Dorsal 
eye area to cephalothorax, 1 : 5 (~)or 1 : 5.5 (c:Y). Quadrilateral 
of the posterior eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated straight and more ( ~) or less ( d') than one-half its greatest 
transverse diameter. Chelicera large, vvith 3 pairs of teeth, longer than 
the width of the clypeus, their length fully 2.5 times the height of the 
head in front. Labium slightly longer than broad, truncated apically, 
not one-half the length of the maxillm. Sternum longer than broad, 
pointed behind. Spinnerets about equal in length. Length of leg IV 
to cephalothorax, d' 3.5 : 1, ~ 3.3 : 1; metatarsus IY shorter than 
patella and tibia combined. ~ palpal claw with 7 teeth. 

Lycosa punctulata Hentz. 

Lycosa punctu"lata Hentz, 1841. 
Lycosa punctu"lata Hentz, Emerton, 188.5. 
nee Lycosa punctu"lata Hentz, Stone, 1890. 

(Two females from Philadelphia, Pennsylvania.) 
Eyes.-First row shorter than the second, nearly straight, nearer 

the clypeal margin than the second row, middle eyes slightly larger and 
nearer the lateral eyes than to each other. Eyes of second rmv largest, 
their diameter apart. Dorsal eye area to cephalothorax as 1 : 5.5. 
Quadrilateral of the posterior eyes longer than wide. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and a little more than one-half its greatest transverse diameter, 
the sides of the head rather steep. Chelicera with 3 pairs of teeth, 
longer than the width of the clypeus, about one and four-fifths times 
the height of the head in front. Labium large, nearly as broad as 
long, slightly concave apically, not one-half the length of the maxillm. 
Spinnerets about equal in length. Length of leg IV to cephalothorax 
as 3.4 : 1; metatarsus IV shorter than patella and tibia combined. 
Palpal claw with 5 teeth. 

Lycosa ocreata Hentz. 

Lycosa ocreata Hentz, 1841. 
Lycosa ocreata Hentz, Emerton, 1885. 
Lycosa stonei Montgomery, 1902, 1903. 
nee Lycosa rufa Keyserling, 1876. 

(Numerous specimens from Pennsylvania, New Jersey, Massachu
setts, and Long Island, New York.) 

Eyes.-First row narrower than the second, a little nearer the clypeal 
margin than to the second row, middle eyes slightly larger and higher. 
Eyes of second row largest, 1.5 times their diameter apart. Dorsal 
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eye area to cephalothorax as 1 : 4.3. Quadrilateral of the posterior 
eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front one
half its greatest transverse diameter ( ~) or one-third ( o·) ' sides of 
head vertical ( O' ) or slightly oblique ( ~ ) , the anterior eye row over
arching the clypeus. Chelicera with 3 pairs of teeth, longer than the 
width of the clypeus, in length 1.5 times the height of the head in front, 
weak and but slightly arched anteriorly. Labium slightly longer than 
wide, somewhat rounded apically, not one-half the length of the 
maxillre. Sternum longer than broad, pointed posteriorly. An
terior spinnerets longer than the posterior. Leg IV to cephalo
thorax as 4. 7 : 1; metatarsus IV as long as tibia and patella 
combined.. ~ palpus with 4 teeth. Tibia I of O' with a brush of 
long stiff hairs. 

Lyoosa scutulata Hentz. 

Lycosa scutulata Hentz, 1841. 
Lycosa scutulata Hentz, Emerton, 1885. 
Lycosa scutulata Hentz, Stone, 1890. 
Lycosa scutulata Hentz, Montgomery, 1902. 

(Numerous specimens from New Jersey, Pennsylvania, and Austin, 
Texas.) 

Eyes.-First row narrower than the second, equidistant from the 
clypeal margin and the second row, straight or the middle eyes slightly 
higher, middle eyes a little larger than the lateral. Eyes of second row 
largest, fully ( O') or not quite ( ~ ) their diameter apart. Length of 
dorsal eye area to cephalothorax, O' 1 : 4.75, ~ 1 : 5. Quadrilateral 
of the posterior eyes longer than wide. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and almost ( ~ ) or less than ( O') one-half its greatest transverse 
diameter, sides of head steep, first two eye rows overarching the clypeus. 
Chelicera with 3 pairs of teeth, longer than the width of the clypeus, 
their length 1.75 times the height of the head in front. Labium longer 
than broad, widest at the distal half, apically truncated, not one-half 
the length of the maxillre. Sternum distinctly longer than broad. 
Superior spinnerets slightly longer.' Length of leg IV to cephalothorax, 
O' 4. 7 : 1, ~ 4.1 : 1; metatarsus IV slightly longer ( O' ) or slightly 
shorter (~)than the patella and tibia combined. ~ palpal claw with 
4 teeth. 

Remarks.-The Texas specimens differ from the northern ones in 
greater size, the ~ with a cephalothoracal length of 12 mm. 
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Lycosa bilineata (Emerton). 

Pardosa bilineata Emerton, 1885. 
Lycosa ocreata pulchra Montgomery, 1902. 

(Numerous specimens from Pennsylvania, New Jersey and 1\fa5'3a
chusetts.) 

Eyes.-First row shorter than the second, about equidistant from 
the clypeal margin and the second row, the middle eyes almost con
tiguous, larger and slightly higher than the lateral. Eyes of the second 
row largest and about 1.4 their diameter apart. Length of dorsal eye 
to cephalothorax as 1 : 4.5. Quadrilateral of the posterior eyes 
broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated straight and decidedly less than one-half its greatest transverse 
diameter, the sides of the head vertical and the two anterior rows pro
jecting in front of the clypeus. Chelicera weak with 3 pairs of teeth, 
their anterior margin nearly straight, longer than the width of the 
clypeus, their length about 1.5 times the height of the head in front. 
Labium longer than broad, apically truncated, not one-half the length 
of the maxillre. Sternum large, longer than broad. Spinnerets equal 
in length. Metatarsus IV shorter than patella and tibia combined; 
length of leg IV to cephalothorax, O' 4 : 1, ~ 3.8 : 1. ~ palpal claw 
with 3 teeth. Tibia I in O' with a thick brush of vertical hairs. 

Remarks.-Emerton's description of bilineata was so brief, that I 
did not consider it to be identical with my ocreata pulchra until Emerton 
called my attention to the probable identity; Emerton had described 
only the female. 

Lycosa inhonesta (Keys.). Pl. XX, figii. 38, 39. 

Tarentula inhonesta Keyserling, 1876. 
?Lycosa babingtoni Blackwall, 1846. 
Lycosa nidicola Emerton, 1885. 
Lycosa nidicola Emerton, Stone, 1890. 
Lycosa nidicola Emerton, Montgomery, 1902, 1903 
Lycosa tigrina McCook, 1878, 1893 (Plate 30). 
Lycosa tigrina McCook, Stone, 1890. 
?Lycosa vulpina Emerton, 1885. 
Lycosa inhonesta (Keys.), Montgomery, 1902. 

(Numerous specimens from Massachusetts, Pennsylvania, New 
Jersey and Austin, Texas.) 

Eyes.-First row nearer to the clypeal margin than to the second 
row, shorter or quite as long as the second, middle eyes higher and 
slightly larger. Eyes of the second row much the largest, about three
fourths their diameter apart. Eyes of the third row about twice their 
diameter behind the second row. Dorsal eye area about one-sixth 
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the length of the cephalothorax. Quadrilateral of the posterior eyes 
wider than long. 

Form.-Cephalothorax highest just behind the third eyes, in front 
slightly rounded and about one-half its greatest transverse diameter. 
Sides of head oblique. Chelicera with 3 pairs of teeth, longer than the 
width of the clypeus, their length 2.5 times the height of the head in 
front. Sternum longer than broad. Leg IV to cephalothorax, O' 4 : 1, 
Q 3.4 : 1; metatarsus IV shorter than patella and tibia combined. 
Q palpal claw with 3 teeth. Spinnerets about equal in length. Legs 
stout with weak scopulre. 

Remarks.-The Texas specimens offer as great variation in size and 
color as do the northern ones (cf. Montgomery, 1903). -Cnder stones 
in the bed of Shoal Creek, at Austin, where they are very numerous, 
two series of individuals may be distinguished: 

(1) Smaller ones of lighter color. Cephalothorax with the light 
submarginal band as distinct as the median. Abdomen above with a 
pale brown to orange median band extending the whole length of the 
dorsum, and enclosing in its anterior half a narrower darker band 
edged with black; each side of the dorsum is darker with a row of 
whitish spots that are frequently connected by transverse white lines; 
venter pale brown, unspotted or with small spots. Sternum and coxre 
darker brown to reddish-brown. Legs greenish or yellowish with 
darker annulations. Cephalothoracal length (Q) 7.5-8.5 mm. 

(2) Larger ones of darker color. Cephalothorax with the submar
ginal bands frequently interrupted or indistinct. Abdomen Yery dark 
above and with the pattern indistinct; venter frequently blackish, 
with numerous small black spots which are sometimes arranged in 
longitudinal rows; rarely the entire venter is deep black. Sternum 
and inferior surface of coxre reddish-brown to deep black. Legs dark 
brown with more or less distinct darker annulations; leg IV sometimes 
shows on the inferior surface deep black rings at both ends of the 
tibia and at the distal end of the tarsus. Cephalothoracal length ( Q ) 
8.5-11.5 mm. 

The intermediates between these two groups are not very numerous. 
The most constant color diagnostic is the very narrow light median 
band of the cephalothorax. 

This species is so variable that without a large series of individuals 
one might easily conclude that it included two species, namely, a 
smaller one (nidicola of Emerton) and a larger and darker one, with 
distinct annulations on the legs (inhonesta of Keyserling, tigrina of 
McCook). But there are no valid distinctions in the genitalia of the 



292 PROCEEDINGS OF THE ACADEMY OF [March, 

two, and they intergrade in size and color, so that I have concluded to 
regard them as one species. It is possible that Emerton's vulpina is a 
color variety of this species; but of i·ulpina I have seen only an adult 
male (labelled so by Mr. Emerton), and no adult female, so that I could 
not decide the point. 

Habits.-This is a species of moist ground and meadow land, and 
at Austin is very abundant under stones on the margin of Shoal Creek. 
The males and the young are more or less diurnal, the grown females 
nocturnal. 

Lycosa relucens Montg. 

Lycosa relucens Montgomery, 1902. 
Lycosa verisimilis Montgomery, 1902, 1903. 

(Specimens from Pennsylvania, Xew Jersey, and Austin, Texas.) 
Eyes.-First row straight, narrower than the second, nearer to the 

clypeal margin than to the second row, eyes adequal in size. Eyes of 
second row largest, about 1.5 times their diameter apart. Length of 
the dorsal eye area to the cephalothorax, (J 1 : 4.5, Q 1 : 5. Quadri
lateral of the posterior eyes broader than long. 

Form.-Cephalothorax highest at the posterior eyes, in front trun
cated and not one-half its great€st transverse diameter, sides of the 
head nearly vertical((]) or more oblique ( Q ), anterior margin of the 
head projecting slightly in front of the clypeus. Chelicera with 3 pairs 
of teeth, longer than the width of the clypeus, their length about twice 
the height of the head in front. Labium longer than broad, apically 
rounded ( ~ ) or truncated ( d'), not one-half the length of the maxillre. 
Sternum large, longer than broad. Length of leg IV to cephalothorax 
as 4 : 1, metatarsus IV shorter than the patella and tibia combined. 
Spinnerets equal in length. Q palpal claw with 3 teeth. 

Remarks.-The very considerable variation in the form of the epi
gynum led me originally to divide this into two species. Recently I 
have obtained individuals with the epigynum quite intermediate in 
structure between the extremes first found. The specimens from Texas 
are larger than the northern ones. 

GEOLYCOSA nov. gen. 

I propose this new genus for those species, previously included in 
Lycosa, in which the first leg is thickest and strongest, furnished with 
thick scopulre on its three terminal joints, and almost as long as the 
fourth (shorter by not more than one-half the length of tarsus I). 
Geolycosa latifrons is the type species. 

In Geolycosa latifrom the cephalothorax is very high in the cephalic 
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portion, and from that point to its posterior margin its dorsal contour 
is almost straight without any demarcation of a posterior declivity; the 
posterior declivity is only slightly marked in arenicola and carolinensis, 
but well marked in balti:moriana and texana. In latifrons also the che
licera are very large and thick. The first row of eyes is about as broad 
as the second, except in texana. The other characters are essentially 
those of Lycosa. 

This genus is better demarcated from Lycosa than either Pardosa 
or Trochosa. All the species dig deep cylindrical holes in the ground, 
and some of them build a lmv turret of sticks around the aperture 
(arenicola, latifrons, texana). This burrowing habit has occasioned the 
thickness of the first pair of legs, and occasioned also the height of the 
cephalothorax in front by the greater development of the muscles there. 
Lycosa fatifera Hentz probably belongs to this genus, but Hentz's very 
brief description: "Bluish black; cephalothorax deeper in color at the 
sides; chelicera covered with rufous hairs and with a reel elevation on 
their external side near the base; one of the largest species," is insuffi
cient. He states it "is common in Massachusetts," and this , together 
with his description of its tube, makes it possible that he had either a 
light variety of carolinensz:s or an unusually large and dark specimen 
of arenicola. 

KEY TO SPECIES OF GEOLYCOSA. 

a. 1.-Lateral eyes of the first row larger than its middle eyes , whole 
venter deep black, . carolinensis. 

a. 2.-Lateral eyes of the first row not larger than its middle eyes, 
whole venter not black. 

b. 1.-Patellre black below, almost the whole venter behind the 
lung-books deep black, this black not including lighter 
markings, . baltimoriana. 

b. 2.-Not so colored. 
c. 1.-First eye row distinctly shorter than the second, pos

terior declivity of cephalothorax describing an angle 
vvith the dorsal contour, . texana. 

c. 2.-First eye row fully as broad as the second , posterior 
declivity of the cephalothorax in a line with its dorsal 
contour. 

d. 1.-Coxre and femora of legs I and II black below, 
venter with a median black band, arenicola. 

d. 2.-Not so colored, . latifrons. 

Geolycosa texana n. sp. Pl. XVIII, figs. 13, 14. 

(Numerous specimens from Austin, Texas.) 
Eyes.-First row nearer the second than the clypeal margin, de-
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cidedly shorter than the second, its eyes subequal, middle eyes slightly 
higher. Eyes of second row largest, less than their diameter apart. 
Third row widest. Dorsal eye area less than one-fifth the length of 
the cephalothorax. Quadrilateral of the posterior eyes longer than 
broad. 

Form.-Cephalothorax in front truncated, about one-half its great
est transverse diameter ( Q) or less ( e)' highest at the posterior eyes, 
the ocular region marked off by a groove from the cheek region. Sides 
of head rather steep. Chelicera massiw, much longer than the clypeus 
wide, their length nearly twice the height of the head in front, with 
3 pairs of teeth; their posterior surface with a ro'v of numerous trans
verse strire. Sternum longer than broad. Legs long but strong, 
length of the fourth to the cephalothorax in e 4.1 : 1, in Q 3.6 : 1; in 
the oi the fourth metatarsus is slightly longer than the patella and 
tibia combined. Q palpal claw with 6 teeth. Anterior spinnerets 
longest and largest. Labium longer than broad, fully one-half the 
length of the maxillre, apically truncated. Epigynum relatively small. 

Dimension;. d' Q 
Cephalothorax, 11 13.5 
Abdomen, 11 14 
Leg I, . 40.5 43 
Leg II, 37.5 40 
Leg III, 34 36 
Leg IV, 45 49 

Color in Lif e.-Cephalothorax above grayish-black, with a grayish 
median band that occupies the whole surface between the eyes of the 
second and third rows, passes back to almost the middle of the cephalo
thorax, there becomes narrower and continues to the posterior margin. 
Extreme margin black. There is an interrupted submarginal gray 
band which is continued on to the cephalic portion. All the gray 
markings are due to long whitish hairs, and finer whitish hairs are scat
tered over the blackish regions. Sternum thickly covered with long, 
stiff, grayish hairs, sometimes black on the margins. Abdomen above 
on its anterior half with a median band of dark brmvnish edged nar
rowly with black and containing minute black spots; this band termi
nates truncated about the middle of the dorsum, and on each side of it 
at about its middle is a pointed black spot. This band lies in a less 
distinctly defined, broader pale brownish band' which extends the whole 
length of the dorsum and becomes much narrower tovrnrd the spinnerets. 
In this broader band, behind the narrower enclosed darker one, are 
about 6-7 crescentic transverse markings each as wide as the broad 



1904.] NATURAL SCIENCES OF PHILADELPHIA. 295 

band, each black anteriorly and white posteriorly, the most anterior 
being the most distinct; at each end of each of these crescentic mark
ings is a large pale gray spot. Sides above dappled gray and blackish, 
below with larger black spots scattered on a gray or yellow ground. 
Venter in front of epigynum gray or yellow with a single pair of black 
spots. Just behind the rima epigastrica is a broad, transverse black 
band the anterior edge of which is straight and sharply demarcated, 
but the posterior edge of which is extended backward as a more or less 
interrupted median black band extending to a little in front of the 
spinnerets, and a pair of lateral black bands (or rows of black spots) 
which curve backward to meet the median band just in front of the 
spinnerets; thus the venter appears to possess a pair of elongate yellow 
or yellowish-gray areas, separated by the median black band, bordered 
laterally and posteriorly by the lateral black lines, and anteriorly by 
the transverse black band. Spinnerets blackish. Chelicera anteriorly 
with orange and black hairs, the macula red; maxillre reddish-brown, 
labium darker. Legs above grayish with one or two black spots on the 
coxre and black longitudinal markings on the posterior aspect of the 
femora; below each coxa is whitish, sometimes with a longitudinal 
black stripe, each femur whitish with a black ring at its distal end, 
each patella whitish, the first tibia blackish its entire length, the tibire 
of the other pairs whitish in the middle and black at the ends, the tarsi 
and metatarsi black. Palpi grayish, unmarked except that the ter
minal joint is black on the inferior surface. 

Comparisons.-This large and beautiful species is quite distinct from 
any other. It is very abundant in open areas of the limestone region of 
Austin, and lives in deep cylindrical holes lined with silk, and with 
the opening of the tube raised above the surface of the ground, as in 
G. arenicola. 

Geolycosa latifrons n. sp. Pl. XIX, figs. 15-18. 

(Specimens from the vicinity of Austin, Texas.) 
Eyes.-First row much nearer the second row than to the clypeal 

margin, almost or fully as broad as the second row, its middle eyes 
slightly larger and higher, and nearer the lateral eyes than each other. 
Eyes of second row largest, separated by almost their diameter. Third 
row broadest, about 1.5 times the diameter of one of its eyes behind 
the second row. Dorsal eye area to cephalothorax as 1 : 6.5. Quad
rilateral of the posterior eyes broader than long. 

Form.-Cephalothorax very broad in front, there from five-eighths 
(d") to four-fifths ( Q) its greatest transverse diameter, very high at 
the posterior eyes and from there gradually sloping to its posterior 
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end, the posterior declivity not being separable from the dorsal outline. 
It is very high at the posterior eyes, and the cephalic portion is marked 
off from the thoracal on each side by a groove; the sides of the head are 
obliqw~ and the cheeks very broad. Chelicera massive with a large 
macula basalis, with three pairs of teeth, longer than clypeus wide, in 
length about 2.5 times the height of the head from the clypeal margin 
to the superior border of the second eye row, at the base almost as 
thick in an antero-posterior direction as one-half their length. Ster
num much longer than broad. Labium longer than wide, not one-half 
the length of the maxillre, apically concave. Posterior spinnerets 
longest. Epigynum very large. First leg noticeably thicker than the 
others, particularly its three terminal joints which are thickly covered 
below with scopulre. Scopulre are also present upon the tarsus, meta
tarsus and distal half of the tibia of II, and on the tarsi of III and IV. 
Fourth leg to cephalothorax, o· 3.3 : 1, Q 2.7 : 1. Metatarsus IV 
shorter than patella with tibia combined. 

Dimensions. O' Q 
Cephalothorax, . 8.5 10 
Abdomen, 7 8 
Leg I, . 27 25.5 
Leg II, 24.5 22 
Leg III, 22 20.5 
Leg IV, 28.3 . 27 

Color of Females (in alcohol).-Cephalothorax with few and only short 
hairs; clear to dark reddish-brown in the cephalic portion, this clear 
area constricting anterior to the dorsal groove, then enlarging again 
around this groove; sides darker, interrupted by reddish bands radiat
ing from the dorsal groove, the extreme margin black. Sternum yellow 
to yellowish-gray. Abdomen aboYe dull brown to chocolate-brown 
without ~ny distinct pattern on the dorsum; at each antero-lateral 
angle a large elongate black spot; sides behind this mark paler brown; 
venter very pale yellow along its whole extent, or else a little darker 
behind the rima epigastrica. Epigynum clear reddish-brown. Spin
nerets brown. Chelicera and labium dark reddish-brown, maxillre 
yellowish. L egs without annulations, above reddish-brown (usually 
paler than the light portion of the cephalothorax), below the coxre, 
femora and patellre lighter (of the same color as the sternum); owing 
to the thick scopulre the inferior surfaces of the tibire, metatarsi (also 
the dorsal portion of the distal half of these), and the tarsi of I are 
black, as of the tibia, metatarsus and distal half of the tibia of II, and 
of the distal ends of the tarsi of III and IV. 
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Color of Males (in alcohol).-Differ from the female as follows: The 
abdomen above is orange-brown (more clear orange anteriorly); at 
each antero-lateral angle arises a broad black band that extends on 
the side posteriorly as far as the middle; venter pale brmvnish laterally, 
the median region behind the lung-books being silvery with a pair of 
closely approximated narrow, darker longitudinal lines. The coxre 
and femora are greenish below. Palpi with all the joints brown above 
and greenish below, except the tarsus, which is wholly black. 

Comparisons.-A species very well marked by the great width of 
the head region, and the gradual slope of the dorsal contour of the 
cephalothorax. 

Geolyoosa baltimoriana (Keys.). Pl. XIX, fig. 19. 

Tarentula baltimoriana Keyserling, 1876. 
Lycosa baltimoriana (Keys.), Montgomery, 1902. 

(In addition to the single male originally described by me, I have 
secured three additional males from the vicinity of Austin, Texas.) 

Eyes.-First row nearer the clypeal margin than the second row, 
almost as broad as the second, its eyes equidistant, the middle eyes 
higher and fully twice the size of the lateral. Eyes of the second row 
largest, about three-fourths their diameter apart. Third row broader 
than the second, its eyes almost 1.5 their diameter behind the second 
row. Dorsal eye area one-fifth the length of the cephalothorax. 
Quadrilateral of the posterior eyes broader than long. 

Form.-Cephalothorax in front quite one-half its greatest transverse 
diameter, highest at the posterior eyes, the posterior declivity inclined 
at fully 45° with the dorsal outline. Head rather oblique and rounded. 
Chelicera longer than the clypeus broad, almost twice the height of the 
head in front, with three pairs of teeth. Labium longer than broad, 
apically concave, less than one-half the length of the maxillre. Ster
num longer than broad. Spinnerets adequal in length. Legs long and 
slender, the first slightly thicker than the other (most noticeably its 
tibia), and shorter than the fourth by only one-third the length of its 
tarsus. Metatarsus IV shorter than patella and tibia combined. On 
all the femora the hairs are short and few; there are thick scopulre on 
the tarsi and metatarsi of I and II, and on the tarsi of III and IV. 
Leg IV to cephalothorax as 3.5 : 1. 

Cephalothorax, 
Abdomen, 
Leg I, 
Leg II, . 

Dimensions. O' 
9 
7 

29.5 
28 
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Leg III, . 
Leg IV, . 

PROCEEDINGS OF THE ACADEMY OF 

Dimens1'.ons. 

[March, 

Cf 
26 
31.5 

Color (in alcohol) -Cephalothorax above with a very narrow white 
median line in the eye area extending back to the dorsal groove; the 
extreme margin white; a broad submarginal band of orange on each 
side, not extending to the head; a small reddish-yellow area around 
the dorsal groove (and extending back to the posterior margin of the 
thorax as a narrow band) , from which broad radiating bands extend 
to the submarginal band, about four of these bands on each side, and 
each band narwwly white in front, black behind this, then recldish
brown in its posterior half. The ocular area is blackish; the clypeus 
and cheeks \Yhitish above, postero-wntral margin of each cheek with 
a black spot. Sternum deep black. Abdomen above on its anterior 
half with a broad median dark band edged with black, this band nar
rowest anteriorly with sinuate margins and concavely truncated pos
t eriorly; it is bordered by orange-brown. At each antero-lateral mar
gin of the dorsum arises a broader, interrupted black stripe which 
extends almost to the spinnerets, and in its posterior half is simply an 
area of black spots. Behind the median band is a series of four nar
row, transverse black bands, whose lateral margins confl.uesce ·with the 
lateral black stripes. Sides orange-brown, marked posteriorly with 
blackish spots. Venter pale greenish, with a sharply bounded, deep 
black band extending from the rima epigastrica in front to a little an
terior to the spinnerets behind, this black covering the whole venter 
behind the lungs but not extending up the sides. Chelicera black with 
orange hairs anteriorly, labium and maxillm black with paler tips. 
Legs above yellowish, femora of I and II with two almost contiguous, 
parallel dark lines above, and another on the posterior aspect, these 
represented by lines of black spots on III and IV; the patellre and 
distal ends of the tibire are brownish, the metatarsi and tarsi of I and II 
pale brownish. Below the coxre are chocolate-bro\V"TI, the femora very 
pale yellow, the patellre and distal ends of the tibire deep black, the 
metatarsi and tarsi reddish-brown. Palpi yellow, femora above with 
two longitudinal darker stripes, patella below slightly darker than 
above, whole tarsus almost black. 

Comparisons.-Of all the species of the genus it comes closest to 
texana, but apart from the differences in coloration and the palpal 
organ it may be distinguished by tarsus I being more than one-half the 
length of the metatarsus, while in texana this joint is decidedly less than 
one-half this length. 
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Habits.-The female is unknown. One male was found in a hole 
three inches deep below a stone, the other two below stones, but not in 
holes. 

Geolycosa arenicola (Scudd.). 

Lycosa arenicola Scuddei'. 1877. 
Lycosa nidifex Marx, 1881. 
Lycosa nidifex Marx, Emerton, 1885. 
Lycosa arenicola Scudder, Stone, 1890. 
Lycosa domifex Hancock, 1899. 
Lycosa arenicola McCook, 1893 (Plate 30). 
Lycosa arenicola Scudder, Montgomery, 1902. 

(Numerous specimens from New Jersey, l\:Iassachusetts, and Long 
Island, Nevv York.) 

Eyes (~).-First row as broad as the second, nearer the second 
row than to the clypeal margin, its eyes equidistant, the middle eyes 
slightly larger and slightly higher. Eyes of the second row largest, 
about their diameter apart. Dorsal eye area one-sixth the length of 
the cephalothorax. Quadrilateral of the posterior eyes broader than 
long. 

Form ( ~ ).-Cephalothorax highest at the posterior eyes and from 
there gradually declining to its posterior margin, with the posterior 
declivity barely demarcated from the dorsal, sides of the head oblique, 
in front somewhat rounded and about three-fifths its greatest trans
verse diameter. Chelicera with 3 pairs of teeth, their length almost 
twice the height of the head in front~ longer than the width of the cly
peus, at their base almost as thick antero-posteriorly as one-half their 
length. Thick scopulre inferiorly upon the four terminal joints of 
legs I and II, and the two terminal joints of III and IV; leg IV to 
cephalothorax as 2. 7 : 1; metatarsus IV shorter than patella and tibia 
combined. 

Lycosa carolinensis Walck. 

Ly cos a tarentula carolinensis W alckenaer, 1837. 
Lycosa tarentula carolinensis Hentz, 1841. 
Lycosa carolinensis Hentz, Emerton, 1885. 
Lycosa carolinensis Walck., Stone, 1890. 
Lycosa carolinensis Walck., Montgomery, 1902. 

(Specimens from New Jersey, Pennsylvania and Martha's Vineyard, 
Massachusetts.) 

Eyes.-First row equidistant from the clypeal margin and the 
second row, somewhat shorter than the second, the lateral eyes slightly 
lower and slightly larger than the middle and placed upon tubercles 
so that they are directed downward. Eyes of second row largest, not 
quite their diameter apart. Dorsal eye area to the length of the cepha-
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lothorax as 1 : 6. Quadrilateral of the posterior eyes broader than 
long. 

Form.-Cephalothorax flat and broad, the cephalic portion clearly 
marked off from the thoracic, in front fully ( Q ) or less ( d") than one
half its greatest transverse diameter, highest at posterior eyes; in the ~ 
the dorsal outline gradually declines to the posterior margin with a 
posterior declivity only slightly defined, but in the CS the posterior 
declivity is well marked from the dorsal outline. Chelicera massive, 
their length more than twice the height of the head in front, longer 
than the width of the clypeus, with 3 pairs of teeth. Labium longer 
than wide, broadest at the tip where it is truncated, one-half the length 
of the maxillre. Sternum longer than broad. Posterior spinnerets 
longest. Legs thick, length of leg IV to cephalothorax, CS 3.6 ! 1, 
~ 3.2 : 1; metatarsus IV shorter than patella and tibia combined. 

Genus TROCHOSA C. Koch, 1848. 

This genus is most closely allied to Lycosa, and differs from it mainly 
in the following characters: The first row of eyes is fully as wide as the 
second, or at least (as in avara and contestata) the middle points of the 
lateral eyes of the first row are as far lateral as the middle points of 
the eyes of the second row; the sides of the head are obliquely arched, 
and the cephalothorax highest at or behind the middle (except in the ~ 
of frondicola); the legs are usually comparatively short (only in cinerea 
has leg IV a length of four times the cephalothorax), and their spines 
are usually short (in rubicunda there is only one ventral spine on tibia 
I). The posterior spinnerets are newr longer, usually shorter than the 
anterior. Metatarsus IV is always shorter than the patella and tibia 
combined. The chelicera are robust and arched anteriorly, with 3 
teeth on their posterior margins ( 4 in contestata), and their length is 
fully twice the height of the head in front. The length of the dorsal 
eye area to the cephalothorax varies from 1 : 4.5 (cinerea) to 1 : 9 
(rubicunda). The labium is longer than wide, and frequently one-half 
or more the length of the maxillre (sepulchralis, frondicola, purcelli, 
cinerea). 

There is a greater structural difference between Trochosa rubicunda 
and Lycosa scutulata, than between the latter and Pardosa; so that if 
we maintain the genus Pardosa we must also retain Trochosa. 

KEY TO SPECIES OF TROCHOSA. 

a. 1.-Dorsal eye area one-ninth the length of the cephalothorax, one 
spine on the ventral surface of tibia I, . . . rubicunda. 
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a. 2.-Dorsal eye area at least one-seventh the length of the cephalo
thorax, 3 pairs of spines on the ventral surface of tibia I. 

b. 1.-Posterior margin of chelicera with 4 teeth, contestata. 
b. 2.-Posterior margin of chelicera with 3 teeth. 

c. 1.-Cephalothorax smooth, without hairs or with hairs 
only in the ocular area. 

d. 1.-A distinct broad median and narrow submarginal 
bands on the cephalothorax, . noctuabunda. 

d. 2.-Cephalothorax without stripes, . wblata. 
c. 2.-Cephalothorax with hairs. 

d. 1.-Median band of cephalothorax narrow, 
helvipes Keyserling, 1876. 

d. 2.-Median band of cephalothorax on the anterior half 
about as broad as the ocular area, colors mainly 
gray and white, . . cinerea. 

d. 3.-Median band of cephalothorax in its anterior half 
about half as broad as the eye area, colors dark. 

e. 1.-Median band of cephalothorax not laterally 
notched anterior to the median groove. 

f. 1.-Venter pale brown, sternum not darker 
than the coxre, . . . . . avara. 

f. 2.-Venter black or blackish, sternum darker 
than coxre, . . . . frondicola. 

e. 2.-Median band of cephalothorax notched later
ally anterior to the median groove. 

f. 1.-Legs (at least the femora) distinctly an
nulated, venter and sternum not deep 
black. 

g. 1.-Spines on the femora shorter than 
the greatest diameter of the fem
ora, . pratensis. 

q. 2.-Spines on the femora longer than the 
greatest diameter of the femora, 

purcelli. 
2.-Legs not annulated, venter and sternum 

deep black, . sepulchralis. 

Trochosa noctuabunda n. sp. Pl. XVIII, figs. 9, 10. 

(Several specimens from Austin, Texas.) 
Eyes.-First row nearer the second than to the clypeal margin, 

straight, fully as broad as the second, the middle eyes nearly double 
the size of the lateral. Eyes of second row largest, separated by about 
1.3 times their diameter. Third row little broader than the second, 
and almost twice the diameter of one of its eyes behind the second. 
Dorsal eye area less than one-sixth the length of the cephalothorax. 
Quadrilateral of the posterior eyes about as long as broad. 

Form.-Cephalothorax in front in the <S rather pointed and about 
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two-fifths its greatest transverse diameter, in the Q somewhat rounded 
and slightly more than one-half this diameter, highest at or slightly 
in front of the middle, entirely smooth except for a few long hairs in 
the ocular area. Head low and oblique on the sides. Chelicera mas
sive with strong macula basalis, very strongly arched on the anterior 
border, longer than the width of the clypeus, in length about twice the 
height of the head in front, with 3 pairs of teeth. Sternum decidedly 
longer than broad, rather pointed posteriorly. Labium fully one-half 
as long as the maxillre, longer than broad, truncated straight. An
terior spinnerets slightly the longest. Legs short and stout with short 
spines; vertically inserted, longer, fine hairs are particularly noticeable 
on the tibire and metatarsi; length of leg IV to cephalothorax, 0' 3.8 : 1, 
Q 3.5 : 1; metatarsus IV shorter than patella and tibia combined. 
Q palpal claw with 4 teeth. 

Cephalothorax, 
Abdomen, 
Leg I, . 
Leg II,. 
Leg III, 
Leg IV, 

Dimensions. 
0' 

3.4 
3.3 
9.2 
8.8 
8.2 

13 

Q 
4 ( 3 in smallest) 
5 

10.3 
9.8 
9.3 

14 

Color (in alcohol).-Cephalothorax above blackish or deep brown in 
the eye area, with a yellowish spot postero-lateral to each posterior eye. 
A median yellow band arises between the posterior eyes, just behind 
them enlarges to a width slightly broader than that of the ocular 
area, is deeply constricted in front of the dorsal groove, enlarged to 
its greatest diameter around this groove, constricted again behind 
this groove and then slightly enlarged again at the posterio~ mar
gin; in its anterior portion this band contains a median and a pair 
of lateral darker lines. There is a more or less distinct broad, inter
rupted yellow submarginal band on the posterior two-thirds of the 
cephalothorax; a yellow line beneath the anterior eyes; while the 
remainder of the cephalothorax is shining dark brovm. or blackish. 
Sternum shining, with few hairs, yellowish-brown with darker margins. 
Abdomen in the brightest individuals above with a narrow median 
green band on its anterior half, this band pointed at each end and 
bordered laterally by a broader stripe of silvery-white interrupted by 
black spots; on the posterior half of the dorsum the silvery-white is 
continued as a few broad transverse areas, spotted by black; lateral to 
this silvery-white is a broader black area, deep black and not inter-
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rupted anteriorly (on the anterior aspect of the abdomen the black 
band of one side joins with that of the other), while posteriorly the 
black band widens and becomes mottled with buff; sides buff, spotted 
with black posteriorly; venter yellow in front of the lung-books, 
behind them pale brown with small spots of darker brown and black. 
In other individuals the dorsum shows the same general pattern, but 
the silvery-white is replaced by yellow and the black by brown. 
Epigynum reddish-br0'-""'11. Spinnerets pale brown. Chelicera brown 
or almost black, the macula red. Labium as dark as the chelicera but 
with lighter distal end, and maxillm lighter. Legs in the brightest indi
viduals clear greenish-yellow, distinctly ringed with black on all the 
joints except the tarsi, each coxa black on its anterior and posterior 
aspects, the tarsi reddish-brown. Palpi colored like the legs. 

Comparisons.-This species comes very close to sublata, but differs 
from it in the coloration of the cephalothorax and of the abdominal 
venter. The epigyna of the two are very similar. 

Habits.-Not common, on damp ground under stones, on the margin 
of streams. 

Troohosa pratensis (Emerton). 

Lycosa pratensis Emerton, 1885. 
Lycosa pratensis Emerton, Montgomery, 1903. 

( '¥ '¥ from Wood's Hole, Massachusetts.) 
Eyes.-First row a little broader than the second, the middle eyes 

larger and slightly lower, lateral eyes nearer the second row than to 
the clypeal margin. Eyes of second row largest, their diameter apart. 
Length of dorsal eye area to cephalothorax as 1 : 6.5. 

Form.-Cephalothorax highest between the posterior eyes and the 
dorsal groove, in front truncated and a little more than one-half its 
greatest transverse diameter, sides of head oblique. Chelicera longer 
than the width of the clypeus, 2.5 times the height of the head in front. 
Labium longer than wide, its sides nearly parallel, truncated apically, 
one-half the length of the maxillre. Sternum longer than broad. 
Spinnerets equal. Legs thick, leg IV to cephalothorax as 2.7 : 1; meta
tarsus IV shorter than the patella and tibia combined. Palpal claw. 
with 5 teeth. 
Troohosa oontestata (Montg.). 

Lycosa contestata Montg., 1903. 

( '¥ from Wood's Hole, Massachusetts.) 
Eyes.-First row slightly shorter than the second, much nearer the 

clypeal margin than to the second row, middle eyes double the size of 
the lateral and a little higher. Eyes of the second row nearly 1.5 times 
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their diameter apart. Eyes of the third row nearly as large as those 
of the second. Dorsal eye area to the cephalothorax as 1 : 6. 

Form.-Cephalothorax highest a little anterior to the middle, in 
front truncated and about one-half its greatest transverse diameter, 
the sides of the head rather oblique. Chelicera about as long as the 
width of the clypeus, fully 2.5 times the height of the head in front, 
with 4 teeth on the inferior and 3 on the anterior margin. Labium 
longer than wide, truncated apically, one-half the length of the maxillre. 
Maxilla indented on the inferior surface near the distal end. Sternum 
longer than broad. Spinnerets equal. Leg IV to cephalothorax as 
3.6 : 1; metatarsus IV shorter than patella and tibia combined. 
Palpal claw with 4 teeth. 

Troohosa avara Keyserling. Pl. XX, fig. 42. 

Trochosa avara Keys., 1876. 
Lycosa avara (Keys.), Montgomery, 1903. 

(One ~ from Philadelphia; numerous individuals of both sexes from 
Austin, Texas.) 

Eyes.-First row slightly narrower than the second, straight, equi
distant from the second row and the clypeal margin, the middle eyes 
closely approximated and fully 1.5 the size of the lateral. Eyes of 
second row largest, fully ( O') or almost ( ~ ) their diameter apart. 
Dorsal eye area to cephalothorax as 1 : 6. Quadrilateral of the pos
terior eyes longer than broad. 

Form.-Cephalothorax highest behind the middle, in front truncated 
and one-half ( ~ ) or less ( O') as wide as its greatest transverse diam
eter, the sides of the head oblique. Chelicera longer than the width of 
the clypeus, their length fully three times the height of the head in 
front, with 3 pairs of teeth. Labium longer than broad, truncated 
apically, not one-half the length of the maxillre. Sternum longer than 
broad. Anterior spinnerets longest. Leg IV to cephalothorax ( ~) 
as 3 : 1; metatarsus IV shorter than patella and tibia combined. ~ 

palp with 5 teeth. 
Remarks.-The Texas specimens agree essentially with Keyserling's 

description except in the following points: The epigynum is distinctly 
broader than long. The abdomen above has a more or less dis
tinct median darker band edged with yellowish on the anterior 
half, and a pair of white spots on the posterior half, the rest 
of the anterior surface being finely mottled with black and brown; 
on the posterior dorsum are narrow transverse stripes of brown, be
tween each two of which is a pair of black spots (each surrounded by 
a brown ring); the venter is pale brown with minute black spots. 
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Habits.-A common species in the vicinity of Austin, under stones 
on dry hillsides. 

Trochosa purcelli (Montg.). 

Lycosa purcelli Montg., 1902. 
Lycosa kochii Keys., Emerton, 1885. 
nee Tarentula kochii Keys., 1876. 
Lycosa nigraurata Montgomery, 1902. 

(Several specimens from Pennsylvania, New Jersey and l\Iassachu
setts.) 

Eyes (~).-First row slightly shorter than the second, nearer the 
clypeal margin than to the second row, about straight or lateral eyes 
slightly lower, middle eyes 1.5 times the size of the lateral. Eyes of 
second row largest, slightly more than their diameter apart. Dorsal 
eye area to cephalothorax as 1 : 4. 7 5. Quadrilateral of the posterior 
eyes broader than long. 

Form ( 9 ).-Cephalothorax highest at about the middle, in front 
truncated and not quite one-half its greatest transverse diameter, the 
sides of the head oblique. Chelicera with 3 pairs of teeth, longer than 
the width of the clypeus, their length 2.25 times the height of the head 
in front. Labium longer than broad, slightly concave apically, not 
one-half the length of the maxillre. Sternum rounded. Leg. IV to 
cephalothorax as 3.5 : 1. Metatarsus IV shorter than patella and 
tibia combined. Spinnerets about equal in length. Palpal claw with 
4 teeth. 

Remarks.-In addition to certain slight differences in the form of the 
epigyna (mentioned in my preceding paper), this form is to be separated 
from kochii in that the cephalothorax in front is less than one-half its 
greatest transverse diameter, instead of "vorn bedeuten<l mehr als 
halb so breit als in der Mitte," and in being highest at or behind the 
middle. The male which I had described as a new species ( nigrau
rata) is an unusually bright-colored individual, with 4 teeth on the 
posterior margin of one of the chelicera. 

Trochosa cinerea (Fabr.). Pl. XX, fig. 43. 
Araneus cinereus Fabricius, 1793. 
Lycosa lynx Hahn, 1831. 
Lycosa halodroma C. Koch, 1848. 
A rctosa cinerea Idem. 
Arctosa lynx Idem. 
Lycosa maritima Hentz, 1841. 
Lycosa cinerea Fabr., Emerton, 1885. 
Lycosa cinerea Fabr., Stone, 1890. 
Lycosa cinerea Fabr., Montgomery, 1902. 

(Numerous specimens from Austin, Texas; ·wood's Hole, Massa
chusetts: Long Island, New York; New Jersey.) 
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Eyes.-First row straight, as broad as the second, nearer the clypeal 
margin than to the second row, middle eyes fully twice as large as the 
lateral. Eyes of second row largest, their diameter apart. Dorsal 
eye area to cephalothorax as 1 : 4.5. Quadrilateral of the posterior 
eyes slightly longer than broad. 

Form.-Cephalothorax highest between the posterior eyes and the 
dorsal groove, in front more than one-half its greatest transverse diam
eter ( ~) or less ( d' ) and truncated ( ~) or· rounded ( d' ). Sides of 
head moderately oblique and rounded. Chelicera ·with 3 pairs of teeth, 
much longer than the width of the clypeus, in length about 2.5 times 
the height of the head in front. Labium longer than broad, truncated 
apically, fully one-half the length of the maxill~. Legs strong with 
short spines; leg IV to cephalothorax as 4 : 1; metatarsus IV shorter 
than patella and tibia combined. ~ palpal claw with 3 minute teeth. 
d' palpal tibia twice as long as the patella, and narrower, the point of 
the tarsus fully as long as the bulbus. Anterior spinnerets longest. 

Comparisons.-This differs from the European form, judging from 
Simon's description (Arachnides de France), in that the fourth tibia and 
patella combined are considerably longer than the cephalothorax 
(instead of the same length), and in that the fourth leg is 4 times the 
length of the cephalothorax inst€ad of 3.3 times. The two species may 
prove to be distinct. 

The Texas specimens differ from the northern ones in large size 
( ~ with a cephalothoracal length of 7.5 mm.), and in being much paler 
colored. 

Habits.-In the North this is a species of the sea coast. At Austin 
it is common, particularly in the fall, under stones close to fresh ·water. 

Trochosa frondicola (Emerton). 

Lycosa frondicola Emerton, 1885 
Lycosa frondicola Emerton, Stone, 1890. 
Lycosa frondicola Emerton, Montgomery, 1902, 1903. 

(Specimens from Pennsylvania and Massachusetts.) 
Eyes.-First row fully as broad as the second, middle eyes larger 

and slightly lower, nearer the clypeal margin than to the second row. 
Eyes of second row largest, 1.4 times their diameter apart. Dorsal 
eye area to cephalothorax as 1 : 5. Quadrilateral of the posterior 
eyes broader than long. 

Form.-Cephalothorax slightly highest behind the middle, in front 
truncated and quite ( d') or more than ( ~) one-half its greatest trans
verse diameter, with the sides of the head oblique. Chelicera ·with 3 
pairs of teeth, longer than the width of the clypeus, their length twice 
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the height of the head in front. Labium longer than broad, apically 
truncated, one-half the length of the maxillre. Sternum large , longer 
than broad. Leg IV to cephalothorax, CJ 3.8 : 1, ~ 3 : 1. Metatar
sus IV shorter than patella and tibia combined. ~ palpal claw with 
3 teeth. 

Troohosa sepulohralis (Montg.). 

Lycosa sepulchralis Montgomery, 1902, 1903. 

(Specimens from Pennsylvania, and from Austin, Texas.) 
Eyes.-First row fully as broad as the second, middle eyes twice as 

large as the lateral, straight (CJ) or middle eyes lower (~),equidistant 
from the second row and the margin of the clypeus ( ~ ) or upon the 
margin of the clypeus (CJ). Eyes of second row three-fourths their 
diameter apart. Dorsal eye area to cephalothorax as 1 : 7. Quadri
lateral of the posterior eyes broader than long. 

Form.-Cephalothorax highest between the posterior eyes and the 
dorsal groove, the sides of the head oblique, in front more than one-half 
as broad as its greatest transverse diameter ( ~ ) or less (CJ). Che
licera with 3 pairs of teeth, their length about 2.5 times the height of 
the head in front, as long ( e) or longer ( ~ ) than the width of the cly
peus. Labium longer than broad, apically truncated, in the Q one
half the length of the maxillre but less in the CJ. Sternum large with 
few hairs. Anterior spinnerets longest. Leg IV to cephalothorax, 
CJ 4 : 1, ~ 3.3 : 1. Metatarsus IV shorter than the patella and tibia 
combined. ~ palpal claw with 3 pairs of teeth. 

Troohosa rubiounda Keys. Pl. XIX, fig. 30. 
Trochosa rubicunda Keyserling, 1876. 
Lycosa polita Emerton, 1885. 

(One ~ from Massachusetts, from J. H. Emerton.) 
Eyes.-First row broader than the second on each side by the 

diameter of a lateral eye, the middle eyes slightly lower than the lateral 
and larger. Eyes of the second row largest, one-half their diameter 
apart. Third row slightly wider than the first. Ocular area much 
wider than long, and not more than one-ninth the length of the cepha
lothorax. 

Form.-Cephalothorax without hairs, rounded anteriorly where it is 
more than one-half its greatest diameter, highest at the middle and 
gradually sloping down to the eye region, oblique on the sides. Che
licera with 3 pairs of teeth, longer than the width of the clypeus, their 
length three times the height of the head in front. Labium longer 
than broad, slightly concave apically, less than one-half the length of 
the maxillre. Sternum very large and with few hairs, truncated 



208 PROCEEDINGS OF THE ACADEMY QF [March 

straight anteriorly and pointed posteriorly. Anterior spinnerets long
est. Legs short and thick, 1 ventral spine on tibia I, 2 on tibia II, 
3 pairs on tibire III and IV; metatarsus IV shorter than patella and 
tibia combined; leg IV to cephalothorax as 2.4 : 1. 

Trochosa sublata (:\fontg.). 

Lycosa sub"lata Montgomery, 1902. 

( ~ , type, Point Pleasant, Ne-vv Jersey.) 
Eyes.-First row slightly broader than the second, straight, nearer 

the second row than to the clypeal margin, middle eyes slightly larger. 
Eyes of second row largest, their diameter apart. Third row slightly 
broader than the first, its eyes more than twice their diameter behind 
the second rmv. Quadrilateral of the posterior eyes longer than broad. 
Dorsal eye area to length of cephalothorax as 1 : 5. 

Form.-Cephalothorax in front somewhat rounded and more than 
one-half its greatest transverse diameter, highest at the middle; head 
low and its sides oblique. Chelicera \\ith 3 pairs of teeth, their length 
greater than the \\idth of the clypeus and quite 3 times the height of 
the head in front. Labium longer than wide, truncated apically, not 
one-half the length of the maxillre. Legs thick, metatarsus IV shorter 
than patella and tibia combined. Length of leg IV to cephalothorax 
as 3.6 : 1. 

Genus PIRATA Sundevall, 1833. 

The main combinations of characters of this genus are: The first eye 
row is fully as broad as the second (slightly shorter in elegans and 
nigromaculatus); the length of the posterior spinnerets is quite 1.5 
times that of the anterior, frequently twice; the metatarsus IV is in 
both sexes shorter than the patella and tibia combined by only one
third the length of the patella (one-half in marxi) ; the inferior tarsal 
claw is toothed (except in marxi); the sides of the head are oblique 
(except in elegans and the Cf of liber); the chelicera are weak, rather 
straight anteriorly, their length not more, usually less, than twice the 
height of the head in front; the labium is large and longer than broad. 
The chelicera have 2 or 3 t eeth on the posterior border. The eyes of 
the second row are less than 1.5 times their diameter apart. The cepha
lothorax is highest behind the middle, or in the cephalic region ( elegans). 
Tibia I has 3 ventral pairs of spines. The length of leg IV to the cepha
lothorax varies from 3.3: 1to4.6: 1; the legs have generally long spines 
and frequently fine long hairs. 

It is somewhat doubtful whether this genus is a homogeneous one; 
marxi approaches Trochosa, and elegans, Lycosa. There are also some 
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resemblances to Aulonia. All the species of Pirata known to me live 
beneath stones close to water, and spin for themselves during the cold 
season little closed nests. 

KEY TO SPECIES OF PIRATA. 

a. 1.-Eyes of the second row not more than one-half their diameter 
apart, chelicera with 2 teeth on the posterior margn, . marxi. 

a. 2.-Eyes of the second row nearly or quite their diameter apart, 
chelicera with 3 teeth on the posterior margin. 

b. !.-Sternum blackish with a yellow median band and 3 yellow 
spots on each side, cephalothorax of the ~ only one
quarter longer than broad, prodigiosus Keyserling, 1876. 

b. 2.-Sternum not so colored, cephalothorax in the ~ one-half 
longer than broad. 

c. !.-Venter with dark bands or rows of dark spots, femora 
usually distinctly annulated, liber. 

c. 2.-Not so colored. 
d. 1. -Legs almost devoid of hairs, elegans, 
d. 2.-Legs covered with fine soft hairs. 

e. 1.-A large dark spot at each side of the spin
nerets, ~ with leg IV 3.3 times the length 
of the cephalothorax, . nigromaculatus. 

e. 2.-No such black spots, ~ with leg IV 4.4 times 
the length of the cephalothorax .. 

sedentarius. 

Pirata marxi Stone. Pl. XIX, fig. 27. 

Pirata marxi Stone, 1890. 
Pirata marxi Stone, Montgomery, 1902. 
Pirata piraticus Clerck, Emerton, 1885. 
nee Pirata piraticus Clerck. 

(~,type, Pennsylvania; ~ from Massachusetts.) 
Eyes.-First row fully as broad as the second, straight, nearer the 

second row than the margin of the clypeus, the middle eyes only slightly 
larger than the lateral. Eyes of the second row one-half their diameter 
apart. Length of dorsal eye area to cephalothorax as 1 : 5.5. Quad
rilateral of the posterior eyes much wider than long. 

Form.-Cephalothorax without hairs, highest behind the posterior 
eyes, posterior declivity very abrupt and steep, in front one-half its 
greatest transverse diameter. Chelicera with 3 teeth anteriorly and 
2 posteriorly, rather straight anteriorly, their length greater than the 
width of the clypeus and about twice the height of the head in front. 
Labium longer than broad and more than one-half the length of the 
maxillre, broadest behind its middle, rounded apically. Sternum large, 
nearly round. Length of leg IV to cephalothorax as 3.8 : 1; meta
tarsus IV shorter than patella and tibia combined by one-half the 
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length of the patella. No teeth on the inferior tarsal cla,vs. Pal pal 
claw with 5 teeth. 

Comparisons.-This is the species identified by Emerton with the 
European piraticus. But they are distinct, judging from the descrip
tion given by Simon in his Arachnides de France. The structure of the 
epigyna differs; in marxi the median anterior eyes are but little larger 
than the lateral (instead of almost double their size) and almost con
tiguous (instead of being separated by a little more than their diam
eter), and further, these median eyes are much nearer each other than 
to the lateral; in marxi also tibia and patella IV combined are longer 
than the cephalothorax (instead of shorter); and there are differences 
.in coloration. 

Pirata elegans Stone. 

Pirata elegans Stone, 1890. 
Pirata elegans Stone, Montgomery, 1902. 

(Four ~ ~ , types, York county, Pennsylvania.) 
Eyes.-First row somewhat shorter than the second, middle eyes 

slightly higher and a little smaller than the lateral, and nearer each 
other than to the lateral, equidistant from the clypeal margin and the 
second row. Eyes of the second row largest, slightly more than their 
diameter apart. Third row broadest, its eyes about twice their diam
eter behind the second row. Quadrilateral of the posterior eyes as 
long as broad. Length of dorsal eye area to cephalothorax as 1 : 4.3. 

Form.-Cephalothorax in front truncated and not quite one-half its 
greatest transverse diameter, highest at the posterior eyes, sides of 
head rather steep, head projecting in front of the clypeus. Chelicera 
with 3 pairs of teeth, their length greater than the width of the clypeus 
and not quite twice the height of the head in front, nearly straight 
anteriorly. Labium longer than broad, not one-half the length of 
the maxillre, ·widest just behind its middle , rounded apically. Sternum 
longer than broad. Posterior spinnerets longest (almost twice the 
length of the anterior). Length of leg IV to cephalothorax as 3.7 : 1; 
metatarsus IV not quite as long as patella and tibia combined. One 
tooth on the inferior tarsal claw. 

Comparisons.-This species is intermediate between Lycosa and 
Pirata, resembling the former in the height of the head and the short
ness of the first eye row. 

Pirata nigromaoulatus Montg. 

Pirata nigromaculatus Montgomery, 1902. 

(Types, Luzerne county, Pennsylvania.) 
Eyes.-First row almost as broad as the second, equidistant from the 
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clypeal margin and the second row, eyes equal, straight or the middle 
eyes slightly higher. Eyes of the second row largest, 1.3 times their 
diameter apart. Third row broadest, its eyes nearly twice their 
diameter behind the second row. Quadrilateral of the posterior eyes 
broader than long. Length of the dorsal eye area to the cephalo
thorax as 1 : 4.8. 

Form.-Cephalothorax in front rounded ( ~ ) or truncated straight 
( c3'), almost ( ~ ) or decidedly less ( c3' ) than one-half its greatest trans
verse diameter, about equally high at the posterior eyes and the middle, 
the eyes projecting in front of the clypeus. Chelicera with 3 pairs of 
teeth, nearly straight anteriorly, their length greater than the width of 
the clypeus and about 1.8 times the height of the head in front . Labium 
longer than broad, about one-half the length of the maxillre, truncated 
(~)or rounded (d') apically. Posterior spi~nerets nearly double the 
length of the anterior. Metatarsus IV shorter than the patella and 
tibia combined; length of leg IV to cephalothorax ( ~ ) as 3.3 : 1. 
Inferior tarsal claw with 1 tooth. 

Pirata liber Montg. 

Pirata liber Montgomery, 1902, 1903. 

(Numerous specimens from Pennsylvania, New Jersey and ~Iassachu
setts.) 

Eyes.-First row almost or quite as broad as the second, straight, 
equidistant from the second row and the clypeal margin, eyes adequal. 
Eyes of the second row 1.3 times their diameter apart. Length of the 
dorsal eye area to the cephalothorax as 1 : 5.5. Quadrilateral of the 
posterior eyes much broader than long. 

Form.-Cephalothorax very slightly higher behind the middle than 
at the posterior eyes ( ~ ) or decidedly highest at the median groove ( c3' ); 
the median groove lies on the dorsal surface and not on the posterior 
declivity, this declivity being very abrupt in the c3'; the cephalothorax 
in front is almost ( ~ ) or decidedly less ( c3' ) than one-half its greatest 
transverse diameter; the sides of the head nearly vertical ( c3') or more 
oblique ( ~ ). Chelicera with 3 pairs of teeth, weak and straight in front, 
their length about 1.75 times the height of the head in front and (in 
the ~ )shorter than the width of the clypeus. Labium large, truncated 
apically, longer than broad, fully one-half the length of the maxillre. 
Sternum longer than broad. Posterior spinnerets more than twice 
the length of the anterior. Metatarsus IV a little shorter than the 
patella and tibia combined. Length of leg IV to cephalothorax ( ~) 
as 3.3 : 1. Palpi and legs with long soft hairs, most noticeable on the 
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tibire and metatarsi (especially in the O'). Inferior tarsal claw with 2 
or 3 teeth. ~ palpal claw with 3 or 4 teeth. 

Pirata sedentarius n. sp. PL XIX, figs. 28, 29. 

(Numerous specimens from Austin, Texas.) 
Eyes.-First ww as broad or slightly broader than the second, 

straight or the middle eyes a little higher, equidistant from the second 
row and the clypeal margin, the middle eyes largest and slightly nearer 
to the lateral eyes than to each other. Eyes of the second row slightly 
more than their diameter apart. Third row considerably broader than 
the second. Quadrilateral of the posterior eyes broader than long. 
Length of the dorsal eye area to the cephalothorax as 1 : 6. 

Form.-Cephalothorax in front truncated and not one-half its great
est transverse diameter, ·highest at the median groove, the posterior 
declivity making an angle of 45° \\ith the dorsal contour. Sides of the 
head low and rounded, with long scattered hairs in the cephalic region. 
Chelicera with 3 pairs of teeth, nearly straight in front in the O', but 
more arched and robust in the ~ , their length about twice the height 
of the head in front. Labium longer than wide, apically truncated, 
more than one-half the length of the maxillre. l\faxillre slender, only 
slightly enlarged distally, with nearly parallel sides, convex on the inner 
and concave on the outer border. Sternum much longer than wide, 
pointed posteriorly. Posterior spinnerets twice the length of the 
anterior. Legs with long spines and (particularly on the tibia and 
metatarsus of I and II) with long soft hairs. Palpi long and slender. 
Metatarsus IV a little shorter than patella and tibia combined; length 
of leg IV to cephalothorax as ( O') 4.6 : 1, ( ~ ) 4.4 : 1. Inferior tarsal 
claw with 1 or 2 teeth. ~ palpal claw with 4 teeth. 

Dimensions. O' 0 
-r 

Cephalothorax. 2.3 2.5 
Abdomen, 2.4 2.6 
Leg I, . 9.3 8 
Leg II,. 8 7.5 
Leg III, 6 6.8 
Leg IV, 10.5 11 

Color (in alcohol) .-The cephalothorax is marked with pale yellow 
and pale brown ; the yellow forms a median band (half as wide as the 
eye area) extending from this area to the median groove, and continu
ing from there as a slightly broader band to the posterior margin; 
a little distance behind each posterior eye is another yellow band 
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which joins the median one at the median groove; there is a broader 
yellow submarginal band which does not extend to the head; the 
remainder of the cephalothorax is pale brown. Sternum yellow like the 
coxre, with a narrow brown margin. Abdomen above vvith a rather 
narrow median yellow band largest at the anterior end and narrowing 
to a point at the middle; from this point to the posterior end, with 
more or less distinctness, is a series of 4-5 broad transverse yellow 
markings, and a larger elongate yellow mark on each side of the median 
band; all these yellow markings are demarcated by a ground color 
of pale brown or dark greenish. The sides are mottled or streaked 
with yellow or brown; the venter uniform pale yellow or pale brown. 
Epigynum black. Chelicera and maxillm shining brownish, labium 
darker. Legs yellow, femora annulated with greenish or brownish, 
a white ring at the middle of the tibire; in the O' the tibire, tarsi and 
metatarsi of I and II and the metatarsi of IV are darker than the other 
joints. Palpi yellowish, in the O' the tarsal joint is brown. 

Comparisons.-This species differs from the related liber mainly in 
form; greater relative length of legs; their greater hairiness; sides of 
the head very oblique in the 0' instead of vertical; the posterior 
declivity of the cephalothorax in the O' much less steep. 

Habits.-Very abundant at Austin, under moist stones close to 
water. 

KEY TO THE NORTH AMERICAN GENERA OF PISAURIDJE. 

(This key has been compiled from Simon, 1898, since I have not seen 
representatives of the genera MA YPACIUS and THANATrnrus.) 

a. 1.-Area of the middle eyes longer than broad; tarsi usually pro
vided with an onychium. 

b. 1.-First eye row strongly procurved, the lateral usually larger 
than the middle eyes; clypeus narrow. 

c. 1.-Lateral anterior eyes with the middle anterior occupy
ing an area not broader than long, 

MAYPACIUS Simon, 1898. 
c. 2.-Lateral anterior eyes with the middle anterior occupy

ing an area much broader than long, 
THANATIDIUS Simon, 1898. 

b. 2.-First eye row straight, eyes subequal; clypeus broad, 
Pisaurina. 

a. 2.-Area of the middle eyes broader, or not less broad, than long; 
tarsi without an onychium, . . DoLOMEDES. 
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Genus DOLOMEDES Latreille, 1804. 

KEY TO THE SPECIES OF DOLOMEDES. 

(For the females only.) 

[March, 

a. 1.-Second eye row broader than the first, posterior edge of the eyes 
of the second row on a line ·with the anterior edge of the eyes 
of the third row, . scapularis Koch, Keyserling, 1876. 

a. 2.-Eyes not so. 
b. l.~Head not demarcated from the cephalothorax; cephalo

thorax 'vi th a very distinct, white submarginal band; 
sternum with 3 pairs of black spots, . sexpunctatus. 

b. 2.-Head demarcated from the cephalothorax; not so colored. 
c. 1.-Jfedian piece of epigynum only one-half its length; 

leg IV longer than I by less than one-third the length 
of its terminal joint, idoneus. 

c. 2.-Jiedian piece of the epigynum extending its whole 
length; leg IV longer than I by almost the full 
length of its terminal joint. 

d. 1.-Epigynum distinctly broader than long; legs uni
form dark color without rings below, with indis
tinct yellmvish markings on the superior surface 
of the femora, coxre the same color as the ster
num; sternum with median band indistinct; 
cephalothorax without a yellow median line; 
abdominal dorsum with a yellow median band, 
anteriorly to the anterior end of which joins a 
pair of less distinct yellow linesJ and posteriorly 
with 3 pairs of small white spots connected by 
transverse whitish lines that are slightly curved, 

urinator. 
d. 2.-Epigynum almost as long as broad; legs above 

with distinct yellow marbling on the femora, 
below with distinct rings on the patellre, tibire 
and metatarsi, the coxre below clear yellow and 
lighter than the sternum; sternum blackish 
with a distinct yellow median band; ·cephalo
thorax with a distinct yellow median line; 
abdominal dorsum anteriorly ·with 3 pairs of 
lateral yellow lines connected with the median 
one, posteriorly without pairs of white spots and 
with a series of transverse yellow bands each of 
the shape of a W, f ontanus. 

Dolomedes sexpunctatus Hentz. Pl. XX, fig. 34. 

Dolomedes sexrrunctatus Hentz, 1841. 
Dolomedes sexrrunctatus Hentz, Emerton, 1885. 
Dolomedes sexrrunctatus Hentz, Montgomery, 1903. 

(Numerous specimens from Austin, Texas, and one from Massachu-
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Eyes.-First row broader than the second, much nearer to the second 
row than the clypeal margin, middle eyes lower and slightly larger. 
Eyes of the second row quite their diameter a part ( ~ ) or less ( O'). 
Third row broadest, its eyes on tubercles and nearly as large as those of 
the second row. Dorsal eye area about one-seventh the length of the 
cephalothorax. Quadrilateral of the middle eyes as long as broad ( ~) 
or slightly broader than long (QI). 

Form (O').-The O' differs from the ~ in the cephalothoracal out
line being much more rounded, the head in front only one-third its 
greatest transverse diameter, the clypeus vertical so that the eyes pro
ject forward beyond it. The legs are very slender, the fourth longest 
and 5.8 times the length of the cephalothorax, the first slightly longer 
than the second, the third extending only to the end of the metatarsus 
of the second. The palpal tibia has a large process on its external 
surface as long as length of the tibia, and with a small tooth on the 
ventral distal apex. 

Dimensions. O' ~ from Texas. 

Cephalothorax, 4.5 9.5 
Abdomen, 4 11 
Leg I, . 25 35 
Leg II, 24 34.5 
Leg III, 21 32 
Leg IV, 26 40 

Color of Male (specimen from Austin, in alcohol).-Cephalothorax 
pale yellowish-brown, sides below the submarginal white stripe darker, 
otherwise as in the ~ . Sternum pale yellowish-white with 3 pairs of 
distinct dark spots. Abdomen with the dorsal pattern very distinct. 
There is a dorso-median band along its entire length, yellow in color 
and bordered on each side by a somewhat narrower blackish band con
taining a row of 5 white spots, the two anterior of which are largest and 
furthest apart, while the three posterior are connected with the corre
sponding ones of the opposite side by transverse white lines; lateral 
to each of these blackish bands is a broader greenish-brown stripe. 
The sides are whitish, finely streaked with brownish. The venter is 
pale yellow. Legs very pale yellow, metatarsi and tarsi a little darker. 
Palpi pale yellow, the spine of the tibia and the lower surface of the 
palpal organ black. 

Form ( ~ ).-Cephalothorax in front truncated straight, somewhat 
less than one-half its greatest transverse diameter, its greatest diameter 
barely equalling the distance from the third eye row to the posterior 
margin, the cephalic portion not demarcated from the thoracic, highest 
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behind the middle, posterior declivity very steep, clypeus obliquely 
inclined. Chelicera with 4 teeth on the inferior margin. Sternum 
longer than broad, rounded. Labium slightly longer than broad, 
truncated straight apically, widest a little behind its middle. Relative 
length of legs IV, II, I, III, III only slightly shorter than I and II, all 
rather stout and scopulated; length of leg IV to cephalothorax as 
4.3 : 1. 

Remarks.-The Texas specimens are larger than the northern ones, 
and the femora are more or less banded above with brownish. 

Habits.-Very abundant at Austin, under the stones close to streams. 
Females ·with cocoons are most abundant in the fall. An adult male 
was found in Xovember, and numerous nearly full-grown males in 
January. 

Dolomedes fontanus Emerton. Pl. XX, figs. 35-37. 

Dolomedes fontanus Emerton, 1885. 
?Dolomedes scriptus Hentz, 1841. 

(Specimens from Pennsylvania and North Carolina.) 
Eyes.-As in urinator. 
Form.-The general form of the ¥, proportions of the legs, mouth 

parts, etc., are as in urinator. The o' differs in having the truncated 
anterior end of the cephalothorax but little broader than one-fourth 
its greatest transverse diameter, in the cephalothorax being distinctly 
highest behind the middle, and in the greater slenderness of the legs, 
which in order of length are IV, I, II, III. The palpus is longer than 
the cephalothorax, its terminal joint large, the tibia with an elevated 
lamina on the outer side, this lamina longer than wide and with its 
free border forming two larger and one smaller tooth, the ventral apical 
edge of the tibia with two teeth; the proximal dorsal portion of the 
tarsus has an elongated prominence and a small elevated knob lateral 
to this. 

Dimensions. Cf ¥ 
Cephalothorax, 7 7 
Abdomen, 7 10 
Leg I, . 36 30.5 
Leg II 33 31 
Leg III, 32 28 
Leg IV, 37 34 

The largest ¥ has a cephalothoracal length of 9 mm. 
Color of Females (in alcohol).-Cephalothorax brown "\Vith a narrow 

median line (splitting into two around the dorsal groove) from the cly
peus to the posterior margin, from the median side of each posterior 
eye arises a yellow line which passes backward and is so curved that 



1904.] NATURAL SCIENCES OF PHILADELPHIA. 317 

with its fellow of the opposite side it forms nearly a circle, its indistinct 
posterior end joining the median band anterior to the middle and at 
the point where a pair of small elongate black spots are apposed to 
the median line. On each side of the thoracal portion are three sub
marginal, rather broad and always distinct yellow marks which are 
placed obliquely. The extreme margin is black, and there are reticular 
black lines radiating from the dorsal groove. Sternum blackish with a 
yellow median band. Abdomen above greenish-brown, patterned dis
tinctly with yellow as follows: There is a narrow median orange band, 
pointed at each end, which extends caudad not quite to the middle, 
from which arises on each side three oblique yellow lines, one from its 
posterior end, one (the longest) from its middle, and from its anterior 
end one which passes like the others latero-caudad and then bends at an 
angle to join the median band where the middle line joins it. On the 
posterior half of the dorsum are 4 transverse yellow bands, each of the 
shape of a W, the first of which is broadest and the first and second 
most distinct. The sides are greenish-brown, the venter paler greenish 
or yellowish. Chelicera black, labium and maxillm reddish-brown with 
yellow ends. Legs above more or less distinctly ringed with yellow 
and reddish-brown, with a number of alternating rings on the femora, 
patellre brownish, tibire yellow at the middle and brown at the ends, 
metatarsi dark at the middle and yellow at the ends, tarsi yellow proxi
mally and brown distally; below the annulations are not as distinct as 
above, the femora finely mottled with greenish-brown and yellow, the 
coxre yellow and lighter than the sternum. Palpi like the legs. 

Color of Male (specimen from North Carolina, in alcohol).-Cephalo
thorax with the same pattern as in the ~ , but with yellowish-brown in 
place of dark brown. Abdomen like the ~ , but the yellow lines edged 
with black. Mouth parts yellow. Legs pale yellow without annula
tions, the distal ends of the tibire, metatarsi and tarsi black. The pal 
pus yellow, tibial apophysis and dorsal proximal portion of tarsus 
black. 

Comparisons.-This may possibly be the same as D. scriptus of Hentz, 
but that species is hardly recognizable from Hentz's brief description 
and poor figure. It is nearly related to D. ur·inator Hentz (cf.). 

Dolomedes urinator Hentz. 

Dolomedes urinator Hentz, 1841. 
Dolomedes tenebrosus Hentz, Emerton, 1885. 
Dolomedes tenebrosus Hentz, Stone, 1890. 
Dolomedes urinator Hentz, :Montgomery, 1902. 

(Numerous ~ ~ from Massachusetts, Pennsylvania, New Jersey, and 
Austin, Texas; 1 c] from Massachusetts.) 
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Eyes (~).-First row broader than the second, its lateral eyes 
about their diameter from the second row, nearly straight, the middle 
eyes being only slightly lower than the lateral. Eyes of the second row 
almost their diameter apart. Third row broadest, its eyes almost as 
large as those of the second row and placed upon tubercles. Quadri
lateral of the middle eyes about as broad as long. 

Form ( ~ ).-Cephalothorax in front truncated straight and not quite 
one-half its greatest transverse diameter, highest behind the middle, the 
cephalic portion demarcated from the thoracic, its greatest transverse 
diameter equalling the distance from the posterior eyes to its posterior 
end, clypeus high and slightly inclined. Chelicera with 4 ventral and 
3 dorsal teeth. Labium slightly longer than broad, slightly rounded 
apically, not one-half the length of the maxillre. Sternum rounded. 
Legs slender, IV, II, I, III, IV longer than I by not quite the length of 
its terminal joint. Length of leg IV to cephalothorax as 4.1 : 1. 
Femur IV with a tuft of thickened hairs posteriorly near its dis
tal end. 

Color in Alcohol (~).-The abdominal dorsum in all the specimens 
shows anteriorly a more or less distinct median yellow line ending in a 
point in front of the middle, and (generally less distinctly) a short 
oblique yellow line at each side of its anterior end; on the posterior 
half are 3 pairs of small white spots, connected transversely by as many 
black lines which are not of the shape of a W, but slightly curved with 
the concavity directed caudad; each of these white spots is surrounded 
by black, and only the 3 pairs on the posterior half of the dorsum are 
always distinct, but anterior to them are 1-3 pairs which are usually 
very indistinct (represented usually by small obscure black spots with
out white centers). 

Characters of the O" .-An adult dried specimen of one of the original 
males, described by Emerton as the male of tenebrosus, was kindly loaned 
to me by Mr. Emerton. The eyes are as in the ~,the first row almost 
straight. The legs are in order I, II, IV, III. Femur IV has on its 
posterior border near the distal end a prominent bunch of long thick
ened hairs or short spines, which are much more prominent than in the 
female. The palpal tibia has on its outer surface a long curved tooth, 
and is on its ventro-distal border prolonged into a long toothed pro
cess; the pal pus is longer than the cephalothorax. This being a dried 
specimen it is difficult to compare it with the alcoholic specimens of 
the females; but the color of the legs is the same, and also the general 
abdominal pattern (the 3 pairs of white spots are very distinct, and also 
the slightly curved transversed blackish lines connecting them); tl1e 
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cephalothorax has a broad submarginal white band on each side, con
tinued also across the forehead. 

Comparisons.-There is no doubt that this is the urinator of Hentz; 
it possesses the pairs of small white spots on each posterior abdominal 
dorsum, and the slightly curved black lines (not of the shape of a W) 
connecting them, all shown distinctly in Hentz's. figure. It is closely 
related to fontanus, and the epigyna of the two are very similar, but in 
urinator it is always much broader than long, and its median piece has 
a transverse groove jtist behind the middle, while in fontanus it is nearly 
as long as broad and is without such a groove. There are a number of 
constant differences, expressed in the key, which will serve to separate 
the species. The females of idoneus may be easily distinguished from 
those of both urinator and fontanus by the entirely different structure 
of the epigynum, and by leg IV being longer than I by less than one
third the length of the terminal joint. 
Dolomedes idoneus Montgomery. 

Dolomedes idoneus Montgomery, 1902. 
?Dolomedes tenebrosus Hentz, 1841. 

( ~ ~ from Pennsylvania, New Jersey and Massachusetts.) 
Eyes.-First row broader than the second, its middle eyes slightly 

larger and decidedly lower than the lateral (the dorsal margin of the 
middle eyes extends dorsad to a little beyond the level of the ventral 
margin of the lateral eyes), lateral eyes quite twice their diameter in 
front of the eyes of the second row. Eyes of the second row not quite 
their diameter apart. Third row broadest, its eyes on tubercles. 
Quadrilateral of the middle eyes as broad as long. 

Form ( ~ ).-Cephalothorax in front truncated straight, not quite 
one-half its greatest transverse diameter, the cephalic portion demar
cated from the thoracic, highest at the posterior eyes. Chelicera with 
4 ventral and 3 dorsal teeth. Labium as in urinator. Sternum 
slightly longer than broad. Legs rather slender, IV, II, I, III, IV and 
II nearly equal in length. Length of leg IV to cephalothorax as 4.1 : 1. 

Comparisons.-Of all of Hentz's species this most nearly approaches. 
his tenebrosus. But as I wrote before (1902), Hentz's description is 
entirely insufficient as a diagnosis; further, he placed tenebrosus under 
the "tenebrosre" with the "eyes subequal, lower row as much curved 
as the upper," which is not the case in idoneus; ancl his figure of the 
mouth parts shows them entirely different from the condition in idoneus. 
It is high time that tenebrosus, which has occasioned so much dispute, 
should be allowed to fall into the synonymy on account of being 
insufficiently characterized. 
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Genus PISA URIN A Simon, 1898. 

Pisaurina mira (Walck.). 

Dolomedes mira Walckenaer, 1837. 
Dolomedes virgatus Idem. 
Micrommata undata Hentz, 1841. 
Micrommata serrata Idem. 
nee Micrommata carolinensis Hentz, 1841. 
Ocyale undata Hentz, Emerton, 188.5. 
Ocyale undata Hentz, Stone,1890. 
Pisaurina mira Walck., Simon, 1898. 
Ocyale undata (Hentz), Montgomery, 1902. 

[March 1 

(Numerous specimens from Pennsylvania, New Jersey, Massachu .. 
setts and Texas.) 

Eyes ( 9 ).-First row separated from the clypeal margin by about 
the diameter of its eyes, broader than the second row, almost straight 
eyes equidistant, the middle slightly larger. Second row slightly 
broader than the area of the middle eyes of the first, its eyes not quite 
their diameter apart, slightly more than their diameter behind the first 
row and in diameter about 1.3 times the middle eyes of that row. 
Third row broadest; its eyes on tubercles and as large as those of the 
second row. Quadrilateral of the middle eyes longer than wide. 

Form ( 9 ).-Cephalothorax in front truncated straight and quite 
one-half its greatest transverse diameter, the cephalic portion quite 
well demarcated from the thoracic, about equally high at the posterior 
eyes and the dorsal groove, the clypeus nearly vertical. Sternum 
almost as broad as long, pointed behind. Labium widest at the middle, 
fully as wide as long, not one-half the length of the maxillre, slightly 
convex apically. Posterior spinnerets longest. Legs slender, scopulre 
not apparent, II, I, IV, III, legs I, II, and IV nearly equal in length. 
Length of leg IV to cephalothorax as 4.4 : 1. 

Chelicera with 3 pairs of teeth. 
Form (6").-The eyes are as in the 9, also the form and the relative 

length of the legs. The palpal tibia has on its outer border one small 
pointed tooth, little longer than \\l.de. 

Color of Male (in alcohol).-The only adult specimen seen (one from 
Massachusetts, loaned by Mr. Emerton) had the cephalothoracal pat
tern as in the 9 , but with the median band little darker than the sides. 
The abdomen above with the narrow green median line on the anterior 
half as in the 9, but the broad brown band not at all defined, so that 
the dorsum is pale orange with on each side a row of several pale yellow, 
short oblique lines, corresponding in position to the margin of the broad 
brown band in the 9 . The rest of the coloration as in the 9 . 

Nearly mature males from Texas have the dorsal dark bands as 
distinct as in the female. 
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Cephalothorax, 
Abdomen, 
Leg I, 
Leg II, 
Leg III, 
Leg IV, 

Dimensions of O'. 
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EXPL\.XATION OF PL\TES XVIII, XIX, xx. 
All the figures hai·e been drawn by me mth the aid of the camera lucida, but the 

degree of magnification mries for the di fferent figures. All the drawings 
of the palpal organs were made from the right-hand palpus. 

PLATE XVIII. Fig. 1.-Lycosa euepigyno.ta, 0', type, palpal organ. 
Fig. 2.-Idem, ¥ type, epigynum. 
Fig. 3.-Lycosa insop-ita, Cf, type , pal pal organ. 
Fig. 4.-Idem, '.i, type, cpigynum. 
Fig. 5.-Lyco.<;a antelucana cJ; , type, palpal organ. 
Fig. 6.-ldem, ¥, type, epigynum. 
Fig. 7.-Lycosa yictilis, Cf, palpal organ. 
Fig. 8.-ldem ~ , epigynum . 
Fig. 9.-Trochosa noctuabundu, 3' . type, palpal organ. 
Fig. 10.-Idem, ¥ , type, epig:vnum. 
Fig. 11.-Lycosa mccoolci, 9 , co-t>·pe, epigynum. 
Fig 12.-Trochosa al'ara, cf, palpal nrgan. 
Fig. 13.-Geolycosa texrma, rj', pal pal organ. 
Fig. 14.-ldem, 9, type, epigynum. 

PLATE XIX, Fig. 1.5.-0eolycosa latifrons, Cf , type, pal pal organ 
Fig . 16 .-!dem, 9 , type, epigynum. 
Fig. 17.-/dem, 9 , dorsal vi ew of cephalothorax. 
Fig. 18.-ldem, 9 , lateral view of ('f'phalnthorax. 
Fig . 19.-Geolyrosa halt,£mon:a.na, rJ, pal pal organ. 
Fig. 20.-Pardosa mercurfolis, 0, type, palpal organ. 
Fig. 21.-ldem, ? , type, epigynum. 
Fig. 22.-Pardosa pauxilla, Cf , type pal pal organ. 
Fig. 2?.. - ldem 9 , type, epigynum. 
Fig. 24.-Pardosa lap1:dic1:na, cf , pal pal organ. 
Fig. 2.~.-Pardosa glacial?:s, 9 , epigynum. 
Fig. 26.-Pardosa gladalis, 9, epig>·num. 
Fig. 26.-Pnrdosa tachypoda, 9 , epigynum. 
Fig;. 27.-Pirrila marxi, 9, from MassaC'husetts, epigvn11m. 
Fig. 2S.-Pirata sedentan:us, !{' , t>'PC, pal pal organ. • 
Fig. 29. - ldem, 9 , type, epigynurn. 
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PLATE XX, Fig. 30.-Trochosa rubicunda, ¥. epigynum. 
Fig. 31.-Trabma aurantiaca, c]'. palpal organ. 
Fig. 32.-ldem, cJ', lateral view of cephalothorax. 
Fig. 33.-A ulonia humicola, ¥, lateral view of the cephalothorax. 
Fig. 34.-Dolomedes sexpunctatus, cJ', pal pal organ. 
Fig. 3.5.-Dolomedes fontanus, cJ', pal pal organ. 
F~g. 36.-/ dem, cJ', P3:lpal tibia from the ventral surface. 
Fig. 37 .-Idem, ¥ , ep1gynum. 
Figs. 38, 39.-Lycnsa inhonesta, ¥ ¥, epigyna of Texas specimens. 
Fig. 40.-Lycosa nigra, a·, type, palpal organ. 
Fig. 41.-ldem, cJ' epigynum. 
Fig. 42.-Trochosa avara, epigynum, ¥ from Texas. 
Fig. 43.-Trochosa cinerea, epigynum, ¥ from Texas. 
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OBSERVATIONS ON HEARING AND SMELL IN 

SPIDERS.1 

A \!NIE I I. PRITCHETT. 

ONLY a small amount of previous work has been clone upon 
the senses of hearing ancl smell in spiders . 

According to Campbell ('So) spiders are well provided with 
the means of feeling the slightest movements of their webs or 
other near objects. On their legs are long, slender, silken hairs 
which differ from other hairs in that they are attached to a clisc 
on the integument. 

Dahl (' 8 3) found these hairs to vibrate to the tones of a violin 
and designated them as auditory hairs. Later ('84) he distin
guished certain of these as organs of smell and attempted a 
classification of spiders according to the distribution of the 
various hairs. 

Bertkau ('8 5) compared the so-called taste organs on the ends 
of the palps with the flask-shaped bodies on the antenn ze of ants 
and spoke of them as organs of smell. 

J. W. and E. S. Peckham ('87) found that with three excep
tions all the spiders experimented upon by them gave responses 
to strong smelling substances, but the Epeiriclze alone seemed 
capable of hearing the vibrations of a tuning fork. Orb-making 
spiders were the most sensitive to these vibrations, while those 
that make no web gave not the slightest heed to the sounds, 
and in the former the sense seemed to be distributed generally 
over the whole epidermis. 

Wagner ('88) in sisted that the so-called auditory hairs are 
only capable of perceiving tactile sensations. 

Gaubert ('90) consiclerecl the lyriform organs as organs of 

hearing. 

1 Contributions from the Zoi ilogical Laboratory of the Cniversity of Texas, No. 
59 . A thesis submitted to the Faculty of the D epartment of Literature, Science 
ancl Arts of the Cni\·ersity of Texas for th e degree of \laster of Science. 
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McCook ('90) concludes that the senses of smell and hearing 
are very rudimentary and are distributed over the entire body. 
They are located in the delicate hairs which constitute the cov
ering and armature, so that the nervous . system receives through 
these organs or appendages impressions that may be considered 
.analogous to hearing and smell in the higher animals. Further, 
the sense of hearing can scarcely be distinguished from that of 
touch as it is known to us. He thinks that e\·en in the orb
weavers there -is no true sense of hearing, but that the web fila
ments transmit the vibrations and the sensation is tactile rather 
than auditory. 

Pocock ('93) found spiders sensitive to heat, provided with 
acute sense of taste, with defective sight and no hearing what
ever. 

Dahl (: 04) designates the auditory hairs as trichobothria and 
makes an elaborate classification of suborders according to their 
distribution. 

The two species used by me for experiment are Geo(ycosa 
texana Montg. and Pardo.frl mcrcuriahs Montg. and are found 
in great abundance in Austin, Texas, and its vicinity. The 
large Geolycosa texana lives in underground holes of -~ to 1-} 
inches in diameter and digs its home on creek banks or in the 
fields wherever the ground is comparatively clear except for a 
dose sod of native grass. Pc1rdosa m ercurialis has been found 
mainly under small surface stones along the banks of streams 
or in the dry beds during droughts, but sometimes occurs in 
great abundance far from \Yater .. 

The specimens used for the observations were kept in cages 
made by fastening glass plates together at their edges with 
gummed linen, as described by Montgomery (: 03). 

I. ExPERJ:\IEXTS o~ HEARL\"CT. 

The apparatus used for these experiments were tuning forks 
of I 28, z 56, 320, 384 and 5 I 2 vibrations and a specially pre
pared, isolated cage. The cage was made of three glass plates 
fastened with gummed linen and covered with black paper, 
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except on the bottom. A small hole was ldt in the paper of 
one side to admit light and one in the top for observations. 
The bottom was of mosquito netting which served to admit 
the sound waves from below. The cage, supported at the three 
corners by wooden posts 1 o mz. high, rested on a wooden float, 
the float in a stone jar filled with water and attached to it by 
rubber bands. A layer of sawdust three inches thick isolated 
the jar and stool upon which it stood from vibrations from 
without. The apparatus, though placed in a quiet, darkened 
corner of the laboratory, was used only when there were as 
few outside disturbances as possible. 

a. Geolycosa tcxana Montg. 

<.? No. I 3 was placed in. the hearing cage and left unmolested 
one hour. At the encl of that time successive trials were made 
with tuning forks of I 28, 2 56, 320 and S 12 vibrations, but no 
response whatever was obtained. At two later dates the 
experiments were repeated but with no more definite results. 
The same results were obtained with three other females, in 
each case using all the tuning forks. Also a male, after 
remaining quiet one hour in the hearing cage was tested with 
all the forks but gave no response. 

b. Parclosa mcrcuria!is Montg. 

9 No . 5 was placed in the hearing cage and after an hour's 
intermission was tested with the forks but remained perfectly 
quiet. She was left in the cage over night and tested next 
morning but gave no response. 

<( No. 6 was tested by three separate series of experiments, 
the first after two intervals of an hour and the third after a half 
hour had elapsed, but she did not respond to any of the sounds. 
During the first series she cleaned her palps and legs in the 
normal way as if nothing unusual were happening. No 
responses were obtained on similar experiments with two 

other females and a male. 
At another time a steel bar which gave a pitch of approxi-
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mately 2 300 vibrations was suspended abm·e the hearing cage 
and struck repeatedly with a metal hammer. Eight fresh speci
mens were placed successively in the cage but no spider made 
any motion that could be interpreted as a response to the 
sound. 

Again, a mason's trowel was held near the cage and struck 
several times with a metal bar producing a loud, crashing noise, 
but the spiders made no motion whatever. 

2. EXPERDIEXTS ox SMELL. 

These experiments were undertaken to ascertain first whether 
the spiders possessed the sense of smell and second to localize 
the same, if possible, in case it was found to exist. The experi
ments were made mostly upon Pardosa mercurialis. 

Two classes of the essential oils were used as tests . Those 
of the first class were the non-irritants, lavender, cedar, winter
green, almond, juniper-berries, bergamot, cassia and cloves; of 
the second class, those irritants that will cause sneezing in man 
were oils of mustard and black pepper. The results from the 
use of the two irritating oils were essentially the same as those 
for the stronger oils of the non-irritating class, and the reac
tions were the same in every case only that they were more 
intensified \vith the oils of stronger odors. 

The hearing cage was used for the smell experiments. 
Small glass rods were dipped into the oil and the drop that 

adhered was held immediately below the cage. In each case 
the spider seemed repelled to a greater or less degree corre
sponding to the strength of the oil, and in no instance was it 
attracted toward the stimulus. The males and females gave 
exactly the same response, thus showing that neither sex has a 
superior sense of smell. 

The responses were ( 1) turning away and moving as far as 
possible from the odor, (2) vibratory movements of the palps 
and mandibles, (3) raising each leg as the oil is applied beneath 
it. In some cases all the responses were given to a single 
stimulus, in others only one, or a combination of either two. 

Experiments were made first on unmutilated specimens to 
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ascertain the normal reaction to odors, then upon individuals 
variously mutilated in order to localize the olfactory sense. 

a. Obscr1.1ations on Unmutilated hzdi7.1iduals. 

La,vender.- Tes ts were made wit'h eight females and seven 
males and each responded by running from the stimulus. In 
four cases this was accompanied by motions of the palps and 
mandibles. 

Willtergrcen. - Seven females and four males. In five cases 
the palps gave definite vibratory responses and in the others the 
spiders turned away. 

Bcrgamot. - Six males and six females. Each time the 
spiders turned away, and in seven instances responded with 
motions of the palps. 

Cassia. - Six males and six females. All but one turned 
quickly away, and eight gave vibratory motions of the palps. 

Cl01.1e. ·- Six females and five males. One female gave no 
response, six gave movements of palps and mandibles, while ten 
responded also by turning away. 

Cedar. - Eight females and six males. The responses were 
quite indefinite, palpal vibration in two cases, and in four there 
was no motion whatever. 

Almond.- Seven females. No palpal movements were given 
and the spiders turned away indifferently. 

Juniper-berries. - Eight females and six males. The re-
sponses were quite slow and consisted generally in turning 
away. The palps were moved slightly but not in a vibratory 

manner. 
l/llustard. - Six males and eight females. The responses 

were no more decided than those given to strong oils of the 
non-irritating class. In only one instance were there definite 
palpal movements, and the spiders usually turned quickly away 
at first, then later more slowly, as if overcome by the odor. 

Black pepper. - Six males and six females. The responses 
were quite slow and given after prolonged stimulation. Vibra
tory motions of the palps were entirely lacking. 
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b. Obscrz1ations on lndi£1id11aLr witlz J>alj>s extracted. 

It next seemed desirable to determine the location of the 
olfactory sense, and for this purpose the oils that produce defi
nite results with the unmutilated individuals were used exclu
sively. 

Both palps were extracted with forceps at the femoro-tro
chanteral joint from twelve females and six males, and after a 
week had elapsed experiments were made with three non-irri
tating oils, lavender, wintergreen and bergamot. 

La·iJendcr.- In every case the spider gave definite responses 
to the stimulus. ·when the drop of oil was held directly beneath 
each leg successively, each responded by a slight, quick, upward 
jerk. Almost without exception the first pair were raised 
highest and held poised in the air several moments or until the 
other legs were stimulated. The second pair were not raised so 
high as the first, nor the third pair so high as the second, and 
rarely ever both at the same time. The fourth pair were usu
ally raised only a little distance and then drawn up closer to the 
body while the spider moved away. 

T¥intergrecn . - The same specimens, twelve fern<lles and six 
males, were used and practically the same results were obtained. 

Bergamot.- A similar series of experiments was performed 
on the twelve females and responses corresponding to the 
above were given, though bergarnot appears to offer a weaker 
stimulus than the other two oils used. 

Cassia.- The palps were extracted from twelve other males 
and six other females and experiments were performed after 
twenty-four hours. In only one instance did the spider fail to 
respond, all others showing the usual reactions - the first pair 
of legs responding most definitely and the others less so. The 
spiders usually turned away after a few applications of the 
stimulus. 

c. Observations 'lvit!t tlze First Pair of Legs Rnnoved. 

In five females and six males the palps were left intact but 
the first pair of legs were similarly removed with forceps. The 
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responses were exactly the same as in the foregoing series 
Thus it was shown that the sense of smell is not localized in 
the palps nor in any one pair of legs, but that each is capable of 
perceiving the stimulus to a certain degree and of giving a defi
nite response to it. 

d. Obseruations on hzdit.1id11als 7.uitlt t!te Sense Hairs rcmo7.h'd. 

The theory has several times been advanced that the long, 
spiny hairs on the legs of these spiders are organs of special 
senses, accordingly all these hairs were cut off the tarsi and 
tibia of male No. 94 and after twenty-one hours it was tested 
with lavender oil. Each leg responded as do those from 
which no spines were removed. 

Female No. 95 had the hairs cut from the entire leg and each 
leg sand-papered, still it gave the normal response to bergamot 
twenty-one hours after the operation. 

Female No. 96 had all the legs sandpapered, yet after only 
an hour's time it responded normally to bergamot, raising each 
leg in succession . 

Male No. 97 had the tarsus of each leg removed and the 
spider seemed to suffer more than when an entire leg was cut 
off. However after twenty-two hours it responc~ed normally to 
bergamot, raising each leg as it was stimulated. It was not 
considered safe to cut the legs at any higher joint, but the 
experiments seem to indicate that the entire leg possesses the 
ability to perceive sensations of odors. 

3. CONCLUSIONS. 

1. Neither Geolycosa nor Pardosa respond to tuning forks 
of I 28, 2 56, 320, 384 and 5 12 vibrations. No responses 
were given to a metal bar of approximately 2300 vibrations 
nor to the crashing sound of a metal plate when struck with a 
bar. Therefore it is quite probable that these spiders do not 

hear at all. 
2. It might be supposed that possibly this extreme quiescence 

was itself an indication that the spiders perceived the tones and 
responded in this way; however the fact that these spiders . 
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remain motionless in their cages for hours together seerns to 
prove that the sound is not perceived in any measure, or at 
least that it produces no response. AH parts of the body are 
extremely sensitive to touch and the spider responds immedi
ately if it or the cage comes in contact with the vibrating 
tuning fork. 

3. Males and females respond exactly alike to stimuli of 
smell and hearing. 

4. Pardosa responds normally to the essential oils by turning 
away, making Yibratory movements with palpa and mandibles, 
and raising each leg as it is stimulated. 

5. Individuals from which the palps have been removed 
respond to odors normally with each leg. 

6. Individuals with the first pair of legs removed respond 
normally with the palps and the remaining three pairs of legs . 

7. Spiders that have had the sense hairs cut off or sand
papered respond as do normal specimens. 

8. Specimens with the tarsal joint cut from each leg re,spond 
as usual by raising each leg when stimulated. 

9. From the foregoing results it seems quite evident that 
the ability to perceive odors is distributed over the whole 
integument of the spider and there is no definitely localized 
olfactory organ. 

The work for this paper has been done entirely under the 
direction of Dr. T. H. Montgomery, Jr., and the writer is 
indebted to him for many Yaluable suggestions as well as 
sympathetic interest and encouragement. 
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ON THE ANATOMY AND EMBRYOLOGY OF THE 
NERVOUS SYSTEM OF THE SCORPION. 1 

J. F. McCLENDON. 

Early in May, 1903, at the suggestion of Dr. William 
Morton Wheeler, at that time professor of zoology in the Uni
versity of Texas, I began collecting females and preserving 
embryos of the scorpion here considered. I found the scorpions 
under stones on certain hills covered with scrub oak, scrub cedar 
or grass in the neighborhood of Austin, Texas. They pr.efer dry 
areas with an abundance of broad, flat stones, or at least stones 
lying loosely on the ground, under which they hide. The first 
scorpions collected (May I 3) contained eggs in early cleavage 
stages, and the last scorpions taken that year, June 1 o, contained 
embryos with pigment well developed in the eyes. The next 
year the scorpions developed earlier, and by the first of June I 
procured successive stages of the embryo up to the time of birth. 
Most of the work was done at the University of Texas during 
the session of I 903-04, under the direction of Dr. Thomas H. 
Montgomery, professor of zoology. 

MATERIAL AND METHODS. 

The species of scorpion I worked on is that described and fig
ured by R. J. Pocock in the Biologia Centrali Americana under 
the name of Centrurioides vittatus Say. I sent some specimens 
to Professor Kraepelin, and he identified them as Cmtmms in
famatus C. L. Koch. This is probably synonymous with 
Scorpio carolinianus Palisot de Beauvois, and probably the spe
cies Patten (I 890) worked on, But/ms carolinianus, as stated in 

his paper. 
The embryos, either in the ovarian tubules or dissected out, 

were fixed in Lee's picro-acetic, Kleinenberg's picro-sulphuric, or 
Tower's alcohol-corrosive-aceto-nitric (Zoo!. Jallr. Anat. Outog. 
d. T!tiere, Vol. 17, heft 3, 1903). As all the embryos taken from 
one mother are in the same stage of development it is convenient 

1 Contribution from the Zoological Laboratory of the University of Texas, No. 60. 
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to keep them in a separate vial. The embryos may be studied 
in alcohol, but for cleared preparations the following process was 
found to give good results: The yolk was removed with needles 
and fine brushes and the embryos were then stained in Delafield's 
hc:ematoxylin, diluted with water acidulated 
with a trace of picro-sulphuric, dehydrated 
with alcohols acidulated with the same and 
mounted in balsam. The intensity of the 
stain must be controlled by the proportions 
of the stain and acid used, and the time they 
are allowed to act. Eggs for sectioning were 
imbedded in paraffin and the block cut so as 
to remove as much of the yolk as possible 
without injury to the parts desired, then re
imbedded and sectioned and stained in Hei
denhain' s iron-hc:ematoxylin. It is difficult, 
even with the use of the mastic-collodion pro
cess, to obtain perfect series of the entire 
·egg. Embryos ready to hatch could be to 
some extent dissected, but contained a large 
amount of yolk. FIG. ·I. Camera lu

cida drawing of the 
right side of a cleared Adults for dissection were opened while 

fresh and the blood washed out and liver surface preparation of 

partly removed in physiological salt solution, the embryo of Cen

then hardened in weak alcohol. Adults for trurioides vittatus as 
early as the neurome-

sectioning \\'ere taken immediately after moult- res are clearly distin-

ing and injected with Flemming's fluid, in guishable, X 45. ch, 

which they were left six days, followed by cbelicera; ni-;, first 
to seventh neurome-

pyroli2"neous acid (v. Mahrenthal), or pyro- b "' res; o, mout . 
gallic acid (Hermann) for two or three days ; 
or they were stained with Heidenhain's iron hc:ematoxylin after 
any good fixative. This latter process brings out the nerve
fiber tracts in the fibrous substance of the nerve center. In 
staining on the slide, parts of sections were often washed off, 
though they had been attached with Meyer's albumen fixative, 
flattened with the aid of warm water, and dried for twenty-four 
hours. To prevent this I took the slides after drying and 
painted them with three fourths per cent. celloidin (Gage) and 
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dried them again. After this treatment 
no sections came off unless they were 
left too long in absolute alcohol. 

HISTORICAL. 

As early as 1870, Metschnikoff repre
sented the neuromeres as paired thicken
ings of the ectoderm on surface views of 
the scorpion embryo, there being one neu
romere for the segment bearing the eyes, 
one for the segment bearing the chelicera 
and so on for succeeding segments back 
to the point where the fold of the post-ab
domen hid them from view. A "long
itudinal furrow" runs from the mouth 
backward, separating the two halves of 
each neuromere. His figures show also 
the relation of the anterior neuromeres 
to the mouth - that is to say the mouth 
is formed in the first segment and during 
development moves to the posterior part 
of the second segment, by which process 
the second neuromere becomes pre-oral. 

Kowalevsky and Schulgin ( r 886) de
scribed the transformation of undifferen
tiated ectoderm into nervous tissue. The 

Fie. 2. Second stage of 
same, X 45 . The post-ab- ectoderm, in the regions of the future 
domen is turned under to ganglia, begins to thicken and the cells 
show the posterior neurom- to increase in number rapidly and minute 
eres. ab I -7, first to seventh 

Pits are formed all over its free surface. 
abdominal appendages; ci 1, 
first cerebral invagination, These pits are gradually filled up by the 
to join later with its fellow growth of the cells forming their walls. 
of the opposite side to form This method of cell increase and growth 
the semi-lunar Jobe; ci2, 
second cerebral invagina- was supposed by the writers to possess 
tion; n1-u, first to four- peculiar advantages. Unfortunately they 
teenth neuromeres. gave no figures. 

Saint-Remy made a comparative study of the" brains" of differ
ent groups of air-breathing arthropods, which he published in 
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several papers, the last of which (1887) contains the results of 
all his work on the subject. He worked out the nerve cell
groups and the nerve fiber-tracts 
and came to the conclusion that 
there are tzuo pre-cheliceral neu
romeres in the scorpion. But 
his observations do not seem to 
support his conclusions, for, while 
he showed that there are, cor
responding to these two neuro
meres, two pairs of optic lobes, 
he described their nerve-fiber 
tracts communicating with the 
interior of the "brain" as united 
to form one. He showed great 
complexity in the structure of 
the " brain." 

In I 890, Patten, in a prelim
inary paper on the origin of ver
tebrates from arachnids, com
pared the arachnid cephalothor
ac1c nerve mass, or "brain," 
with the vertebrate brain, turn
ing the former up-side-down in 
<Order to get the proper relation 
with the digestive tube. In the 
scorpion embryo he found three 
precheliceral neuromeres, each 
with a pair of optic ganglia. In 
each optic ganglion was an in
vagination. The cephalo-thor
adc nerve mass was composed 
of thirteen neuromeres. In the 
adult, a typical neuromere had a 
pair of " neural " nerves and two 

r 

; ·· :'.: ·~~1j~::>·.·~x· 

~1 
---~~~~~~~~~~~~~-' 

FIG. 3. Third stage of same, X 45. On one side the head is represented as an 
opaque object. a, anus; ab1, first abdominal appendage ; ec, anterior margin of the 
ectoderm growing over the first neuromere ; n 2o, twentieth neuromere ; ol, ectodermal 
thickening to form the lateral eye; om, ectodermal invagination to form the median 
eye sac ; sl, semilunar lobe ; r, rostrum. 
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pairs of '' hcemal" nerves, and each neural nerve had a ganglion at 
its base. The first neuromere was nerveless; the second had a pair 
of neural nerves to the median eyes and a pair of hcemal nerves 
to muscles; the third neuromere had a pair of neural nerves to 
the lateral eyes and two pairs of h~mal nerves to muscles; neur
omeres four to nine had each a pair of neural nerves to append
ages and two pairs of hcemal nerves to internal muscles. The 
last four neuromeres had their neural nerves all united into one 
pair, that innervated the pectines, but each had two pairs of hcemal 
nerves which went to make up a system homologous to the vagus 
nerve of vertebrates. In each of the neuromeres succeeding the 
"brain" there was one pair of neural nerves, and oniy one pair 
of hcemal nerves well developed. These two pairs of nerves 
united a short distance from the nerve center to form a single 
pair homologous to spinal nerves of vertebrates. Patten figured 
the pits that form in the neuromeres in the early embryonic stages, 
and he supposed that they represented sense-organs from which 
the nervous system arose. In the course of development a piece 
is constricted off of each ganglion of the ventral chain in each 
segment and added to the succeeding ganglion. 

Viallanes' work ( r 893, 2) was chiefly on Limulus and does not 
bear directly on our subject, but it is interesting to note that he 
held the view that there is only one pre-cheliceral neuromere in 
the arachnid type of nervous system. 

Braner (I 894-5) worked out the earlier half of the embry
ology of the scorpion. He clearly described and figured the 
early development of the eyes and their relation to the nervous 
system, a matter that had been confused by all previous workers 
on the subject. He supported Kowalevsky and Schulgin's ex
planation of the pits in the embryonic nerve tissue, rather than 
Patten's. The ectoderm was found to grow over the ventral 
chain from the sides. Brauer reckoned the number of neu
romeres by the cross-commissures, there being two in front 
of the cheliceral segment. But it is not evident why he 
should count cross-commissures rather than nerves or ganglia, 
which are equally characteristic parts of a neuromere. Such 
a criterion for neuromere would hardly be accepted in a form 
like Peripatus. 
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Laurie (I 896, I and 2) described the variation in positions of 
the abdominal ganglia in different species of scorpion. 

Police described the anatomy of the nervous system of the 
scorpion (I 90 I, I) and the histology of the subintestinal portion 
(I 90 I, 2 ). He described the typical neuromere as a pair of 
ganglia fused in the mid-line and giving off two pairs of nerves, 
u external" and " internal." The longitudinal connectives con
tinue through the fibrous substance of the nerve center as a pair 
of "central columns," which are connected by two tracts of 
commissural fibers, anterior and posterior. There is also a pair 
of "ventral columns." The central columns send nerve fibers 
into both pairs of nerves, those going into the internal nerves 
leaving the columns at the posterior cross-commissure. The 
ventral columns send nerve fibers into the external nerves. This 
classification of the nerves as "external " and " internal" is un
fortunate, for, although in some abdominal neuromeres the ex
ternal nerves do arise from a broader part of the nerve center 
than the internal, and are properly described by the name, in the 
thoracic neuromeres they do not. They had better be described 
as anterior and posterior, since during the early embryology they 
all conform to this description. 

Lank ester (I 904) held the view that there is only one pre
cheliceral neuromere. 

DESCRIPTIVE. 

Stage I . - (Fig. 1.) This is the earliest stage in which the 
neuromeres can be clearly disting uished from the rudiments of 
the appendages. In addition to the telson, which is not con
sidered as a segment in the strict sense of the term, eleven seg
ments have been formed. Appendages are appearing on segments 
two to seven. Neuromeres can be distinguished on segments 
one to seven, being represented by paired thickenings of the 
ectoderm indented with small pits. The first neuromere, com
posed of a pair of " cephalic lobes,'' is much larger than any of 
the others. The oral invagination (o) is appearing in the first 
segment. From the mouth backward to the tenth segment in 
this stage is a median depression, the longitudinal furrow of Met
schnikoff or median furrow of Patten. The depression is caused 
by the ectoderm being thinner in this region. 
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FIG. 4. Fourth stage of same, X 45. er, anterior margin of ectoderm growing over 

the first neuromere ; !b1, first lung book; mx, maxillaria; er, cesophagus; o!, latera
eye; om, median eye sac; s!, semilunar lobe. 

FIG. 5. Fifth stage of same, X 45. a, anus; ab1 - 2, first and second abdominal 
appendages ; ec, anterior border of ectoderm growing over first neuromere ; lb' first, 
lung book; ol, lateral eye ; sl, semilunar lobe; 4A, anterior nerve of the fourth 
neuromere 4P, posterior nerve of fourth neuromere. 
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Stage 2. - (Fig. 2.) Seventeen segments have formed. Ap
pendages are present on segments two to fourteen and neuro
meres in segments one to fourteen. The median furrow is con
tinued backward and is very broad in segments t\velve to 
fourteen, a condition probably due to the pressure of the post 
abdomen, which is turned under the pre-abdomen during the 
development of the embryo and not straightened out as shown 
in the figure. In addition to the numerous pits two pairs of 
invaginations have appeared in the first neuromere (ci1, ci2). 
These invaginations, while larger than the pits, are probably 
similar to them physiologically, for like them they are only tem
porary structures, being finally filled up by the growth of the. 
cells forming their walls. Pits like those in the neuromeres have 
formed, externally and internally at the bases of the thoracic 
appendages and probably represent sense organs, as Patten main
tains. It is not probable however that the pits in the neuromeres 
represent sense organs, since the embryology of the scorpion is 
of so specialized a type that we would not expect to find such 
remotely ancestral structures repeated here, when not repeated 
in more generalized types. The mouth has begun to move back
ward. This is accomplished in two ways: First there is an actual 
di;placement, the ectoderm surrounding the mouth being thin 
and probably offering little resistance; second, the mouth opening 
elongates and the anterior portion closes by the growing together 
and fusing of the two sides, the remaining opening being further 
back than the center of the original opening. The closure of the 
anterior portion of the mouth forms a lip called the rostrum 
(Fig. 3, r). It is thought by some that the rostrum represents 
the fusion of a pair of appendages. That it is formed by fusion 
is clear, but the only evidence I see in favor of regarding it as 
derived from appendages is the fact that in the later embryo and 
the adult it is innervated by a special nerve (Fig. 8, R). This 
nerve innervates the muscles of the anterior part of the ~soph
agus, or pharynx, also and might as well be called a pharyngeal 
as a rostral nerve. 

Stage J. -(Fig. 3.) Twenty segments, the complete number, 
have formed, and neuromeres are present in all of them. In the 
anterior part of each of segments three to twelve an elliptical 
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FIG. 6. Sixth stage of same, X 45. The cephalo-thoracic append;iges have been 
removed. Some of the details have been filled in from a study of serial sections. 
a, anus; abZ, second abdominal appendage; ec, anterior border of ectoderm grow
ing over first neuromere; mx, maxillaria; n 20, twentieth neuromere; o!, lateral eye; 
st, semilunar lobe ; 4-13A, anterior nerves of fourth to thirteenth neuromeres ; 3-7, 
9-13P, posterior nerYes of corresponding ne~romeres; zo.' twentieth body segment. 

FIG. 7. Seventh stage of same, X 45· Cephalothorac1c appendages removed; a, 
anus; ab2, second abdominal appendage; cli 1, articulation of the chelicera; n'9+2, 
fusion of the nineteenth and twentieth nerve centers ; o!, lateral eye ; omo, common 
neck of the two median eye sacs; 15-20, fifteenth to twentieth body segments. 
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invagination is forming in the median furrow. The tissue thus 
invaginated is destined to form nerve tissue connecting the two 
halves of the neuromere in each of the segments mentioned. The 
process is carried backward to the posterior segments in later 
stages (Figs. 4, 5). These invaginations have the same appear
ance as the numerous pits so characteristic of the nerve tissue, 
differing from the latter however in time of appearance and in 
shape. The elongated shape is probably due to the narrowness 
of the median furrow. More pits are constantly being added to 
the neuromeres, and the late appearance of those in the median 
furrow is more apparent than real. In no case have I observed 
the invaginations of the median furrow to coalesce and form a 
temporary central canal, as Patten claims to have seen. The 
walls of the first pair of invaginations in the first neuromere have 
thickened and are fusing in the mid-line to form the semi-lunar
lobe of Patten (sl). The ectoderm has begun to grow back
ward over the first neuromere, its free border being shown at ec. 

On each side there is an invagination in the ectoderm close to 
the free border, forming the median-eye-sac (om), and an ecto
dermal thickening, to form the lateral eyes (ol ). The ectoderm 
has begun to grow over the ventral chain from the sides, but this 
is not shown in the figure. Patten describes three pairs of gang
lionic invaginations in the " cephalic lobes " the first of which I 
have represented in Fig. 2, c£1, and Fig. 3, sl. The second, he 
describes in relation to the median eyes. I was unable to find it, 
either in sections or surface views. It is most probable that he 
referred to the ectodermal invagination or median eye sac (Fig. 
3, om). The third he describes in relation to the lateral eyes and 
I have represented it in Fig. 2, ci 2

; it may be seen also in Fig. 
3 near the lateral eye rudiment ( ol ). 

Stage 4. - (Fig. 4.) A glance at Fig. 4 will show that a 
piece is being constricted off of the posterior portion of each 
ganglion in segments eleven to fourteen and it will be seen in 
Fig. S that when the neuromeres begin to separate they do so at 
this newly formed constriction. In other words the posterior 
portion of one neuromere is constricted off and added to the 
succeeding neuromere. Patten supposed the neuromeres to be 
double, and used this fact, of which he was the first observer, to 
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support his view, comparing the process to a re-arrangement of 
pairs of neuromeres. But the parts that are displaced in the 

process are small masses of nerve tissue without nerves or cross
commissures and could not be regarded as neuromeres unless 
associated with separate segments of the body. This, Patten 
attempted to do, supposing the segments of all arthropods to be 
double, as shown by the frequent presence of "bifurcated 
appendages " and the " frequent occurrence of insect monsters 
having double pairs of legs." On the contrary my observations 
and reading lead me to believe that, with the exception of the 
diplopods (julus), it is probable that the segments of all arthro
pods are single. In the scorpion embryo each segment except 
the first has one pair of mesoblastic somites and one pair of 
appendages. 

The semilunar lobe (sl, indicated by a transverse band shaded 
slightly darker) has elongated somewhat and has moved up
ward and backward with the flexure of the anterior part of the 
neural band. In Figs. 5, 6, 7, 8 and 9 this process may be seen 
to continue until the anterior part of the nerve band is first per
pendicular to the posterior or subenteric portion, and then by 
continued flexure bends backward. The ectoderm continues to 
grow over the first neuromere (ec). The mouth has continued 
to move backward, bending the resophagus in the form of an arc 
(a;), compare Fig. 8, a:. 

The appendages of the tenth segment are elongating to form 
the pectines, while those of segments eleven to fourteen have dis
appeared, their place being taken by lung books. Sterno-coxal 
processes, called maxillaria by Patten, have appeared on the fourth 
and fifth segments ( mx). 

Stage 5 . - (Fig. 5.) In this stage the pits have almost entirely 
disappeared from the nervous tissue, being filled up by the growth 
of the cells composing their walls. The ectoderm has grown 
over the ventral chain, which has now become more compact. 
The nerves have begun to assume their definite form (4A, 4P), 
that is to say the peripheral nerve fibers are being compacted into 
nerves that can be distinguished in sections and sometimes in 
surface views. The ectoderm has grown further back over the 
head (ec). Pigment is beginning to appear in the median eyes. 
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Frc. 8. Median sagittal section of an embryo of the 
seventh stage, X 45 ; ce, cesophagus; omo, neck of 
median eye sacs ; nI-20, cross commissures of first to 
twentieth neuromeres ; r, rostrum ; R, rostral nerve ; sl, 
semilunar lobe. 

FIG. 9. Eighth stage of same, X 40; a, anus ; ab2, 
second abdominal appendage ; ch, cheiiceral articulat
ion ; n 15-20, fifteenth to twentieth neuromeres ; sl, semi
lunar lobe ; 15-20, fifteenth to twentieth body segments. 

Stage 6. - (Fig. 6.) The median-eye 
sacs have come together in the mid-line. 
In this stage I have worked out the nerves 
of the first thirteen neuromeres. Typically 
there are two pairs of nerves to each neu-· 
romere: an anterior pair (" hcemal" of Pat-

·:.:·· 

... ~H: 
_. := ~ 1·: •. · _?,: ~· ~··~ :::::/_,,:;',: ·;•"·.~·._4·~i 

.· .. -.)J 

-. · .. . . . . . . . . ~ ; : 
.··~>-

·.· ;i.o . 

a 
:·:·:·.v·:· 



NERVOUS SYSTEM OF SCORPION. 50 

ten, "external" of Police) and a posterior pair ("neural" of 
Patten, "internal" of Police). In Fig. 6 the anterior nerves are 
shown in neuromeres four to thirteen (4-1 3, A) and the posterior 
nerves in neuromeres three to seven and nine to thirteen (3-7. 
9-13, P). In the eighth segment the appendages have disappeared, 
and this may be the reason for the absence of the posterior nerves 
of this segment, which would normally innervate these append
ages. The first neuromere has a pair of nerves that innervate 
the median eyes and a pair of nerves that innervate the lateral 
eyes. The second neuromere has a pair of nerves that innervate 
the chelicera and a median unpaired nerve that passes along the 
cesophagus to the rostrum. This rostral nerve may be a fusion 
of the anterior nerves of the second neuromere. The cheliceral 
nerves are serially homologous with the posterior nerves of the 
segments bearing walking legs . For the same reason I have 
called the single pair of nerves of the third neuromere posterior 
nerves. The twentieth neuromere is being drawn up into the 
nineteenth segment (n 20 ). 

Stage 7. - (Figs. 7 and 8.) By a comparison of Fig. 7, which 
represents the nervous system as more or less transparent, with 
Fig. 8, which represents a median sagittal section of the nervous 
system with an outline of the ectoderm, I hope the reader may 
get a general idea of this stage of the embryo without the neces
sity of reading much description, and I will call attention only to 
special points. 

The median-eye sacs have come together in the mid-line and 
open by a common neck (omo) to the exterior. Nerve-centers 
nineteen and twenty have completely fused. In the first neuro
mere there are two cross commissures, a fact which leads many to 
suppose that we have here two neuromeres, as does also the fact 
that it contains two pairs of optic lobes and two pairs of optic 
nerves. As to the optic lobes : Saint-Remy has shown that they 
are intimately associated by their nerve tracts. The significance 
of the optic nerves in relation to the segmentation cannot be 
determined here, as they cannot be homologized with anterior or 
posterior nerves of succeeding segments, for, on the one hand, it 
is doubtful whether their end organs represent appendages and, 
on the other hand, their roots cannot be traced to the ventral or 
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central columns of Police, 
as these columns cannot be 
distinguished in the first 
neuromere. 

Stagc8 . -(Fig. 9.) The 
changes that have taken 
place since the preceding 
stage are slight, and may 
be easily seen by compar
ing Figs. 7 and 9. . It may 
be noted that the fifteenth 
nerve center has shifted to 
the sixteenth segment, the 
seventeenth nerve center to 
the eighteenth segment, 
and that the eighteenth, 
nineteenth and twentieth 
nerve-centers lie in the 
nineteenth segment. 

Stage 9. -(Fig. IO.) 
This represents the embryo 
at the time of birth. The 
definitive outer form has 
been attained but the gang
lia are proportionally larger 

FIG. 10. Xinth stage (at the time 
of birth), X 34. Drawn with the 
camera lucida from two cleared pre
parations, and compared with di s
sections aud series of sections. ab2, 
second abdominal appendage form
ing the genital opercula; ch, chel
icera; p, base of pedipalp ; l 1-4, 
bases of walking legs ; n12-20, 

twelfth to twentieth neuromeres ; 
12-19, twelfth to nineteenth body 
segments. 

FI G. 11. Tenth stage (adult), 
X 7. Camera lucida drawing of a 
dissection from the dorsal side. 
nl2-20, twelfth to twentieth nerve 
centers; 16-w, sixteenth to twen
tieth body segments. 
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than in older individuals. A further displacement of nerve cen
ters results in that of the fourteenth segment being located in 
the fifteenth. 

Stage Io. -(Figs. r 1-13.) This is the adult stage, and since 
there is little change in the nervous system after the first moult, 
except increase in size, it will apply equally well to young or old 
individuals. 

I have not been able to add anything to the excellent work of 
Saint-Remy and of Police ( 1901, 2) concerning the internal 
structure of the nerve centers. The nervous system of the 

FIG. 12. Tenth stage (adult), X 34. Drawn from a plastic model of the cephalo
thoracic nerve mass made with the aid of dissections and series of sections in three 
planes. OL, lateral eye nerve; Ollf, median eye nerve; R, rostral nerve; 2P, 
cheliceral nerve; 2P1, branches of cheliceral nerve; 3P, pedipalp nerYe; 3P1, 

branches of pedipalp nerve running parallel a short distance; 4-II A, anterior nerves 
of neuromeres four to eleven ; 4-7, 9-1 IP, posterior nerves of corresponding 

neuromeres. 

scorpion has been dissected and figured by many skilled ob
servers, but in the light of my observations on the embryology 
perhaps I may call attention to some facts of interest. 

Each cheliceral nerve (Fig. I 2, 2P) gives off two small 
branches ( 2P1

) just before piercing the outer neurilemma. Pat
ten figures two small nerves in this position which he calls the 
" anterior and posterior hc:emal nerves " of this neuromere, but 
from a study of their development I feel certain that they are 
merely branches of the cheliceral nerve. 

Patten describes and figures a large ganglion in connection 
with a branch of the pedipalp nerve and a branch of the "anterior 
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hc:emal " nerve of the same neuromere. What he calls the " an
terior hcemal" nerve is another branch of the pedipalp nerve. 
I have carefully studied the nerves in the region where he de
scribed the ganglion (Fig. 12, 3P1) but have been unable to find 
the ganglion. 

The nerves to the thoracic appendages and the pectines are 
larger, and arise from a more ventral part of the cephala.-thoracic 
nerve mass than the other nerves and are classed by Patten as 
" neural " nerves. Fig. 1 2 shows how I have classified these 
nerves from a study of their development better than a description 
would do. In Fig. 11 I have shown that neuromeres eleven to 

n' 

v 

FIG. I 3. Tenth stage (adult), X 34. :\ledian sagittal section of cephalothoracic 
nerve mass. n 1 -n, first to eleventh neuromeres; R, rostral nerve; st, stratified 
organ of Saint-Remy; vv, blood vessels between the neuromeres. 

twenty innervate not only their corresponding segments, but each 
sends nerves to muscles lying in the succeeding segment. It is 
possible that the myomeres as well as the nerves are displaced 
somewhat backward. Patten claims that in the scorpion some 
nerves wander to segments to which they did not originally 
belong, and describes certain nerves (Fig. 12, 9A, 9P, 10A, 11A, 

I IP) as " vagus " nerves. Police (I 90 I, I) denies that this is 
true, and with the exception stated above, it is not true accord
ing to my observations. 
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SUMMARY OF RESULTS. 

In the scorpion there are twenty neuromeres, corresponding to 
the twenty body segments (not considering the telson as a 
segment). 

The type of neuromere in the early embryo consists of a pair 
of ganglia fused in the mid-line and two pairs of nerves, anterior 
(" hcemal" of Patten "external" of Police) and posterior(" neu
ral " of Patten "internal " of Police). 

The first neuromere departs strikingly from the typical neuro
mere as the segment containing it departs from the typical seg
ment. The second neuromere has no anterior nerves unless they 
have fused to form the rostral nerve. The third neuromere has 
no anterior nerves. The eighth neuromere has no posterior 
nerves. The remaining neuromeres are typical. 
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THE DEVELOPMENT AND STRUCTURE OF THE LARVA OF PARAGORDIUS. 

BY THO:'.\'IAS H. l\10XTGO~IERY, JR., 

Professor of Zoology in the University of Texas 

The embryology of the Gordiacea is a subject full of mystery and 
interest, notwithstanding the attempts at its solution. It is one 
fraught with technical difficulties, and one where the obtaining of 
material is usually a matter of chance. With a peculiar delight then, 
after many vain attempts to collect the eggs, I found in March and 
April of the present year numerous adults of both sexes, with egg
strings in abundance, of Paragordius 1:arius (Leidy) in a small stream 
that passes through the town of Austin, Texas. 

Ovipositing females were brought to the laboratory, and the egg
strings kept for weeks in small jars of water aerated by plants. The 
full-formed larval stage is reached in from ten to twelve days, and 
these larvre live for more than a ·week longer before they leave the 
egg-membranes. After leaving the latter they live for only a few 
days unless they reach their proper host. 

In Texas, as in Pennsylvania, the last host is the large cricket 
(Acheta abbreviata); in this host are found individuals from about one
third the ultimate size to the adult stage. As is well known for all 
the species of Gordiacea, the adults leave their terminal hosts and come 
into the water, where the eggs arc fertilized and laid. Whether the 
cricket is the only host of Paragordius varius, or whether there is a pre
ceding one into which the larva first enters, I have not yet been able 
to determine. Attempts were made to infect crickets 'vith larvre, by 
crushing the egg-strings containing the latter so as to liberate the larvre, 
and placing drops of water filled with the larvre upon grass fed to the 
crickets. None of the adult crickets lived longer than a month in 
confinement; and each one out of about 75 kept under observation 
was examined in vain at the time of its death for Paragordius larvre. 
Crushed egg-strings were placed in water containing Amphipods 
(Gammarids); at the end of two weeks the Amphipods showed numer
ous larvre encysted in the intestine and musculature, but these larvre 
underwent no further development. Terrestrial Isopods ( Oniscus) 
found in damp places were placed in contact with water containing 
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larvre, and such water was dropped upon their mouths; two weeks 
later a single one of them showed a single larva in the intestine, en
cysted but dead. Pieces of egg-strings were placed in aquaria with 
brook minnows; the fish some three weeks later showed larvre encysted 
in the intestine, and a few in the muscles, but here again no further 
development of the larvre was obtained. Finally infection attempts 
were made with tadpoles of Bufo. The first lot of tadpoles were small 
(but operculum present), and crushed egg-strings were placed in their 
water on April 12; most of the tadpoles died between the 16th and the 
18th of April, the last on the 19th; the autopsy showed large numbers 
of larvre (not encysted) in the intestine, but most if not all of the larvre 
were dead. About the same results were reached with two other lots. 
Larvre placed in water containing mosquito larvre (Culex) encysted 
themselves in the mosquitoes and soon caused their death. 

These results are, of course, quite indecisive, except in showing that 
mosquito larvre and toad tadpoles cannot be normal hosts of the 
parasites. So I have not been able to secure the early post-larval 
development of Paragordius, and in the present contribution shall 
deal with that literature only which concerns the development up 
to the larval stage. 

Since the ultimate host is a land insect, while the parasites are at 
first aquatic, it is of value to determine how long the mature worms 
can withstand desiccation. One adult female within a few hours after 
emerging from a cricket was placed in a dry dish; four hours afterward 
she was alive, but with dry cuticle; eighteen hours afterward she was 
shriveled up and did not resuscitate on being placed in water. Several 
adult females, a few hours after escaping from crickets, were placed in 
an open dish on moist filter paper; twenty-four hours afterward they 
were still alive though the body surface was dry, and on placing them 
in water they lived for several days. Egg-strings when dried shrivel 
up and the eggs die quickly. 

Portions of egg-strings at timed periods were preserved in three 
fixatives: Zenker's fluid, made up of 5 per cent. of corrosive sublimate 
and 5 per cent. of glacial acetic acid in Muller's solution (bichromate 
of potash 2 parts, sulphate of soda 1 part, water 100 parts); a mixture 
of 95 per cent. alcohol, 3 per cent. nitric acid, and aqueous solution of 
corrosive sublimate in equal parts; and a mixture of glacial acetic 
acid IO parts, and 95 per cent. alcohol 90 parts. The fixation with 
Zenker's fluid is by far the best of these, producing no distortion and 
preserving admirably doJicate cellular details. To my surprise I found: 
contrary to the results of other workers, that the ova, despite their 
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membranes, are readily penetrated, and that all alcoholic and strong 
acid solutions are to be avoided. Flemming's fluid ( osmic acid, acetic 
acid and chromic acid) penetrates easily, but blackens the tissues too 
quickly. A fixation of three to twenty hours in Zenker's fluid is 
followed by rinsing in distilled water for fully the same length of time; 
then the egg-strings are brought through successive alcohol grades up 
to 83 per cent. They remain in the latter for several days, then are 
brought down gradually to distilled water. With each egg-string in a 
narrow, round-bottomed vial, I take a glass rod and thoroughly crush 
the egg-string in water after it has been well hardened in alcohol; thus 
the eggs are easily freed from each other and none are lost. An 
aqueous stain is then poured upon them; and for material fixed in 
Zenker's fluid I found Delafield's hrematoxyline, diluted with an equal 
volume of water, for two to three hours, the best. The ova, still within 
the same vial, are brought up through successive grades of alcohol to 
absolute alcohol, half an hour in each grade; then into a mixture of 
equal parts of absolute alcohol and xylol; then into pure xylol. They 
are then mounted in Canada balsam. These methods have been given 
in detail, because only after numerous failures have I been able to 
secure fine preparations. In the structure of the larva much can be 
determined by study of it in life. And one can best investigate the 
armature of the proboscis by causing it to be permanently evaginated 
through treatment with a rather strong aqueous solution of caustic 
potash; this swells up the whole body. Sections were made of numer
ous egg-strings, but the paraffine imbedding causes great distortion 
of the cells, and it is necessary to imbed for several hours. The 
whole mounts of the ova and larvre were the most instructive. 

1. THE EARLY DEVELOPMENT. 

The structure of the adult reproductive organs has been previously 
described by me (1903) in detail, and it is necessary here to recall only 
a few points to make the development clear. The ovaries are a pair 
of long tubes extending nearly the entire length of the body, each con
sisting of a longitudinal tube, the "uterus" of the authors, and of very 
numerous lateral diverticula or pouches, "ovaries" in the narrow 
sense, each of which communicates by an aperture with the uterus. 
The posterior ends of the two uteri are ciliated, and are termed the 
oviducts, and these open into the atrium, into the anterior end of 
which opens also the large receptaculum seminis. The end of the 
intestine communicates with the atrium, and from that point to the 
posterior end of the body extends the tubular cloaca, with the cloacal 
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aperture between the three tail lobes. The atrium is lined with a 
glandular epithelium, as is also the proximal end of the cloaca; the 
remainder of the cloaca bears a cuticular lining. 

The egg-cells contained in the lateral diverticula of the ovaries 
of adult females (individuals whose external cuticula is of a dark color) 
are all ovocytes of the first order at the end of the growth period (fig. 1, 
Pl. XLIX). The nucleus is more or less central in position, contains 
one large deeply staining nucleolus, and a nuclear sap which shows no 
trace of chromatin and only in a few cases exceedingly delicate linin 
fibres; even strong iron hrematoxyline stains fail to demonstrate chro
matin particles. The cell-body evinces a zone of yolk globules (shaded 
in figs. 1 and 15), placed near the periphery; while the cytoplasm is 
coarsely alveolar, and the meshes of very regular size in the perinuclear 
area. 

While these ovocytes are passing from the "ovaries" to the "uteri," 
but before they have entered the latter, their nuclei are in prophases 
of the -first maturation mitosis; such stages are shown in figs. 2-5. 
The nucleolus becomes smaller and stains less intensely, while there 
appear, usually close to it, chromosomes in the form of long loops 
(figs. 2, 3); these do not first appear simultaneously, but successively. 
These chromosomes shorten into the form of minute dumbbell-shaped 
bodies, seven in number (fig. 4), and for the first time is seen in the 
nucleus an achromatic network (fig. 5). These are bivalent chromo
somes, as shown by their shape and by the fact that there are fourteen 
single chromosomes in the cells of the embryo. Two points are 
remarkable in regard to them: first, that no trace of them is to be seen 
in the preceding rest stage; and second, that they appear in succession 
close to the nucleolus, and later are frequently found in a compact 
group-a co:o.dition infrequent in a prophase. The evidence is that 
these chromosomes come out of the nucleolus, and that during the rest 
stage they are contained within it. Such a condition has recently 
been demonstrated for the egg of Asterias by Hartmann (1902); but 
that it is by no means a usual condition in Metazoa, on the contrary is 
decidedly unusual, was previously shown by me (1898). As the ovo
cyte enters the uterus the seven double chromosomes are arranged in 
the equator of the first polar spindle (fig. 6; fig. 7, a pole view of the 
spindle) ; this has the form of the corresponding spindle of Ascaris, 
and no centrosomes are demonstrable. As the ovocytes, closely com
pacted together, are propelled rapidly backward along the uteri and 
so through the oviducts into the atrium, the spindle moves gradually 
nearer the periphery of the egg. 
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The females arc impregnated with sperm, and the receptaculum 
seminis filled with a great mass of it, before the ovocytcs enter the 
uteri, so before the first polar spindle is formed. This I have proved 
by examination of numerous adult females. There is an intimate 
coition, the male placing his cloaca! aperture against that of the female; 
and the sperm has to traverse the length of the cloaca before reaching 
the receptaculum. Ova will apparently not develop unless fertilized, 
for there was no development at all in the egg-string of a female whose 
receptaculum was without spermatozoa. In the testes of the adult 
male only mature spermatozoa arc present, and iI,J. this species there 
appears to be no spcrmatophorcs. 

When the ovocytes reach the atrium they become surrounded by 
the minute flagellate spermatozoa issuing from the receptaculum, 
and in the posterior part of the atrium and the proximal end of the 
cloaca the sperm enters the egg (fig. 6). The pole spindle is now ex
ccntric; the spermatozoon enters usually at a point of the periphery 
furthest removed from the spindle, but sometimes quite near it (fig. 
6). On strongly destained hrematoxyline preparations the spermato
zoon head is sharply distinguishable. The ovocytes are propelled 
backward within the cloaca compacted into an egg-string. While the 
ovarian egg has a limiting membrane of very delicate nature, the egg 
in the proximal part of the cloaca has a thicker membrane that stains 
with hrematoxyline (fig. 6); this increases in thickness as the egg pro
gresses backward and becomes the outermost envelope of the egg 
(figs. 8, 10). At the posterior end of the cloaca each egg shows a 
spermatozoon within the cell membrane, and the first polar spindle 
at the periphery of the cell (fig. 8). At this stage the egg has two 
membranes: the outer, thinner one staining with chromatin stains, 
already mentioned, and a thicker inner one that stains faintly with 
cytoplasmic stains (fig. 8); both arc closely adherent to the cytoplasm. 
But where the polar spindle touches the periphery these membranes 
are not present. It is probable that both these membranes are pro
ducts of the cytoplasm, and not of any gland cells of the genital passages 
(as I had previously opined), else one could not explain their absence 
in the region of the polar spindle. The outer membrane has at its 
inception probably a glutinous nature, serving to hold the eggs 
together in a string. 

The eggs pass out of the cloaca in a cylindrical continuous string, 
usually much convoluted, and in the first few days snowy white; the 
worm may occupy as much as twenty-four hours in the discharge of 
its egg-string, and then, with its body flaccid and flattened _. it expires. 
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The first pole-body is cut off by the egg shortly after the expulsion 
from the body, and when it is cut off the two cell-membranes separate 
it from the surface of the egg (fig. 9). Shortly afterward these two 
membranes swell, probably by osmotic action of the surrounding water, 
and together compose a double membrane removed from the surface 
of the egg (fig. 10), while the cytoplasm has formed a third delicate 
membrane which remains adherent to it. By this means the first polar 
body becomes removed from the surface of the egg. The ovocytc of 
the second order (fig. 10) shows the second polar spindle, like the first 
in form, and without an intervening rest stage, and this also contains 
seven chromosomes (fig. 11). The chromosomes are too minute to 
allow a determination of which of these is the reduction division; the 
second polar body is then cut off (fig. 12), but remains adherent to the 
egg, and the stage of the ovotid is reached. 

During the process of formation of the second polar body the sper
matozoon is changing into th'.' spc~rm nucleus (figs. 10, 12), in that its 
head becomes a rounded chromatin mass lying within a clear yacuole. 
Quite frequently there is polyspermy, but I have no evidence that such 
cases develop into embryos. When the second polar body is cut off, 
we find the sperm nucleus in the form of a large spherical nucleus, with 
a nucleolus and a linin network; and the egg nucleus in a less advanced 
stage (fig. 13). Finally the two nuclei are seen, both in the rest stage 
(fig. 14). It is remarkable, and to my knowledge unique in the known 
cases of fertilization, that the two pronuclei are unequal in Yolume 
in the rest stage (fig. 14), as also in the prophases of the first cleavage 
(fig. 15); not a single case was found in which they were of equal 
volume. The smaller one appears to be the egg nucleus, because in 
most cases it is the one nearest the second polar body. Its smaller 
size is probably due to the fact that it is formed in less time than the 
sperm nucleus, and that the period is very short between its rest stage 
and the formation of the first cleavage spindle. 

Fig. 15 shows the two pronuclei in the prophase of the first cleavage: 
the sperm nucleus being the one at the left hand; the nuclear membrane 
of each has disappeared at the point where there is an accumulation 
of finely structured cytoplasm, resembling the "archoplasm" of the 
similar stage in Ascaris. Each pronucleus contains a linin network 
and seven minute chromosomes; these are shown in the drawing much 
less distinctly than in the preparation, where the chromosomes are 
stained intensely blue and the linin very faintly. The first cleavage 
spindle (fig. 16) contains 14 chromosomes (only 12 seen in this figure), 
and the spindle, unlike the polar spindles, is pointed at each end; but 
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neither at this stage nor at any of the later ones have I been able to 
determine the presence of centrosomes. 

The double egg-membrane, which we saw had become separated 
from the surface of the egg, is still present and continues to include 
the embryo until the larval stage is a week old or more. It is a com
plete protection for the egg against any bacterial organisms. 

In the matter of the cleavage I have spent much time in the en
deavor to work out the cell-lineage, but have been unable to do so. 
The egg i ::; spherical; the second polar body varies in its position with 
regard to the axis of the first cleavage spindle; the yolk appears to 
be rather uniformly distributed near the periphery. So there is no 
means of orientation of the uncleaved egg. The cleavage is total and 
adequal (figs. 17-21). The two blastomeres of the 2-ccll stage are 
almost equal in volume, but one is always slightly larger than the 
other (fig. 17). In the 4-cell stage (fig. 18) there are two larger blasto
meres and two smaller ones, but the difference is very slight. The axes 
of the spindles in the 2-cell stage may be parallel or not, and the cells 
may divide simultaneously or successively. In the 4-cell stage it is 
most frequent that a line connecting the two smaller blastomeres is 
perpendicular to one joining the two larger, in such a way that all four 
blastomeres do not lie in one plane; they apparently never arrange 
themselves in the T-shape so characteristic of Ascaris. Then the 
blastomeres are not spherical, but so moulded by mutual contact that 
it is exceedingly difficult to determine their relative volumes. Again, 
the blastomeres of the 4-cell stage may divide simultaneously or not. 
For these reasons I have found it impossible to work out the cell
lineage, without, however, wishing to imply that it may not be per
fectly determinate. 

A creloblastula (fig. 20) is formed at an early cleavage, sometimes 
as early as six blastomeres, almost always at the 8-cell stage (fig. 19). 
At the 16-cell stage (fig. 21) the cleavage-cavity is large. On optical 
sections one pole of the blastula shows cells somewhat larger than 
those of the opposite pole. 

While there are but a relatively small number of blastomeres, an 
invagination of the larger-celled wall of the blastula commences and 
leads to the establishment of a typical invagination gastrula (figs. 22-
27). All the lining (mesentoderm) of the gastrocrel is not formed by 
an inpushing of the wall of the blastula, but it appears rather that only 
a small number of cells are invaginated, and that by the cell division 
of these the mesentoderm increases in amount. The orifice of the 
invagination, the blastopore is very narrow, and in a position that 
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corresponds with the ventro-posterior end of the larva; and the end 
toward which the mesentoderm turns (figs. 23, 24, 26) is anterior; so 
we can now distinguish anterior and posterior, dorsal and ventral, right 
and left. The invaginated layer of cells is a mesentoderm, because from 
it comes both the mcsenchym and the entoderm, as shown in figs. 25-27, 
where the mesenchym cells are shaded. From that area where the 
mcsentoderm joins the ectoderm (the outer cell-layer) takes place a 
proliferation of cells of the mesentoderm, leading to the formation of 
loose cells and masses of cells, the mesenchym, lying within the cleavage
cavity. Fig. 23 shows just at the blastopore two particularly large 
blastomeres, which I first took to be mesenchym pole cells; but I 
found them in only one case, and do not believe there is a proliferation 
from a pair of pole cells, though the proliferation comes from the region 
near the blastopore. In no case was there any evidence of formation 
of the mesenchym from the side of the ectoderm; in these stages the 
mitotic spindles of the ectoderm cells lie always parallel to their free 
surface, never perpendicular to it, as would be necessarv for the forma
tion of mesenchym. Particularly decisive in this matter are cases like 
that shown in fig. 25-mesentoderm cells dividing at right angles to 
the surface of the mesentoderm. This embryonic tissue is properly 
mesenchym and not mesoderm, since the cells do not arise as an epi
thelium or in compact masses, but separately; and cases like that of 
fig. 27, where they appear for a time to compose solid masses, are delu
sive and due to the difficulty of distinguishing the cells. At no stage 
up through the larva do these cellular elements become epithelia. 

The remainder of the early development may be traced rapidly, and 
simply in order to clarify the organization of the larva. The blastopore 
closes early (Bl., figs. 24-29), or remains as a very narrow opening. 
The entoderm grows forward and is largest at its apex (fig. 26); this 
portion of the entodermal canal will become the gland of the larva 
(figs. 28-30, Gl.). By cell division the few first-produced mesen
chym cells form more numerous smaller elements within the 
cleavage-cavity, shown as the shaded cells in figs. 26-32. The 
next notable change is that at a point nearly opposite the blasto
porc (Bl.) the ectoderm thickens (fig. 28), becoming two to three 
cell-layers deep, whereas elsewhere it has become much thinner; at 
this stage also the anterior end of the entodermal canal is becoming 
constricted off from the remainder. In the next stage the thickened 
ectoderm mass commences to invaginate (fig. 29), this being the com
mencement of the proboscis; at the inner surface (that surface border
ing on the cleavage-cavity) this invaginated ectoderm shows an annular 



746 PROCEEDINGS OF THE ACADEMY OF [Oct., 

proliferation (Di., fig. 29), which is the perceptible beginning of the 
diaphragm of the larva. Now also the anterior portion of the ento
dermal canal is nearly cut off from the posterior, it is the immature 
condition of the larval gland (Gl.); sometimes, as in fig. 29, its anterior 
end is pointed and in contact with the ectoderm of the proboscis, and 
probably this pointed end represents the beginning of the tube duct 
of the gland; at least I have no further evidence as to the mode of 
development of the duct. Fig. 30 shows the ectodermal jnvagination 
further progressed, and the gland (Gl.) completely cut off from the 
intestine (In.); the mesoderm cells are numerous. In the stage of 
fig. 31 the embryo is bent upon itself, comma-shaped, since the growth 
is not of volume but of length, and the double egg-membrane prevents 
growth in a straight line. The embryo is bent in the region of the 
diaphragm (Di.). The diaphragm and the whole proboscis anterior 
to it is ectodermal, except for a few mesenchym cells (shaded) that 
have now become young muscle cells. Behind the diaphragm, all 
that region which may be termed the "trunk," we find entoderm com
posing the embryonic intestine (In.) and gland (GZ.), mesenchym 
(shaded), and a thin layer of ectoderm which, on the ventral surface 
near the diaphragm, is thickened (embryonic nervous epithelium). 
Fig. 32 is an immature larva ·with the armature of the proboscis 
developed. 

During these stages the ectoderm of the surface of the body becomes 
very thin, and its component cells fewer in number (compare figs. 27 
and 31); this is evidently due to a participation of the whole ectodermic 
layer in the proboscidial invagination. In the intestine also the nuclei 
move to the two ends (compare figs. 29 and 32), so that elsewhere 
the intestinal wall becomes very thin. The blastopore is completely 
closed, but its position still marked by the angle of junction of the 
ectode_rm (hypodermis) and entoderm (intestine). The gland loses 
its central lumen. 

2. THE LAR'\'A (PLATE L). 

The larva is still included within the double egg-membrane, and is 
not noticeably larger in volume than the egg-cell, so that during all 
this time it can have taken no nourishment from without. 

A transverse diaphragm (fig. ; 6, Di.), the margins of which are 
fused with the hypodermis (Hy.), separates the body into two regions 
an anterior proboscis and a posterior head-trunk. The diaphragm is 
with difficulty demonstrable, somewhat thicker than the hypodermis, 
and staining slightly with hrematoxyline; on its anterior surfac~ are 
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a few nuclei, of which four central ones are notably conspicuous. 
It is traversed only by the duct (Gl.d.) of the gland (GZ.). It is 
owing to the presence of this diaphragm that movements of the 
proboscis cause no movements whatever of the fluid within the cavity 
(archicml) of the head-trunk. 

The proboscis is seen in evaginated condition in fig. 36, in contracted 
in fig. 37. The evagination is due to the contraction of longitudinal 
muscles (Mus.) lying beneath the body wall and reflected over the 
axial stalk of the proboscis. A contraction of these muscles evaginates 
the armature, partly perhaps by a dfrect pull, partly perhaps by pro
ducing a pressure upon the fluid contained within the cavity of the 
proboscis. A comparison of figs. 36 and 37 furnishes the best repre
sentation of the mechanics of this process. When the armature is 
evaginated the wall of the proboscis shows its annular folds very close 
together (fig. 36); when retracted 1 further apart and less numerous. 
What causes the retraction of the armature is difficult to decide, but 
it is perhaps due to the tension of certain long cells (Fib.) lying at the 
base of the axis. 

The hypodermis of the outer wall of the proboscis is exceedingly 
thin from the diaphragm to the base of the third row of spicules (Sp. 3) 
of the armature, and contains not mor~ than one or two nuclei. On its: 
outer surface is a thicker homogeneous cuticula which does not extend 
over the armature region. Cuticula and hypodermis together compose 
a very thin outer wall which is thrown into folds, so that the larva 
appears to be superficially annulatcd. As well as I could determine 
these folds arc temporary, and their number changes with moyements: 
of the proboscis, though the annulations are always present. There 
are no circular muscles to produce them. The hypodermis is thickened 
below the spiculeR and stilets which compose the armature , and shows 
one nucleus at the base of each stilet and each spicule; at the base of 
the stilcts (St., figs. 36, 37) the hypodcrmis becomes continuous with 
the axial ectodermic cell mass. 

The armature1 best studied in life or on individuals treated with 
caustic potash, shows three rows of spicules and three stilets (figs. 
33-37). The first row of spicules (Sp. 1) is composed of a circle of 
six spicules, namely, a pair of dorso-lateral and a pair of dorso-ventral 
spicules, and a pair of lateral ones considerably larger than the others. 
The second row (Sp. 2) is made up of a circle of four spicules, a dorso
lateral and a ventro-lateral pair lying beneath the corresponding pairs 
of the first row; these are the smallest of all the spicules. The spicules 
of both of these rows are flattened, pointed cuticular plates, ·with 
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slightly thickened maqrins. The third row of spicules (Sp. 3) is com
posed of a circle of needle-like spines, seven in number: one dorsal, 
one pair of dorso-lateral, one pair of dorso-ventral, and one pair of 
closely approximated ventral spicules. All these spicules project 
backward when the armature is evaginated. The three stHets point 
forward; one of them is ventral (St.v., figs. 33-35), and the others 
dorso-lateral (St.d.). Each is a slender rod, with the proximal end 
widened , but with a depressjon on f'ach side of the expansion (there 
shaped like a human red blood corpuscle); and with the distal end also 
expanded and bearing on its median surface a seri~s of fine parallel 
ridges. The stile ts surround a delicate canal, at the base of which 
opens the duct of the gland ( Gl.d.). The whole armature is an exqui
site device for the penetration of the tissues of the host, and for moving 
through them-the stilets penetrating, the spicules by their gripping 
pulling the larva forward. One does not know which to admire more, 
the perfection of the larva for occasioning torture or the beneficence 
of the Providence allowing such torment. 

The axis of the proboscis is separated from the outer wall by a space, 
archica:l, and is composed of a cord of cells extending from the base of 
the stilets to the diaphragm (figs. 36, 37). That part of this cord 
nearest the stilets passes over continuously into the hypodermis, and 
is composed of a mass of cells without perceptible boundaries, contain
ing a number of large nuclei. So far as I can determine these are sim
ply undifferentiated ectodermic cells. The other encl of the cord is 
made up of a number of long spindle-shaped cells (Fib.), attached at 
one end to the diaphragm; these may serve as elastic retractors of the 
evaginated armature. 

The musculature of the proboscis is composed exclusively of longi
tudinal fibres (Mus. of figs. 36 and 37), the only faintly shaded struc
tures in these drawings of the proboscis. These muscle cells are too 
minute for any determination of their finer structure; one can simply 
determine their long spindle shapes, the presence of nuclei in them, and 
the fact that they do not form a continuous layer, but are separated 
from one another though parallel. Their arrangement is shown in figs. 
36 and 37. 

All this region anterior to the diaphragm has been called by me the 
proboscis, because evidently the whole is simply an organ for pendra
tion and locomotion in the host, even though it composes about one
half of the body. There is no entoderm in its constitution (except 
the duct of the gland body situated behind the diaphragm), and mesen
chym only in the form of the musculature; all the remainder is ectoder-
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mic. It has no intestine, and no nervous system, unless, indeed, the 
large cells of the axis may be considered embryonic nerve cells, or some 
of the cells on the anterior surface of the diaphragm. It is not com
parable with a head, nor is it to be regarded as a segment of equal 
morphological value with the head-trunk. The proof is yet wanting, 
but it will probably be found that this proboscis is the essential larval 
organ, disappearing more or less completely before the adult condition, 
and that the head-trunk is the persisting region. 

The posterior head-trunk (fig. 36) is bent upon the proboscis, as the 
larva lies within the egg-membranes, but by the action of the longi
tudinal muscles the whole body may be straightened. Its hypodermis 
and cuticula is of the same structure as that of the posterior portion 
of the proboscis, except for the presence of two pairs of cuticular 
hooks (H.), placed right and left on each side of the posterior end, 
and for the presence of a thickening of the hypodermis. This thicken
ing (Nv.) lies ventral just behind the diaphragm, and shows a double 
row of large nuclei, one row to the right and the other to the left of the 
median line, and each row with four to five nuclei. This thickening 
is to be regarded as the nervous system of the larva. It is an ectoder
mal thickening of definite form in every larva; and its ventral position 
corresponds with the position of the nerve cord of the adult. There 
are no other parts of the larva which can be considered neryous. unless 
the large hypodermal cells composing the axis of the proboscis have 
that function-against which assumption a number of objections 
might be urged. This thickening is then a double row of ncuroblasts, 
recognizable only on carefully stained preparations; nerve fibres cannot 
be determined. 

The longitudinal muscle-cells (Mus.) lie just beneath the hypodermis, 
and terminate anteriorly against the diaphragm. They have the same 
appearance as those of the proboscis, but are more difficult to perceive, 
particularly those of the dorsal side. Here also there is no trace of 
circular muscles. 

In the archiccel, at the anterior end of the head-trunk, is placed a 
large gland (GZ.), which, as we have seen, arose as an abstriction from 
the entodermal canal. By a long duct (fig. 36, Gl.d.) it is connected 
with the exterior at the base of the stilets (St.) of the proboscis. This 
gland lies free within the archiccel, and contains about eight large 
nuclei; cell boundaries are barely distinguishable, and the cytoplasm 
is dense and stains uniformly. The long, convoluted duct can usually 
be found only in life, when it appears as a perfectly clear, convoluted 
line. On a few preparations, however, its portion within the gland 
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body was deeply stained by hrematoxyline. It arises near the pos
terior end of the gland body, extends through the length of the latter, 
then piercing the diaphragm extends forward through the archiccel 
of the proboscis, i.e., on the surface of the axial stalk. Whether this 
extremely delicate canal is intercellular or intracellular in the gland 
body, I could n_ot ascertain; if it were intercellular it would represent 
a portion of the gastrocmlic cavity. As to the function of this gland, 
the position of its external aperture at the base of the stilets would 
point to its being a poison gland. There is no good reason for judging 
it to be an excretory organ; and indeed we shall see that what are 
probably excretory masses become stored up within the cavity of the 
intestine. 

The intestine (In., fig. 36) of the larva is a closed tube, terminating 
blindly at its anterior end, and at its posterior connecting with the 
cu ti cul a of the body wall without external opening; this latter point 
corresponds with the blastopore (Bl.). This posterior end of the in
testine appears as a narrow, solid stalk, with two or four nuclei apposed 
to its surface. The wall of the remainder of the intestine is very thin, 
except at the opposite ends where it is thickened and embraces several 
large nuclei. "'Within the intestinal lumen are always present usually 
two, sometimes more, large globules (Glo.) of a pale brownish color 
and viscid consistency. These appear first when the larva is not quite 
mature as a thinner fluid, but subsequently accumulate as homo
geneous, rounded globules. These cannot represent food substance, 
for the blastopore is closed and the intestine has no connection with 
the exterior. It is then probable they represent products of metabolic 
waste, in which case the intestine of the larva would serve as an excre
tory reservoir. 

Within the archicml, just at the posterior end of the head-trunk, is a 
mass of a few small cells (Mus.), eYidently mesenchym cells that have 
not become specialized; they are embryonic, and may be germ cells. 

Finally, the body-cavity of the larva is an archicml, without floating 
cells and apparently without connective tissue. There are no meso
dermal epithelia (mesothelia); and the only transverse septum of 
the body, the diaphragm, is ectodermic. 

3. PREVIOUS WORK. 

I have not seen the papers of Grube (1849) and Meissner (1856), nor 
yet the last paper on the early development, one in Russian by Tretia
kow (1901). 

Leidy (1850, 1870) gives a very superficial account, with no figures, 
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of the formation of the larva; he noted the proboscis invagination, 
and the spicules ("filaments") of the armature. 

Villot (1874) was the first to give an extended account of the develop
ment of the larva. He described the formation of the egg-string 
(" nidamentum"), and the appearance of the egg-envelopes; and 
describes the polar bodies as being very variable in number, form and 
volume. He found the segmentation to be total and equal and leads 
to a "germe" formed of two concentric spheres (the process of which 
was not determined), ectoderm and entoderm respectively. He noted 
the ectodermal invagination at the anterior end of the embryo and in
terpreted it to be the beginning of the "head" (equivalent to my term 
"proboscis"). His fig. 49 is the most detailed sketch yet given of the 
structure of the larva. The whole armature of the proboscis is de
scribed very accurately. But he describes an anterior mouth com
municating by an oosophagliJ with a posterior intestine, and the latter 
by an open anus with the exterior-failing to see the diaphragm, aI).d 
mistaking for an oosophagus the solid axial cord of the proboscis. He 
saw correctly the gland and its duct, but interpreted it as an excretory 
organ. The musculature is noted, and the body-cavity described as 
filled with cells. His second paper (1891) is mainly a criticism of the 
work of Camerano. 

Camerano (1889) studied the development not quite to the point 
of the larval stage, figures the chromosomes and certain details in the 
formation of the polar bodies, which he finds to be two in number. 
The earliest penetration of the spermatozoon he did not see, but 
describes a succession of stages of the two pronuclei, and figures them 
as of unequal size. The early cleavage he finds to be quite variable in 
different eggs, though holoblastic. In regard to the process of gastru
lation his results are entirely different from mine. He finds the embryo 
at the end of the cleavage to be a flattened plate, not a sphere, a disk 
composed of two layers of cells-a sterroblastula. This plate becomes 
quadrangular instead of circular in outline; then an invagination takes 
place at one end of the plate, which he interprets as a prostoma, and 
concludes the sterroblastula to have become a coologastrula. I can 
only interpret Camerano's results as follows: First, that the strong 
fixatives employed produced flattening of the embryos, which I have 
frequently observed after fixation with acetic acid or strong alcohol; 
second, that he did not see the gastrula invagination at all (which 
would take place at the stage of his figs. 43 to 45), and mistook the 
ectodermal proboscidial invagination for the gastrula cavity. 

Villot was in error in describing the true larva as the "etat embry-
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onnaire" or" premiere forme larvaire," and the immature worm found 
as a parasite in insects the "etat larvaire proprement <lit" or "deux
ieme forme larvaire." Camerano and Vejdovsky (1894) are quite 
right in insisting, in opposition to ·villot and von Linstow, that the 
organism as it leaves the egg-membranes is the larva, and that there 
is no second larval stage. That stage is the larva which is equipped 
with a temporary larval organ, the proboscis; all later stages, as far as. 
they are known, are but progressions toward the adult condition. 

4. CoNcLusw~s. 

The opinion I had previously expressed (1903) from a study of the 
adult anatomy of Paragordius was as follows: "With the Nematoda 
the Gordiacea have in common only one important structure, the 
tubular genitalia and their opening into the cloaca. With the Annelida 
they agree in the structure and innen·ation of the musculature, and 
in having dorso-ventral mesenteries which divide body-cavities 
bounded by cell-layers. But there is good reason for doubting the 
homologies of these mesenteries and body-cavities in these two groups 
of animals. They differ from the Annelida in showing no trace at all 
of true metamerism (either in the nervous system, the body-cavities, 
the genitalia or the body wall); in the absence of a cerebral ganglion, 
of a vascular system, of setal sacks or extremities; and very markedly 
in the structure of the genitalia. In Yiew of these facts the Gordiacea 
cannot be regarded as even highly degenerate Annelida, as Vejdovsky 
has done, nor yet as modified Nematoda, the view of most of the 
writers, but must rather be considered a group of isolated position, 
as Grenachcr, von Siebold and Villot have regarded them." 

The present study of the early development confirms this view, but 
shows that there is considerable correspondence of the cleavage and 
gastrulation processes with those of the Xematoda. The middle germ
layer is not a connected mesoderm, but a mesenchym of disconnected 
cells, arising from the mesentoderm close to the blastopore. 

The larva has two marked peculiarities. First, by a transverse 
septum, the diaphragm, the body is partitioned into an anterior 
proboscis and a posterior head-trunk. This proboscis is entirely ecto
dermal except for mesenchymatous muscles, and lacks any nervous 
system, excretory system, and any portion of an intestine. Though 
it composes half the body, it is probably a purely larval organ that 
takes no part in the adult structure; the diaphragm marks the future 
boundary of the adult head, and the proboscis is precephalic. A sup
port for this view, apart from good anatomical considerations, is to 
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be found in the work of Vejdovsky (1894), particularly his fig. 17; this 
represents an outline of the head of an immature individual, showing 
at the tip of the definitive head the still persisting proboscis with a 
transverse septum. The future head and trunk proper then lie behind 
the proboscis of the larva, and this head-trunk becomes the complete 
body of the adult; this we can say certainly, even though the early 
post-larval development is entirely unknown. 

This head-trunk has a wall like the proboscis, a hypodermjs with 
cuticula, and longitudinal mesenchymatous muscle fibres. There is 
no crelom, no peritoneum or mesenteries. The nervous system is 
simply a ventral thickening of the hypodermis. In the head-trunk 
is found the second striking peculiarity of the Paragordius larva-a 
gland connecting by a long duct with the anterior end of the proboscis. 
This gland is entodermal, arising as an abstriction from the anterior 
end of the entodermal tube. In point of origin it resembles an entero
crel, a mesoderm sack, and its early lumen is a portion of the gastrocrel. 
But there the resemblance ceases, for it becomes a gland, evidently 
secretory and not excretory, which later develops a duct to the exterior. 
Its origin is unpaired. The only forms which show a similar unpaired 
cnterocrel arising from the anterior end of the entoderm tube are the 
Holothurians, and there an outgrowth of a portion (hydrocrel) of the 
hydro-enterocrel connects it, in the form of the stone canal, with the 
exterior. But it would be a rash comparison, in no way justified, 
between a Gordiacean and a Holothurian. This gland probably 
continues to a late stage of the development under the form of the 
"braune Druse" of Gordius, described by Vejdovsky, but is not 
homologous with the problematical "supraintestinal organ" that I 
found in the adult of Paragordius. 

When we consider this ectodermal proboscis, the ectodermic dia
phragm and the enterocrelic gland; the absence of any crelomic 
cavities, ciliary wreaths and excretory organs; the lack of a mouth 
and the mesenchymatous musculature, we must conclude this union of 
characters to make the Gordiacean larva unique, not closely comparable 
with any other larva. 

If my interpretation of the larva is correct, then the early post-larval 
development, which has yet to be studied, should show the mouth 
arising in the plane of the diaphragm, probably as an ectodermic 
stomodreum; the dorsal commissure of the brain developing in the 
same region; and the reproductive organs arising from the small 
mass of mesenchym cells at the posterior end. But the point of most 
importance that remains to be investigated is the first origin of that 
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tissue so peculiar to the Gordiacea, the "parenchym," and its arrange
ment into layers. Not until that is done can the structure of the adult 
be adequately interpreted. 
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EXPLANATION OF PLATES XLIX AND L. 
The following abbreviations have been employed in the figures: 

Bl., blastopore. Hy., hypodermis. 
Cut., cuticula. In., intestine. 
Di., diaphragm. Jf es., mesenchym cells. 
Fib., fibre cells. Jf us., musculature. 
Gl., gland. .Yv., nervous thickening of hypodermis. 
Gl.d., gland duct. Sp. 1-Sp. 3, spicules of rows 1-3. 
Glo., globules within intestine. St.d., dorsal stilets. 
H., cuticular hooks. Stx., ventral stilet. 

All the figures, except 33-35, are camera lucida drawings at a magnification 
of 1312 diameters. 

PLATE XLIX, Fig. 1.-0vocyte from lateral diverticulum of ovary, at end of the 
growth period; the yolk globules shaded. 

Figs. 2-5.-Nuclei in successive prophases preceding the formation of the 
first polar body. 

Fig. ().-Portion of an egg near the proximal end of the cloaca, showing the 
first polar spindle and the entering spermatozoon. 

Fig. 7.-Pole view of the first polar spindle. 
Fig. 8.-0utline of the whole egg, from a posterior end of the cloaca, showing 

the two egg-membranes, first polar spindle and spermatozoon. 
Fig. 9.-Portion of the periphery of an egg, showing first polar body formed. 
Fig. 10.-0utline of egg, showing second polar spindle, sperm nucleus and, 

separated from the surface of the egg, the two membranes. 
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Fig. 11.-Pole view of second polar spindle. 
Fig. 12.-0utline of egg, sperm nucleus and expulsion of second polar body. 
Figs. 13, 14.-0utline of eggs, second polar body on surface, egg nucleus at 

right, sperm nucleus at left in both figures. 
Fig. 15.-Prophase of first cleavage, seven chromosomes in each nucleus; 

sperm nucleus at left, egg nucleus at right; yolk globules shaded. 
Fig. 16.-First cleavage spindle and second polar body. 
Figs. 17-19.-2-cell, 4-cell and 8-cell stages. 
Fig. 20.-0ptical section of a blastula. 
Fig. 21.-16-cell stage. 
Figs. 22-24.-Successive gastrula stages, optical median sections. 
Figs. 25-27.-0ptical median sections of later gastrulre, showing the early 

formation of mesenchym cells (shaded). 
Fig. 28.-0ptical median section at stage of ectodermal thickening; mesen

chym shaded. 
Fig. 29.-0ptical median section at stage of beginning ectodermal invagina

tion; mesenchym shaded. 
Figs. 30-32.-Similar views of successive iater stages. 
Figs. 33-35.-Freehand drawings to show the armature of the proboscis in 

extended position. 33, slightly oblique ventral view; 34, view from 
the right side; 35, slightly oblique dorsal view. 

PLATE L, Fig. 36.-Freehand drawing, on a much larger scale than on the preced
ing plate, of a larva from the right side, with the proboscis fully 
extended. 

Fig. 37.-Similar drawing of the proboscis in invaginated condition. 
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THE MORPHOLOGICAL SUPERIORITY OF THE 
FEMALE SEX. 

BY THOMAS H. MONTGOMERY, JR., PH.D. 1 

Read October 7, 1904. 

It is remarkable the view should still generally obtain that the 
male sex is superior structurally to the female. This has resulted 
mainly from the fact that most writers upon sexual dimorphism have 
been males and, on the principle that charity begins at home, 
wished to give their sex all credit. Social economists in their ill
considered gleanings from Biology hold for the most part that the 
male is the superior, structurally and psychically, speaking of man 
as the "progressive'' and woman as the "conservative" element 
of human society. But even if these terms are correctly applied, 
which is assuredly open to question, it does not follow that conser
vatism denotes inferiority and progressiveness superiority, at least 
from the morphological standpoint. Some naturalists share this 
opinion, though the facts are in patent contradiction to it; others 
grant the female is the superior in the lower animals, but not in the 
higher; most express themselves very decidedly that in the human 
species at least the male is the morphologically more perfect. It 
is a question of fundamental importance in any consideration of 
sexual dimorphism, especially in the valuation of the so-called sec
ondary sexual characters. And should the common view be dis
proved, the relations of the sexes would show in a very different 
light; the male must be regarded as the inferior organism. 

i Contributions from the Zoological Labratory of the Universi1y of Texas, No. 

62. 
Reprinted from Proceedings American P!iilosophical Society, Vol. rlw, i'vo. I/ 8. 
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The object of the present contribution is to deal with the subject 
briefly from the anatomical and embryological standpoint; consid
ering first the Invertebrates, and lastly the Vertebrates. 

I. THE INVERTEBRATE ANIMALS. 

Lamarck's collective group of the "Invertebrata" is of course 
retained to-day only for convenience; the numerous phyla which 
compose it differ far l}lOre greatly from each other than do any of 
the extremes of the Vertebrata. 

In the Invertebrata, whenever there are marked structural differ
ences betwee~ the sexes, it will be found to be a rule almost with
out exceptions that the male is morphologically inferior. 

There are, in the first place, those numerous cases where the sexes 
are markedly different, in that one is much less developed than the 
other, i.e., is the resultant of much shorter embryonic growth. 
Thus all the families of the Rotaloria so far as known, with the 
exception of the Asplanchnidae and Seisonidae, possess males inferior 
to the females in much smaller size and complete absence of the 
digestive system. As I expressed myself in a study of the F!oscu
lariida, these males are arre~ted individuals. A more marked 
example is found in the Echiurid Bone!lia, where the male is 
only one one-hundred-and-fiftieth the length of the female, and 
lacks an anal aperature ; he is a degenerate, living as a parasite 
within the female. Similar examples occur in the Cirripedia. 
On the other hand it is seldom found that the female is embryo
logically more arrested than the male; such a case is that of the 
glowworm, however, where the male is winged but the female apter
ous, and in certain Hemipteta heteroptera. But these are arrests in 
external organs of locomotion, implicating less profound changes 
than those shown in the preceding cases. 

Our case holds even for most hermaphrodites, paradoxical though 
it may at first appear to speak of males and females among herma
phrodites. In almost all examples of hermaphroditism it is the rule 
that the male and female organs of generation and reproductive 
cells do not mature simultaneously, but successively, as I have 
shown elsewhere.1 In the greater number of these cases the male 
germ cells mature and are discharged first, then the female, a con- · 
dition known as protandry. Here the individual is functionally 

1 " On Successive, Protandric and Proterogynic Hermaphroditism," Amer. 
Nat., 1895. 
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first male, then (for a limited period) hermaphrodite (functionally 
male and female), lastly female; but since there is the same cycle 
of reproductive conditions in each individual of the species, the 
individual as a whole is ranked as hermaphrodite. This holds for 
some Nemertini, Pelecypoda, Spongiaria, most Turbel!aria, Myzos
tomida, and for numerous other cases. These show the male condi
tion to be established at the earlier ontogenetic period, before the 
individual has attained its complete growth; consequently the 
male condition is morphologically inferior to the female. There 
is, however, another state of hermaphroditism known as proterogyny 
(protogyny), with the female condition preceding the male. This 
is of course the reverse of protandry; it is very restricted in its 
occurrence, and is described only for certain pulmonate Gastero
poda and for the tunicate Sa!pa, cases that need reexamination. 

Hermaphroditism in the strict sense implies a condition of union 
of sexes in one individual, not an indifferent, non-sexual state. With 
this definition it is probable that hermaphroditism is a secondary 
condition wherever it is found, and not a primitive one. The 
earliest phyletic state is non-sexual, as in certain genera6ons of 
some Protozoa. These are of anatomically distinct sexual individ
uals, as shown in the sporulation generations of some Protozoa 
(with micro-gametes and macro-gametes), and in most of the 
Metazoa. While hermaphroditism has appeared independently in 
different groups, such as the Platodes, the Mollusca, Tunica/a, etc., 
where it occurs it is frequently the case that the more primitive 
members of the group are dicecious (with separate sexes). No 
Protozoan can be correctly termed hermaphrodite, but sexual or 
non-sexual. Volvox cannot be considered either Protophyte or 
Protozoan, but Metaphyte or Metazoan, since it contains distinct 
germ cells and tissue cells; it accordingly is no exception. 1 But 
however the hermaphroditic state may be interpreted, it stands as 
an indubitable fact that in most hermaphrodites the male condi
tion occurs during the less perfect stage of the individual. 

In speaking of the male as being so frequently the more arrested, 
more embryonic individual, corroborative examples are found in 

1 It is indeed strange that Volvo.x, at this late date of our knowledge, should 
still be grouped with the Protisto.. The fundamental criterion of the Metaphyta 
and Meta zoa is not number of cells, nor their specialization, but the possession 
of cells which are reproductive and other cells which are not. This is the only 
truly important physiological distinct ion. 
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the condition known as Neotenia. This term is applied when the 
germ cells mature before the tissue cells have attained their final 
specialization; the individual is mature sexually before it is corpo
really. Neotenia is found mostly (whether always, I cannot say) 
in males. It is not infrequent, particularly among parasites; thus 
in the male Gordiacean the spermatozoa may be fully mature before 
the animal's external enticula is comple~ely developed. This is 
but another case of the male condition, i.e., the essentially mascu
line characteristic, appearing earlier, at a more embryonic stage, 
than the female state appears. An increasing acceleration (in the 
sense of Cope) of neotenia would throw the male condition further 
back into the ontogeny, and could lead to the formation of embry
onic males, such as in the Rotatoria, etc. 

There next comes up for consideration an array of forms where 
there are no well-marked secondary sexual differences, i.e., differ
ences apart from those furnished by the reproductive systems, and 
where the sexes are separate. These are found mostly in the lower 
lnvertebrala; most Nemertini (but Carine/la with distinct colora
tion of the sexes), most Hj•drozoa, Scyplzomedusce, Ecltinodermata, 
Enteropneusta, most dicecious Mollusca and Annelida. Absence of 
secondary sexual differences is here correlated with aquatic life, 
fertilization of the germ cells without copulation, an<l relative sim
plicity of the genitalia. The latter in each sex consists of gonads, 
regions of localization of the germ cells known as testes and 
ovaries, and comparatively simple efferent ducts (or no preformed 
ducts). Accordingly, the testes and ovaries may be essentially 
alike, as simple sacs in the Hydrozoa and Nemertini, or surfaces in 
the Polyclzceta. When this is the case, and in the absence of sec
ondary sexual differences, we cannot say which sex is morphologi
cally the more advanced ; but there is no evidence that the male is 
the superior. In the dicecious Mollusca the reproductive organs of 
the female are the more complex, in the presence of various glands 
concerned with the formation of egg envelopes, so that in these 
forms the female is the more perfect. 

In the large groups of 1\Tematoda, Gordiacea, Crustacea, Ara
chnida, Insecta, progoniate and opisthogoniate Myriapoda, there 
are generally present secondary sexual differences as well as differ
ences in the genitalia. In the Gordiacea the male is smaller than 
the female, and sometimes with greater specialization of the cuticu
lar protuberances; but the female has more complex reproductive 
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organs-glandular organs not present in the male, ovaries with 
lateral diverticula, while the testes are simple tubes. Among the 
direcious Nematoda the male is always the smaller, with copulatory 
spicules and a bursa not repre~ented in the female; also the testes 
are usually impaired, a higher condition, i.e., one involving more 
modification, than the condition in the female where there are 
paired ovaries. On the other hand the female is larger, with 
the genital ducts more complicated and with a receptaculum 
seminis; and unlike the simrler male condition where the genital 
ducts open into a cloaca, the female shows the higher morphologi
cal state of a separate aperture for the reproductive ducts (with the 
single exception of C!oacina). In both these groups, then, the 
female appears structurally more advanced. In the group of 
l11secta, Arachnida, Crustacea, Opistlzogoneata and Progoneata we 
find forms that in many respects appear the most specialized of all 
the Invertebrates (not excluding the Tunica/a). They are all 
essentially terrestrial forms, for there is good reason to conclude 
with Simrot~ 1 that even the Crustacea arose from ancestors that 
lived upon the land, or at least in very shallow water, though most 
of the modern representatives are aquatic. In these annulate 
groups, contrary to the groups considered in the preceding para -
graph, we find the association of terrestrial life necessitated thereby 
an intimate copulation process and notable differences in the repro
ductive organs, also secondary sexual differences. In these forms 
the male is almost always smaller than the female, notably so in 
many Aranece (particularly of the family Argiopidce). The only 
exceptions to this rule that occur to me are a few beetles and 
certain Hymmoptera. The male may be more complex than the 
female in the possession of clasping organs, and sometimes in the 
more complete development of sensory organs. So in the ants and 
flies particularly the compound eyes are frequently larger in the 
males, and sometimes differ from those of the female in being con
fluent (a secondary condition). The most important olfactory and 
tactile organs of Insects, the antennre, are frequently larger and 
more complex in the males, as shown especially in the case of the 
Moths; and in the Spiders the special tactile organs, long b<Jirs, are 
in some cases relatively and even absolutely larger in the males. 
Then it is well known that in these forms the male differs frequently 
in external form, and often is more brightly colored than the 

l Die Entsteltu ng der Lamltiere. Leipzig, 1889. 
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female-frequently a morphological character, as in the case of all 
metallic, non-pigmental colors. In these groups then the male may 
be the morphological superior in the possession of clasping organs 
or greater development of sensory organs, or of external modifica
tions of form and structural coloration. 

But we must recollect that special clasping organs are not 
general; they are found mainly among the Crustacea, by no means 
in all of them, and usually in correlation with the lack of an 
intromittent organ. With the development of an intromittent 
organ, which attains the greatest complexity among all animals in 
the Insects and Spiders, special clasping organs are rarely found. 
When they exist they are for the most part comparatively simple 
modifications of already existing structures, usually limbs. Accord
ingly the possession of clasping organs is a character of little 
morphological import. 

In regard to the point that the males of these groups are some· 
times superior in sensory equipment, every comparative anatomist 
realizes that sense organs are of little morphological value, because 
they are not conservative and are readily changed or lost. The 
Medusa: have more complex sensory organs than, e.g . , the Turbel
laria, but no one would rank the former higher on this account. 
Any change of life leading toward loss of locomotion, as in seden
tary and parasitic animals, is followed by degeneration of the sense 
organs as one of the first modifications; and in the case of subter
ranean and cavernicolous species, such a comparatively slight change 
as tl)at from light to darkness, induces the replacement of visual 
organs by tactile and olfactory. Notice the loss of the lateral line 
system of sense organs in th€ case of the emergence of aquatic Ver
tebrates from the water to the land; or at least, according to a 
recent theory, their change into non-sensory hairs. That greater 
size of sense organs by no means induces greater complexity of the 
nervous system is shown by the comparison made by Forel: 1 in 
the male ant (Lasius) the compound eyes are largest but the cere· 
brum (supra-resophagial ganglion) most rudimer.tary, while in the 
female (particularly the worker) the eyes are smallest but the cere
brum with the greatest number of ganglion cells. In fact we may 
say, in the light of phylogeny, that greater size and complexity of 
peripheral sense organs is a more primitive condition than that of 
small and less complex sense organs but more concentrated 

1 Ants and Some Other Inse cts. Translated by Wheeler, Chicago, 1904. 
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nervous system. Pbylogenetically the peripheral nervous system, 
composed essentially of sensory nervous units, is the earlier, more 
primitive condition ; while the centralized reflex-mechanism is later 
and morphologically higher. First the simple surface sensory 
apparatus, later the internal coordinating centre. As the central 
nervous system becomes more complex, a process denoting morpho
logical advance, the more complex sense organs are apt to disappear 
or to be replaced by more numerous ones of less complexity. 

It follows from these considerations for the arthropodous groups, 
that though in a few cases the males may be equipped with sense 
organs of larger size, this character by no means implies structural 
superiority, and especially not when it can be shown that with it is 
associated a less complex central nervous system. Indeed in the 
ant the male is decidedly inferior, with regard to the nervous system 
as a whole. 

The other secondary differences, as those of external form and 
coloration, are generally to the credit of the male. But it is 
obvious that such characters, from their very lack of conservatism, 
imply little structural value. 

Now let us examine in these groups of Nematoda, Gordiacea, 
Crustacea, Insecta, Arachnida and Myriapoda, to which might be 
added a number of smaller groups such as the A canthoceplzala, the 
points in which the female is the superior of the male. One has 
been mentioned, the presence in some Insects of a better developed 
cerebrum. The other point is the greater complexity of the repro
ductive organs. As homologous in the sexes we consider ovary 
with testis, oviduct with vas deferens, certain mucous glands, and 
in some cases vagina with intromittent organ. The male usually 
possesses as dilations of the vasa efferentia seminal vesicles; except 
for these and the intromittent organ he has no structures not repre
sented also in the female. The intromittent organ may be very 
complex as in most Insects and in Spiders (terminal joint of the 
maxillary palpus), or it may be very rudimentary and simple. 
Where it is complex the vagina of the female is frequently as cor
respondingly complex (Diptera, Coleoptera). On this account the 
intromittent organ cannot be regarded in all cases as evidencing 
greater complexity in the male; and probably when systematic 
entomologists employ characters of the external female apparatus as 
extensively as they have done the male for purposes of diagnosis, 
they will find the receptive apparatus of the female to be quite as 
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complex in many cases. Whenever there is intra-parental develop
ment the oviducts become specialized in a portion of their extent 
as uteri; such structures are not represented in the male. Very 
frequently also there are special g1ands for the elaboration of egg 
envelopes. Very generally there is in the female a more or less 
complex receptaculum seminis, usually with its peculiar musculature 
and duct, which is not found in the male. The ovaries may have 
the same structure as the testes. But not infrequently the ovaries 
are more complex than the testes, and this is shown particularly in 
the arthropodous forms. . This follows from the necessity of the 
production of yolk substance for the egg cells, substance to be 
stored up in the egg for the nourishment of the embryo, whereas 
such substance is used by the sperm cells only in limited amount· 
The first formation of the yolk substance is an elaboration by the 
vitellocytes (nurse or follicle cells), which are germ cells that have 
lost their reproductive ability and become nutritive. These have 
their representatives in the testes in the cells of Sertoli, also nutri
tive. But the ovarian vitellocytes play a greater part in the growth 
of the embryo, and according1y they are larger or more numerous. 
Further they are segregated to form particular chambers of the 
ovary, so that the nutritive and reproductive cells occupy different 
places within the ovary. This is the case in the Rotatoria and some 
Crustacea (Branchiopoda), and in the Insects, where the egg-tubes 
that compose each ovary have each a terminal chamber of vitello
cytes (Hemiptera), or vitellocyte chambers alternating with egg-cell 
chambers ( Coleoptera). These are all specializations in the arrange
ment of the nurse cells which mark the ovary as being a more com
plex structure than the testis. Then there is found in the female of 
many Insects an apparatus for oviposition, known as the sting or 
ovipositor, often of high degree of complication, involving parts of 
two (or more?) segments; this is entirely absent in the male. The 
female usually guards and protects the young, sometimes with the 
development of a brood cl1amber (so~e Crustacea); that is only 
exceptionally the case with the male, and sometimes, as in the 
hemipteron Zaitlw, he is forced Ly the female to carry the eggs 
against his will. But the males of the Pycnogonida carry the 
young. 

From this rapid survey of some of the facts of sexual dimorphism, 
we find the supposed excellence of the male to consist in what are 
mainly unimportant morphological characters, of which the (not 
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universal) possession of an intromittent organ is perhaps of the 
most weight. Beyond this the male may possess clasping organs, 
in a few cases have larger sense organs, and show brighter or more 
·contrasted coloration, and sometimes be more varied in external 
form. This is all he has to show in the claim of superiority. 
While the female possesses an internal reproductive apparatus which 
is generally of much greater complexity than that of the male, and 
sometimes a central nervous system of higher specialization, a con
dition which probably will be found to be general in all those num
erous cases where the female carries out the chief cares of maternal 
-solicitude for the young. And almost without exception the female 
is larger than the male, a character of some structural value, because 
it implies, ceteris paribus, a longer or intenser process of embryonic 
<levelopment. When either of the sexes is rudimentary in compari
son with the other, it is in almost all cases the male. All the facts 
point to the male being the more embryonic and less developed, 
and none to his being the morphologically more progressive. 

Physiologically, also, the female appears the superior in most of 
the Invertebrates. The male Rotatorian, as I have watched him, 
emerges from an egg much smaller than that which produces a 
female, lives a day or two without feeding for the good reason that 
he has no digestive organs, then dies j while the much larger and 
more complicated female lives for months. In Insects and Spiders 
the male seems to be always shorter-lived than his mate, generally 
takes no part in the care of the young and dies immediately after 
impregnating the female. But the female lives on after impregna
tion, sometimes for months before depositing the eggs; then ovi
posits, often after great care for the protection o( the young; not 
until all this is accomplished does she die. We may say that the 
female develops more slowly, reaches a larger size and lives 
longer, and this, together with her care for the progeny, classes her 
as the distinctly important individual in the economy of Nature. 

2. THE VERTEBRATE ANIMALS. 

When we turn to the Vertebrates the comparison of the sexes 
becomes more difficult, especially in the higher forms. The 
primary sexual characters may be considered first, then the sec

ondary. 
In the matter of the reproductive organs there is a complicated 

series of facts of structure, which have not yet received adequate 
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consideration with regard to the relative morphological status of 
the sexes, nor yet with reference to their bearing upon the ques
tions of phyletic relationship. Relative simplicty and similarity of 
the genital organs, as ir. the Invertebrates, is found only in aquatic 
forms, and in those where there is neither intimate union of the 
sexes nor intra-uterine development. This condition is realized in 
most Fishes, Dijmoi and Batrachia. 

Among the Fishes, more especially the Teleostomi ( Ganoidei and 
Te!eostei), the testes and ovaries are much alike in structure, usually 
sacs with more or less folded walls; this is also the condition in the 
Acrania (Amphioxus). In the Batrachia, particularly the Urode
lia, the testes are more complicated than the ovaries since they are 
divided into lobes. In the Sanropsida and .J.fammalia the ovaries 
are no longer sacs, but solid cellular masses with follicle cells and 
germ cells intermingled; there is always, however, more or less of 
a radiate lobulation of the organ. The testes of the sa:ne forms are 
composed each of masses of tubules, of which the walls are made of 
cells of Sertoli and early generations of spermatogonia, while their 
lumen becomes filled with more mature germ cells. There can be 
no question that in the higher Vertebrates the testes are more com
plicated than the ovaries, the reverse of the case in the Inverte
brates. But while the testis is morphologically more complex, it 
nevertheless retains primitive embryonic structures more than does 
the ovary. For the vasa afferentia, namely, of the testis, as at least 
the proximal portions of the vasa efferentia (these together consti
tuting the tubules of the testis), represent persistent mesonephric 
tubules, the second kidney system of the embryo; these persist in 
only very rudimentary form in the ovary. From this standpoint 
the testis, while more complex, is concurrently less progressive; the 
ovary, though structurally simpler! has changed more in the course 
of the ontogeny.1 

The gonads are primarily paired in the Vertebrates, except in 
the Cyclostomata. When in higher forms there is degeneration of 
one of the pair it is always an ovary, as in Birds, and never a 

1 In regard to the comparison of the testis and ova1y, it becomes obvious that 
greater complexity of structure, or specialization, does not imply greater morpho
logical advancement of its possessor, unless it is associated with correspondingly 
greater change in the ontogeny. So an extreme parasite, as Tcenia, is structur
ally simpler than its free-hving ancestor, though in point of phyletic change it is 
far more advanced. Regressive development is still development. This is an 
important consideration which anatomists do not always appreciate. 
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testis. Reduction of one member of a structural pair is always a 
departure from the primitive condition, hence a more advanced 
morphological state than retention of both members. But with the 
case in point this morphological difference cannot be justly thought 
of much value, for with the right ovary of Birds, as with one of the 
lungs of Snakes, the reduction is due simply to mechanical pressure 
inducing stoppage of the nutritive blood fluid, and not to any pro
found change in the growth processes. 

Turning to the comparison of the genital ducts, we find the most 
primitive condition in the Cyclostomata, certain Teleostei, and, 
according to Gegenbaur, in the Selachian Lcemargus: there are no 
genital ducts, but the germ cells fall directly into the body cavity 
(coelom), and are discharged to the exterior through abdominal 
pores. In the Acrania there are also no ducts, but the relations are 
less simple in that the genital products fall into the atrium (an 
ectodermic cavity) and from there are passed to the exterior 
through the atriopore. In these forms the sexes are alike in the 
mode of discharge of the genital products. 

In all other Vertebrates there are special genital ducts, which 
may be considered separately for each sex. 

Four kinds of genital ducts may be distinguished in the male, 
according to their mode of embryonic formation. ( r) The seg
mental duct (pronephric duct, duct of the earliest kidney system, 
the pronephros) persists as the urogenital duct, as the common 
duct of testes and kidneys. This is the most usual condition, and is 
found in all the Amniota (Reptiles, Birds, Mammals) and Batra
chia, all the Se!achii except L cemargus, in Lepidosteus and Aci
penser. In all these cases a Mtillerian duct is laid down, but either 
remains embryonic or disappears more or less completely. ( 2) A 
direct backward growth of the testis itself is the genital duct: most 
Teleostei. (3) An open groove of the peritoneum serves as a geni
tal duct: Polypterus and Anzia, according to the description by 
Jungersen. 1 (4) In Protopterus a tube formed within the testis is 
the sperm-duct, and this unites with the persistiLg posterior end of 
what is considered a Mlillerian duct. 2 Of these kind of ducts the 
last three are much more alike among themselves than is any of 
them to the first kind. It follows that for all gnathostomatous 
Vertebrates, except some Te!eostomi L cemargus and P rotopterus, 

l Zoolog. Anzeiger, 1900. 

2 According to the account by W. N. Parker. 
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there is in the male a common urogenital duct, the segmental duct, 
which is a duct persisting from a very early stage of the embryo. 

In the female of gnathostomatous Vertebrates but two kinds of 
genital ducts are found. (I) The oviduct is a direct backward 
growth of the ovary: Lepidosteus and most Teleostei. (2) The 
oviduct is a Mi.illerian duct, separate from the ovary and from the 
segmental duct. This may arise as an off-splitting from the ventral 
side of the segmental duct (most Selachii), but it more usually 
develops independently of the latter as a fold or ingrowth of the peri
toneal epithelium (Batrachia, Amniota and possibly Dipnoi). In 
the female there is accordingly never a urogenital duct, but the 
oviducts are separate from the ureters. Further than this, while the 
vas deferens of the male usually possesses dilations in the form of 
seminal vesicles, also a prostrate gland, the oviducts are much more 
specialized whenever there is intra-parental development of the 
young. For the oviducts, besides the possession of special glands, 
have very complicated dilations, the uteri, much more specializei 
than the seminal vesicles; and in most of the Mammals the oviducts 
are fused for a great portion of their extent, so that in the place of 
paired uteri there is but a single one-a further advance beyond the 
male condition. The uterus is not only a receptacle for the young, 
but a complicated nourishing apparatus, with recurring profound 
morphological changes. Even in some Teleostei (e.g., Zoarces) 
uteri may be present, though most species of this group are ovipar
ous. The complications of the female reproductive ducts are 
induced by viviparity. 

From this comparison of the ducts of the reproductive organs, it 
follows that in respect to these structures the female is morphologi
cally the more advanced. The most important fact is the embryo
logical one that in the male there is generally a persisting uro
genital duct, in the female never a urogenital duct but oviducts 
:separate from the ureters. 

With regard to other differences in the sexual organs, the most 
important is the relative position in the body of ovaries and testes. 
Both arise in gnathostomatous Vertebrates as parallel longitudinal 
ridges of the peritoneum, close to the dorsal mesentery. Of these 
ridges only a portion fully develops, the remainder becomes 
arrested. An ovary is a growth at about the middle of such a 
ridge, a testis at a point of the ridge somewhat further back. Both 
ovaries and testes retain their abdominal position in most Verte-
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brates. But in the higher Mammals the testes move from this posi
tion (descensus testiculorum), at least periodically (Rodentia), into 
an external sac, the scrotum; morphologically speaking they are 
still, however, intra-peritoneal. This is of course a change without 
parallel in the female. But in those forms where this condition 
obtains the female shows a structural advance which quite balances 
the descenms testiculorum, namely, complex mammary glands. 
These are groups of enlarg~d cutaneous glands, usually with com
plicated ducts of discharge; in the male they do not advance 
beyond the embryonic condition and are rarely functional. The 
intromittent organ of the male attains its greatest complexity in 
certain Teleoslei, Reptilia and the higher Mammalia, and then is 
al.ways more complex than its female homologue, the clitoris. But 
in the Vertebrates it is never as complex a structure as in Insects 
and some Mollusks, and is hardly to be considered more specialized 
than the clitoris and vulva considered together. Special clasping 
organs of the male are infrequent (Selachii, Anura). The female, 
on the other hand, has in some cases brood chambers for the car
riage of the young, as the pouch in the Marsupial Mammals and 
the skin of the back in the toad Pi'pa; the mouth cavity is of use iri 
the Viper for protection of the young. It is more rare for the male 
to care for the young, and to have special structures for this pur
pose, but such cases are found in the abdominal pouch of the tele
ostean Sygnathidce and the oral cavity of certain Anura. 

The foregoing facts show that the genitalia of the male and 
female are essentially alike in the Acrania and Cyclostomata. In 
most Teleostei they are also alike, except that the male sometimes 
possesses an intromittent organ. But in most higher forms they are 
markedly dissimilar, and we can conclude that as a rule the female 
is morphologically more advanced in the point of gonads, genital 
ducts, and ap\)aratus for the protection or nursing of the young. 
From the standpoint of the reproductive organs the female is clearly 
the superior. 

Most investigators of mammalian embryology explicitly hold that 
the male represents an individual advanced beyond the condition 
of the female. They adduce the facts that the external genitalia are 
at fir.st alike in the sexes, then while the clitoris remains small the 
intromittent organ continues to grow, and while the ovaries retain 
their original position the testes descend into the scrotum. But 
these are relatively small differences in comparison with the others 
we have reviewed. 
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The other characters in which the males of Vertebrates differ 
from the females are secondary sexual. Sometimes such external 
differences are very slight or not perceptible, as in many of the 
Fishes, Birds and urodelous Batrachia. In most of the group, as we 
found for the In vertebrates also, the male is smaller; this is the 
case in the Acrania, Cyclostomata, Selachii, most Teltostomi, 
Dipnoi, most Batrachia, even in most Reptilia. In most Birds 
where there are sexual differences in size the male is the larger 
(but the female is in certain species of Falconidce and Scolopacidce), 
and in Mammals too the male is generally larger. This is an 
important difference, particularly when it implies a longer growth 
period and slower attainment of maturity, as in the Primates; we 
shall recur to this point. When there occurs dichromatism, it is 
the male that has the brighter or the more contrasted colors, as it 
s the male that possesses more marked integumentary structures, 
such as odoriferous glands, combs, plumes, greater development of 
feathers and hair, spurs, etc. But the greater intensity of colora
tion does not always denote morphological advance, for frequently 
the colors are not structural ( diffractive) ones. And the greater 
complexity or size of integumentary str~ctures is well known to be 
a character of little morphological importance, because of the lack 
of conservatism of such parts, their ready susceptibility to change. 
Among closely related forms, as in some families of Birds, we may 
find a species in which the sexes are externally alike in color and 
plumage, and another species in which they are quite dissimilar in 
these respects. In the Reindeer the cow has antlers as well as the 
bull, contrary to the condition in other deer. It is only rarely that 
the differences of the male are of greater morphological import, as 
in the different form of skull in the male salmon. We may decide 
from another point of view that secondary sexual characters must be 
estimated as of little value, because they have not even the worth 
of a species diagnostic, being not representative of all the individ
uals of a species. Accordingly, such secondary sexual differences 
are of too small worth to occupy much attention in the matter of 
comparing the sexes. 

We have now briefly compared the sexes by the standards of the 
structure of the reproductive organs and of the secondary sexual 
differences. We have found that while the female usually shows 
more advancement in the reproductive organs, the male evinces 
more in secondary sexual characters. Obviously it becomes a 
question of which of these characters is the more important. 
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The only secondary sexual character of morphological importance 
is that of bodily size, as we found in discussing the Invertebrates; 
it is the only one at all commensurate with anatomical differences 
in the genitalia. Its importance lies in the fact that greater size of 
one sex means a longer or more intense growth, greater continuation 
of development. This is the more evident where greater size is 
associated with longer time before the attainment of reproductive 
maturity. To be sure this must not be interpreted to mean that 
longer embryonic growth period is always to be construed as imply
ing higher morphological rank, for the Elephant takes longer to 
mature than does Man, yet the Elephant is decidedly lower in the 
phyletic scale; so, also, some Reptiles take a longer time than many 
Mammals. But within the same species, where one sex grows 
larger than the other it is, ceteris paribus, a sign of distinct 
morphological advance beyond the other. 

Now in most of the lower Vertebrates (most Anniotes and 
Reptilia) the female is the larger, and at the same time usually the 
more advanced with regard to the reproductive organs; the male 
shows his superiority only in unimportant integumentary characters. 
For such Vertebrates it is very plain that the female is structurally 
superior. But in most Birds and Mammals (much more rarely in 
lower forms), while the female is still more advanced in the structure 
of the genital organs, the male is usually the larger-a condition 
rare among animal groups treated as a whole. Is then the female 
still morphologically superior in these forms, or are we to consider 
that the relation has reversed itself so that in the highest forms the 
male has become the morphological superior? It is the question 
of the relative worth of the two characters: greater.complication or 
embryological advancement of the reproductive organs or greater 
bodily size implying a longer period of development. Or we may 
state it: the female is embryologically the superior in respect to 
the reproductive organs, the male in regard to the other organs of 
the body-which of course is directly correlated with the greater 
part that the female takes in the process of procreation. While 
different morphologists might estimate the value of these characters 
differently, I am inclined to judge the greater embryological 
advancement of the reproductive organs to be a condition of more 
morphological importance than greater bodily size. 

So we reach the conclusion, that the female is clearly the super-
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ior, from the standpoint of morphological advancement, in the 
Invertebrates and the Lower Vertebrates; and still superior, but in 
less degree, in the higher Vertebrates This is certainly the oppo
site of the view of most naturalists, but to my mind there can be 
no other inference from the facts. 

University of Texas, September 22, I904. 
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A LIST OF THE TYPES OF FOSSIL VERTEBRATES 
IN THE MUSEUM OF THE UNIVERSITY 

OF TEXAS. 

THOS. H. MONTGOMERY, JR.1 

A considerable number of fossil vertebrates, collected by the 
geological surveys of the State of Texas under the direction of 
Mr. E. T. Dumble, state geologist, had been sent to Dr. E. D. 
Cope for identification. Much of this material is in very frag
mentary condition, but Dr. Cope labelled all the recognizable 
specimens and described from the collection a number of new 
species. For ten years or more this material has remained in 
unopened boxes, as it was returned by Dr. Cope. In the course 
of the past summer I have arranged these collections in the Uni
versity Museum, and carefully determined all the type material, 
a comparatively easy task since Dr. Cope had labelled such 
specimens in almost all cases with the word "type." All the 
types described by Dr. Cope in the reports of the Geological 
Survey have been found, with the exception of those of Pliauclzenia 
spatula and Microdus dumblei. 

Since this valuable material has finally been rescued after so 
many years of obscurity, it seems advisable to publish a list of the 
type specimens for the use of students of vertebrate paleontology. 

In this list I have stated the place of first description of each 
of the species, with the exception of Deltodes planidms and the 
species of Mesodon: these are not described in the Geological 
Reports, and I can find no mention of them in the '' Zoological 
Record." Most of the species are described in the "Report on 
the Paleontology of the Vertebrates," Third Annual Report of 
the Geological Survey of Texas, published in I 892; and in "A 
Preliminary Report on the Vertebrate Paleontology of the Llano 
Estacado," Fourth Annual Report of the Geological Survey of 
Texas, published in I 893. For the sake of brevity these two 
papers may be referred to respectively as the ''Third Report" 
and the "Fourth Report." 

1 Contributions from the Zoological Laboratory of the University of Texas, No. 63 
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Pisces. 

Deltodes planidcns Cope. 
Mesodon diastematicus Cope. 
M. dumblianus Cope. 

Reptilia. 

Belodon superciliosus Cope, Fourth Report, p. I 2. 
Palceo'ctonus ortlwdon Cope, Ibid., p. I 5. 
P. dumblianus Gope, Ibid.,. p. 16. 
Testudo hexagonata Cope, Ibid., p. 77. 
T. laticaudata Cope, Ibid., p. 75. 
T. turgida Cope, Proc. Amer. Phil. Soc., I 892, p. 127. 
T. pertenuis Cope, Ibid., p. 226. The material of this, as of 

turgida, is in very fragmentary condition and not marked "type" ; 
but probably it is a portion of the type material. 

Mammalia. 
Eden ta ta. 

Mega/onyx leptost01nus Cope, Fourth Report, p. 49. 
Tomiopsis ferrum£natus Cope, Proc. Amer. Phil. Soc., I 893, 

p. 317. 

Proboscidea. 

Dibelodon prcecursor Cope, Fourth Report, p. 64. 
Tetrabelodou serridens ciniarronis Cope, Ibid., p. 18. 

Ungulata. 

Platygonus bicalcaratus Cope, Fourth Report, p. 68. 
Blastomeryx (Merycodus) gcmmifer Cope, Annual Report U.S. 

Geological Survey of Territories, 1874, p. 53I. Report U.S. 
Geological Geography. Surveys west of the 1ooth meridian, 
I 877, p. 360. 

Holotneniscus macroceplialus Cope, Fourth Report, p. 8 5. 
H. sulcatus Cope, Ibid., p. 84. 
Procamelus leptognathus Cope, Ibid., p. 37. 
Protohippus fossulatus Cope, Ibid., p. 30. 
P. paclzyops Cope, Ibid., p. 4I. 
P. lenticularis Cope, Ibid., p. 41. 
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Hippidium interpolatum Cope, Ibid., p. 42. 
Equus cumminsii Cope, Ibid., p. 67. 
E. eurystylus Cope, Ibid., p. 43. 
E. semiplicatus Cope, Ibid., p. 80. 
E. simplicidens Cope, Proc. Amer. Phil. Soc., I 892, p. I 24. 
E. mi'nutus Cope, Fourth Report, p. 67. 

Carnivora. 
Felis hillianus Cope, Fourth Report, p. 5 5. 
Borophagus diversidens Cope, Amer. Nat., 1892, p. 1028. -

Fourth Report, p. 54. 
Canimartes cumminsii Cope, Fourth Report, p. 5 2. 

UNIVERSITY OF TEXAS, 

September 24, 1904. 
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SUMMER RESIDENT BIRDS OF BREWSTER COUNTY, 
TEXAS. 1 

BY THOS. H. '.\fONTGOMERY, JR. 

THE present paper embodies the avifaunistic results of a 
collecting trip in Brewster County, from June 14 to July 5, 1904, 
when it \\'aS my good fortune to accompany the State Mineralogi
cal Survey. To the director of the Survey, my friend Dr. William 
B. Phillips, I am greatly indebted for all the facilities placed at 
my disposal. 

The region is one very little known to zoologists, though 
Messrs. Oberholser and Bailey have collected in the Chisos 
Mountains which lie at the southern part of the county. The 
County of Brewster is situated in the southwestern part of Texas, 
between the 103rd and 104th degrees of longitude, and the 29th 
and 30th of latitude. Its southern border is the Rio Grande. A 
detailed topographical map of this region is in process of prepara
tion by the Mineralogical SurYey. The trip commenced from the 
town of Alpine, in the northwest, on the Southern Pacific Rail
road ; we reached Altudo, about 1 2 miles to the east, June 14 and 
remained there until the 19th ; Altudo has an altitude of 47 50 
feet. From there we proceeded due east to the town of Mara
thon, with an altitude of a little more than 4000 feet, where we 
spent two days; thence south: spending one night at Garden 
Springs (37 50 feet), one at ~Iiller ' s Wells, then south to Marley's 
Wells ( 4000 feet) where we camped from the 24th to the 27th of 
June ; then south again to Chisos Pen (3 120 feet) where I 
remained to July 6, from there making a trip of two days to Green 
Gulch (4700 to 6000 feet) in the Chisos Mountains. 

The country traversed may be said to be characterized by high 
and abrupt sierras, of volcanic rocks and limestones, bordering on 
high plains thrown into series of what now appear as rolling hills. 
Everywhere are the heavy marks of erosion. There is but little 
water, here and there at long distances a rain pool in the moun
tain sides, or a marshy spring in the plains ; water is so scarce 

1 Contributions from the Zoological Laboratory of the University of Texas. 
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that on most of the ranches the cattle are supplied from wells; 
and where the water lies there is apt to be an oasis in the desert, 
- shade from a group of cottonwood trees, but elsewhere on the 
plateau one looks in vain for shel!er from the sun. Cacti, grease
wood bushes, dwarfed mesquite, and sotol bushes compose the 
characteristic flora of the plains, and in large districts the brown, 
baked earth bears no grasses. The flora of the mountains is 
richer and more varied, and the Chisos is well timbered with 
small pines, red oak and other trees. 

The fauna is richest on the mountain sides and the wooded 
canons, poorest on the plains. The latter may be said to be 
essentially Sauropsidan and Hymenopterous: birds, lizards, ants 
and wasps, with few Lepidoptera and Arachnida. One reason for 
the lack of richness in the fauna of these high ·plateaus is to be 
found, I think, in the occasional destructive torrents which S\Yeep 
over them from heavy rains on the mountains ; only the ants 
seem to survive these deluges. For most of the year there is 
total lack of water, with now and then destructive rivers of it. 

Specimens of all the species mentioned in the following list 
were secured, unless otherwise stated. This list contains all the 
species seen except two or three species of hawks and one '"ood
pecker, which could not be identified. A longer time spent in the 
Chisos Mountains and along the Rio Grande (which I did not 
reach) would undoubtedly add considerably to the number in the 

list. 
There can well be no question as to all these species being 

summer residents, on account of the time of the year, and of the 
fact that most of the birds were in moulting plumage, and many 
were immature. 

I. .lEgialitis vocifera. KILLDEER PLoYER. - Alpine to Altudo, :\Iara
thon, Garden Spring ; one or two pairs at each permanent spring. 

2. Callipepla squamata. SCALED PARTRIDGE. -- Common along most 
of the route, on the plains rather than on the mountain sides. This is 

known locally as the ''blue quail." 
3. Cyrtonyx montezumre mearnsi. MEARXS QuAIL.- Two pairs at 

Green Gulch. 

4. Columba fasciata. BAND-TAILED PIGEON. - Oak Spring cafion, 
Chisos Mountains; quite abundant around springs \vhither they come 

to drink. 



l\IoNT<;OMERY, Birds of Brewster Co., Texas. [
Auk 
_ian. 

5. Zenaidura macroura. ?\Ioi..:R:'\IXG DovE. - Several pairs observed 
at each of the camps. 

6. Cathartes aura. Tt:RKEY BuzzARD. - Present, but not in large 
numbers, along the whole route . 

7. Aquila chrysaetos. GOLDE:'\ EAGLE. -A pair of these birds were 
seen each evening at Altudo as they came to roost in the side of a cliff. 
According to the ranchmen they are still rather common in the county. 

8. Geococcyx californianus. ROAD-RUNNER; "PAISANO BIRD."-
Garden Springs, ·Marley's \Veil s, Chisos Pen; not numerous. 

9. Dryobates scalaris bairdi. TEXAN \yooDPECKER. - :\farley's \-Veils, 
Chisos Pen, Green Gulch; fairly common. 

10. Phalrenoptilus nuttallii nitidus. FROSTED PooR-WILL. -Altudo, 
Garden Spring, Marley's \Veil s, nesti:ig on the mountain sides and 
strictly nocturnal. 

Ir. Chordeiles virginianus. ~IGHTHAWK. - A variety of the species 
was seen at Altudo, but not secured; it had the peculiar droppi·ng 
descent and booming noise not s hared by the following. 

12. Chordeiles acutipennis texensis. TEXAN NIGHTHAWK. - Common 
at Christmas Spring and Chisos Pen, crepuscular rather than nocturnal. 

13. Aeronautes melanoleucus . \YHITE-THROATED SwIFT. - Seen and 
secured on ly at Green Gulch " ·here there were about twelve pairs. 

14. Trochilus colubris. Rt:BY-THROATED I-h: :\·DIIXGBIRD. - Common 
at Altudo and Green Gulch, abO\·e the plain s. 

15 Tyrannus melancholicus couchi. CoucH KIXGBIRD.-One pair at 
Altudo . 

16. Myiarchus cinerascens. ASH-THROATED FLYCATCHER. - Com
mon at Altudo, Marley's \Yell s, Green Gulch, Chisos Pen. 

17. Sayornis saya. SAY PHCEBE. -Two pairs at Altudo. 
18. Aphelocoma woodhousei. \\'oom-rousE JAY. - One secured , and 

others seen, about fifteen miles east of Alpine. 
19. Aphelocoma couchi. CoccH JAY. - Common in Green Gulch , in 

the high timbered region. of the mountains. 
20. Corvus cryptoleucus. \VHITE-NECKED RAYEX. -A species of 

raven, " -hich was poss ibly thi s one. war; seen but not secured at Alpine, 
Altudo and Chisos Pen. 

2i. Corvus americanus. A:\IERICAN CROW. - Seen at Marathon. 
22. Molothrus ater. CownIRD. - Either this species or its race, M. a. 

obscurus, was observed at most of the water holes visited, but none could 
be obtained. 

23. Sturnella magna. :\IEADOW LARK. -A variety of this species 
'vas seen on the grassy plains at Altudo. 

24. Icterus parisorum. ScoTT ORIOLE. - Common at Altudo, Mar
ley 's \Veils a nd Green Gulch. 

25. Carpodacus mexicanus frontalis. HousE FrxcH. - One pair at 
Altudo. 

26. Passer domesticus. ENGLISH SPARROW. - Common in the town 
of Alpine. 
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27. Chondestes grammacus strigatus. WESTERN LARK SPARROW. -
A few found on the plains just west of Altudo. 

28. Amphispiza bilineata deserticola. DESERT SPARROW. - I am in 
doubt as to whether my specimens are of thi s race or of A. bilineata, for 
they seem somewhat intermediate. Common among the mesq uite at 
Garden Spring, Marley's Wells and Chisos Pen, not ascending the 
mountain s. 

29. Peucrea cassini. CASSIN SPARROW. - Common on the plain~ 

from Altudo to Marley's Wells. 
30. Aimophila ruficeps scottii. ScoTT SPARRow.-At Altudo , much 

less abundant than the preceding. 
3r. Aimophila ruficeps eremreca. RocK SPARROW.- Common in the 

timbered part of Green Gulch. 
32. Pipilo maculatus arcticus . ARCTIC TowHEE. - Common in the 

same locality as the preceding. 
33. Pipilo fuscus mesoleucus. CAxo~ TowHEE. - Fairly common 

from Altudo to Green Gulch, nesting on the s ides of the mountains. 
34. Pyrrhuloxia sinuata. ARIZOXA PYRRHULOXIA. - :Vlar1ey';; \\.e ll;.; 

and Chisos Pen, in mesquite thickets of the plains. 
3S· Guiraca crerulea lazula. \VESTERX BLUE GROSBEAK. - Seen at 

Altudo, Garden Springs, and Green Gulch, but so shy that none \\·ere 
secured. 

36. Cyanospiza versicolor. VARIED BGXTING.- One pair at .\Iarle.'"·;, 
Wells and at Chisos Pen. 

37. Petrochelidon lunifrons . CLIFF SWALLOW.- A considerable num
ber seen at Alpine, collecting mud for their nests. 

38. Lanius ludovicianus excubitorides . \VHITE-RUMPED SHRIKE.
One pair at Marley's Wells and at Chisos Pen. 

39. Mimus polyglottos leucopterus. \VESTERN MOCKINGBIRD.- Com
mon along the whole route, on the plains and in the lower parts of the 
canons. 

40. Toxostoma crissalis. CRISSAL THRASHER . - Fairly common at 
Garden Spring and Marley's Wells. 

4 I. Heleodytes brunneicapillus. CACTt:s \VREN. - Several found at 
Garden Spring. 

42. Catherpes mexicanus conspersus. CARox WREN .-Altudo, ::\Iar· 
ley's Wells, and Green Gulch, high up on the mountain s. 

43. Parus atricristatus. BLACK-CRESTED TIT:\IOUS E.- Common in the 
higher part of Green Gulch. 

44. Psaltriparus plumbeus. LEAD-COLORED Bi.;sH-TIT.-Common on 
the mountain sides at Altudo and Green Gulch. 

45. Psaltriparus lloydi. LLOYD BusH·TIT. -Timbered portion of 
Green Gulch. 

46. Auriparus flaviceps. VERDIN.- Plains at Chi sos Pen. 

47. Polioptila plumbea. PLuMBEous GNATCATCHER. -Common at 
Garden Spring, Marley's Wells, and Green Gulch; found mostly on the 
high plains. 
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