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Due to high mortality encountered by marine fish larvae during their first 

weeks of life, small changes in the number of individuals surviving through this 

period can cause large fluctuations in year-class strength.  Larval Red Drum 

(Sciaenops ocellatus) are dependent upon structured estuarine habitat to avoid 

predation. A study of post-settlement larval Red Drum distribution in a subtropical 

seagrass meadow in Mission-Aransas Estuary, Texas, USA indicates that larvae 

settle over approximately two months.  Abundance of larger settled larvae was 

significantly different among sites.  The areas of highest larval abundance varied 

temporally, indicating that the entire extent of the seagrass bed is utilized.  

Regression analysis of abiotic environmental factors did not explain why larvae were 

more abundant at particular sites. To characterize the structure and variability of the 

fish species assemblage that Red Drum encounter upon settlement, larvae and 
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juveniles were captured in the seagrass meadow during weekly collections. Of the 32 

fish species collected, seven represented 92% of the assemblage.  Multivariate 

species analysis indicated that collections widely separated in time and space shared 

the lowest Bray-Curtis similarity.  Because Red Drum settle over a relatively long 

period and co-occur at body sizes known to cause cannibalism under laboratory 

conditions, I tested combinations of small and large Red Drum larvae at various 

field-realistic densities and at different levels of seagrass habitat structure to 

determine potential for cannibalism.  Artificial seagrass did not protect small (5 – 6 

mm SL) larvae from cannibalism, but natural dense seagrass had a protective effect 

relative to edge habitat.  The final component of this research examined the emergent 

impacts of a common predator pinfish (Lagodon rhomboides) on mortality and 

cannibalistic interactions between small and large Red Drum larvae. Both pinfish 

and large Red Drum larvae alone readily consumed small Red Drum in all seagrass 

habitat structures tested.  However, the combined treatment of pinfish and large Red 

Drum together led to reduced mortality of small Red Drum. Predation can 

significantly affect Red Drum survival during the post-settlement period, and 

multiple predators may have a protective effect on the smallest settlers if predation 

pressure is re-directed towards a larger size class.   
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Chapter 1. Spatial utilization of a homogeneous estuarine seagrass 
meadow by larval Red Drum (Sciaenops ocellatus): Effects of 

larval supply and post-settlement processes 

 

I TRODUCTIO  

 

Due to high mortality rates experienced by pelagic marine fish larvae, the 

number of individuals surviving through the early life stages has a large impact on 

year class strength (Sissenwine 1984; Houde 1987; Bailey and Houde 1989, 

Roseman et al 2005, Stewart and Scharf 2008). Estuarine-dependent fishes typically 

have complex life histories characterized by a pelagic early larval stage followed by 

settlement of larger larvae to demersal estuarine nursery habitat.   To generate 

accurate estimates of settlement strength and post-settlement population size, we 

need to understand how fish are distributed within nursery habitats at the time of 

settlement and shortly after.  

Investigation of how use of postsettlement nursery habitat by larval fishes 

varies spatially and temporally will allow for more confident assessment of critical 

habitats and their likely contribution to year class strength.  Many studies have 

addressed differences in how fish utilize distinct habitat types (Weinstein and Brooks 

1983, Sheridan 1992, Sogard and Able 1991, Jenkins and Wheatley 1998, Ryer et al 

2007, Burfeind et al 2009).  Much less is known about spatial patterns within 
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microhabitats (Nuraini et al 2007, Pappal et al 2009) or relatively homogenous 

habitat.     

Larval fishes are often patchily distributed in the pelagic environment (Victor 

1984; Mackas et al. 1985).  Patchy larval supply can contribute to uneven settlement 

in seagrass nursery habitat (Bell and Westoby 1986).  Surveys that do not account for 

this range of variability in post-settlement distribution may lead to erroneous 

predictions of year-class strength by over- or underestimating population size.     

Seagrass meadows provide nursery advantages to early life stages of many 

fishes and invertebrates (Heck et al. 1987; Orth and van Montrans 1987; Bell and 

Pollard 1989). Habitat can serve a nursery role for young fish if, relative to 

surrounding non-nursery habitat, it supports higher density, growth, survival, and/or 

movement of juveniles to adult habitats (Sogard 1992, Beck et al. 2001). Of those 

attributes, this study specifically addresses density by examining spatial and 

temporal variability in density of both newly settled and post-settlement Red Drum 

within a homogenous seagrass habitat. Knowing that seagrass is a nursery habitat for 

Red Drum, the goal of this research is to determine whether the strength of the 

nursery’s ability to attract and retain settlers varies over time and space.   

  Red Drum Sciaenops ocellatus is a recreationally-important estuarine-

dependent sciaenid species.  Adult Red Drum migrate to the coast to spawn in late 

August through mid-November (Johnson 1978).  Larvae are pelagic for the first two 

to three weeks after hatching and drift alongshore, at which point they may enter 

through tidal passes into estuaries and settle into seagrass beds from mid-September 
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to early December (Holt et al. 1983; Rooker et al. 1998).  The term “settlement” is be 

used interchangeably with “seagrass recruitment” for species whose larvae utilize 

seagrass as transient nursery habitat (Worthington et al. 1991, Herzka et al. 2002)  

This refers to the process of a larvae abandoning its planktonic existence and 

adopting a relationship with the substrate.  As the term applies to seagrass-affiliated 

fish larvae, it does not imply that an individual will remain at the original settlement 

site, as settlement is defined for coral reef fishes.  

In the Mission-Aransas Estuary where our survey was done, the primary type 

of structure available to Red Drum larvae is seagrass. The species has a strong 

affinity for structure and is rarely caught in unvegetated or unstructured areas. In a 

field survey, young Red Drum of 6-27 mm were never caught over unvegetated 

muddy-sand bottoms, but were instead concentrated over patches of seagrass (Holt et 

al. 1983). Density of Red Drum larvae is higher in areas of shoal grass Halodule 

wrightii than either unvegetated substrate or turtle grass Thalassia testudinum 

(Rooker and Holt 1997).  In mesocosm experiments, Red Drum larvae experienced 

significantly higher predation mortality in no-shelter control treatments than when 

provided with H. wrightii or T. testudinum (Rooker et al. 1998).    

The main goal of this study was to elucidate within-habitat patterns of post-

settlement distribution of Red Drum larvae following their arrival to estuarine 

seagrass meadow nursery habitat.  We hypothesize that newly settled Red Drum 

larvae will be distributed more densely in the areas of our study site closest to the 

planktonic larval supply coming from the tidal inlet to the south.  We also predict 
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that larger post-settlement larvae will exhibit patchier spatial distributions as they 

have had more time to redistribute and have greater ability to react to environmental 

microhabitats within the seagrass bed.   
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METHODS 

 

Red Drum larvae were collected from a large seagrass bed (approximately 5 

km in length and 0.2 km wide)  adjacent to the south-west side of San Jose Island in 

the Mission-Aransas Estuary, Texas, USA.  This seagrass bed is typically dominated 

by shoal grass Halodule wrightii with smaller patches of turtle grass Thalassia 

testudinum, but also contained large amounts of widgeon grass Ruppia maritima in 

2004.   

Tidal exchange between the estuary and coastal waters occurs through the 

Aransas Pass tidal inlet located in the northwestern Gulf of Mexico. The nearest 

consistently open tidal passes are 35 km to the north (Pass Cavallo) and 125 km to 

the south (Mansfield Pass).  The central coast of Texas consists of long, sandy barrier 

islands that that are periodically separated by tidal inlets that allow exchange of 

water between the coastal Gulf of Mexico and shallow bays.  Hydrodynamic models 

(Brown 2004) and the large distances between inlets suggest that most Red Drum 

larvae found in Mission-Aransas Estuary enter through the Aransas Pass inlet. 

During the late summer and early fall spawning season of Red Drum, winds blow 

mainly from the south, south-east, and east with occasional reversals. The 

predominantly onshore winds facilitate transport of eggs and larvae to the inlet 

(Brown et al. 2004).  Tides are primarily diurnal and mixed diurnal-semidiurnal 

(Zetler and Hansen, 1970) with peak current velocity through Aransas Pass of 1.5 m 
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s
-1

 (Williams et al, 1991; Brown et al, 2000). According to passive particle modeling, 

transport is primarily alongshore and particles move down coast from the northeast 

to southwest.   

 Red Drum larvae and early juveniles were collected during fall 2003 and 

2004 throughout the settlement period of this species.  Our survey area covered a 4 

km (plus 1 additional km to the adjacent north in 2004) section of nearly continuous 

seagrass meadow (Fig. 1.1).  The width (distance from shore to outer edge) of the 

area sampled varied both spatially along the extent of the sampling area and 

temporally as water levels changed with the tidal cycle but averaged 0.15 to 0.25 km. 

When the water level was high, tows were collected closer to shore. The starting 

point of the southernmost station began 4 km north of Aransas Pass Inlet and 

continued with stations separated by 0.5 km intervals for a total of 8 stations in 2003 

and 10 stations in 2004.  The first 8 stations were identical in both years, and 2 

additional stations to the north were added in 2004 to better understand how distance 

from the tidal inlet may be related to Red Drum density.  

Survey Methods 

Red Drum larvae were collected weekly from October 9 to November 20 in 

2003 and from September 14 to December 2 in 2004.  The temporal extent of 

sampling was expanded to ensure the survey fully encompassed the beginning, peak, 

and end of the settlement season.  Fish were collected with a 500 µm mesh hand-

towed beam trawl towed for 20 meters of seagrass with 3 replicates.  Samples were 

placed in large bins and sorted to remove extraneous vegetation and larger fish (> 
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approx. 50 mm SL) and invertebrates.  The remaining samples, including the Red 

Drum larvae, were preserved in seawater buffered 10% formalin.   

 All Red Drum were counted, photographed, and measured using ImageJ 

image processing software (http://rsb.info.nih.gov/ij/).  Individuals larger than 25 

mm were excluded from further analysis due to known gear avoidance by sciaenids 

above this size (Rooker et al. 1999).  To distinguish between distributions of recently 

settled Red Drum and larger previously settled larvae in the analysis, the collected 

fish were separated into “small” (<= 10 mm SL) and “large” (> 10 mm SL) size 

categories.  According to an isotopic study of size at settlement (Herzka et al. 2002), 

97% of Red Drum larvae that settle in the Mission-Aransas Estuary do so at a size of 

5 to 10 mm SL.  Ten mm SL was chosen as the logical split between new settlers and 

post-settlers.   

A YSI data logging sonde was deployed at each station during trawling to 

measure temperature, salinity, depth, and dissolved oxygen.  At the middle of the   

sampling season in each year, three seagrass cores were collected from each station.  

The seagrass samples were collected with a plexiglass 9 cm diameter core and 0.006 

m
2
 area. However, a full seagrass structure analysis was only done on the cores from 

2003 because the 2004 cores were heavily interspersed with Ruppia maritima, a 

seagrass whose branching structure is distinct from the long, unbranched leaves of 

Halodule wrightii that composed the majority of the seagrass bed.  From the 2003 

seagrass cores, the mean number of shoots per core, mean number of leaves per 

shoot, and mean leaf length were calculated.  However, the extensive difference in 
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architecture of the two species in 2004 did not allow for a meaningful comparison 

between their structures so the seagrass cores were not analyzed in that year.  

 

Statistical analysis 

General linear models (GLMs) were used to test for differences between 

mean densities of small and large fish by station in each year, resulting in four GLMs 

(ie, 2 size classes and 2 years).   A randomized block design was used to test effect of 

station and sampling date (with date used as a blocking factor) on larval density.  

Red Drum catches were very high on a few sampling dates, so the fish density data 

were square root transformed to improve normality and  meet assumptions for the 

generalized linear model. Untransformed data are shown in the figures to aid 

interpretation. Because catch efficiency may vary in different seagrass species 

(abundant R. maritima in 2004 but not 2003) and the primary goal of the study was 

to detect seasonal and spatial effects rather than between-year effects, the GLMs for 

effects of station on Red Drum density were modeled separately for each year.  The 

extended sampling dates and stations from 2004 (dates: Sep. 14, Sep. 21, Sep. 28, 

Dec. 2; stations: 9, 10) were excluded from GLM analysis but are included in the 

figures to provide a more complete picture of distribution patterns.   

Regression tree analysis was used to determine whether the measured 

attributes of seagrass structure were predictive of Red Drum density among the 

stations.  Because seagrass cores were collected only once in the season, this analysis 
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is meant to reveal only the spatial, not the temporal, relationship between seagrass 

structure and Red Drum density.  
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RESULTS 

 

Environmental conditions and seagrass characteristics  

Water temperatures during sampling ranged from 18.4 to 29.3 ◌۫ C, and 

salinity ranged from 18.6 to 35.0 ppt. Dissolved oxygen levels were 4.8 to 15.1 

mg/L.  Since sampling was done on a weekly schedule rather than a tidal schedule, 

water depth ranged from 0.27 to 0.75.  None of these environmental factors varied 

significantly by station.   

In 2003, when the full seagrass analysis was done on the exclusively H. wrightii 

seagrass cores, the mean leaf length was 178.7 mm (range: 115.0 cm – 276 mm). 

Number of shoots per core and mean leaf count did not vary significantly by station.  

The number of shoots per core was divided by 0.006 (surface area of the core in m
2
) 

to provide biologically meaningful shoot density.  The shoot density ranged from 

3,333 shoots/m
2
 (scaled from 20 shoots per core) to 8,000 shoots/m

2
 (scaled from 48 

shoots per core) with a mean density of 5,000 shoots per m
2
 (scaled from 30 shoots 

per core). Number of leave per shoot ranged from two to four, with a mean of 2.8.  

Mean leaf length was significantly higher at station 7 than 3, but otherwise there 

were no significant spatial differences in seagrass structure. The regression tree 

analysis did not reveal a strong influence of any attribute, or combination of 

attributes of seagrass structure on Red Drum distribution.  
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Characteristics of Red Drum catch 

 

The size structure of Red Drum was similar between years (Fig. 1.2) and 

ranged from 4.4 to over 40 mm SL.   The most commonly caught size (mode) Red 

Drum was 8 to 10 mm.   Excluding the non-overlapping dates and stations from 

2004, mean densities of both small and large fish were higher in 2004 than 2003 

(small fish: p = 0.039; large fish: p= 0.023) (Table 1.1). 

 

Temporal patterns 

In both years, density of small fish peaked at the middle of the study period 

and decreased rapidly within one or two weeks, indicating the end of the settlement 

season (Fig. 1.3, 1.4). Within-season peaks in density of newly settled larvae were 

reached on Oct. 30 in 2003 and Oct. 19 in 2004. 

The GLM shows significant effects of time on density for both size classes of 

fish in both years (p-value < 0.001 for large and small fish in 2003; p-value < 0.001 

for small fish in 2004; p-value = 0.006 for large fish in 2004) (Table 1.2).  Density of 

large fish in 2003 was highest on the three final sampling dates, and likely indicates 

previously settled fish growing larger than 10 mm SL (Fig. 1.4).  In 2004 there were 

few large fish on the first three dates (September 14, 21, and 28) of the expanded 

sampling period (but sampling in 2003 did not begin until October 2, so interannual 

comparison of larval densities in September is not possible).  The density of large 



 12 

fish varied by date but there was no consistent trend in the temporal pattern of large 

fish in 2004 (Fig 1.4).    

Spatial patterns 

The GLM indicates no significant effect of station on small fish density in 

2003 (p-value = 0.578) (Table 1.2) but density was lowest at station 6 and small new 

settlers were generally more concentrated farther from the inlet.   However, in 2004 

there was a significant station effect on small fish distribution (p-value = 0.036) 

(Table 1.2) but despite high variability in density among stations, there was no 

consistent spatial pattern related to distance from the inlet (Fig. 1.5).  

In both 2003 (p-value < 0.001) and 2004 (p-value = 0.027) (Table 1.2), there 

was a significant effect of station on distribution of large fish.  In 2003, large fish 

were most abundant in the northern part of the seagrass bed (stations 5, 7, and 8) and 

less abundant nearer the tidal pass at the southern end (station 1 to 4) (Fig. 1.5).  Like 

the small new settlers in 2004, there was also a significant station effect on large fish 

density but no consistent spatial pattern in that year.  Furthermore, the areas of the 

seagrass bed that supported the highest densities of both small and large recently 

settled Red Drum were different between years (Fig. 1.5).   
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DISCUSSIO  

 

In both 2003 and 2004, density of small newly settled Red Drum (<= 10 mm 

SL) strongly peaked in mid to late October reflecting large numbers of settlers 

entering the seagrass bed. For small fish, the temporal effect on distribution was 

much larger than the spatial effect (Table 1.2).  Larvae of four sciaenid species, 

including Red Drum, are known to co-occur at high abundance during pulsed larval 

supply events that typically occur 10-16 days apart and with duration of 2 tidal 

cycles (Holt, unpublished data).  This synchrony in transport of various species 

through the tidal inlet suggests that physical mechanisms are more important than 

species biology in driving larval supply to seagrass beds within the estuary (Brown et 

al. 2004).   

The temporally pulsed nature of larval supply observed for the smaller Red 

Drum combined with Brown’s hydrodynamic model supports the possibility that the 

majority of larvae arriving on only a few dates is primarily associated with seasonal 

hydrodynamic events such as wind reversals.  Since flow within the Mission-Aransas 

Estuary is primarily wind-driven but also tidally influenced, the areas of highest new 

settler density within the seagrass bed may have been different between sampling 

dates due to temporal variability in hydrodynamics associated with changing wind 

and tidal regimes.  
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In both years, density of larger larvae was high (mean > 0.5 fish/m
2
) during 

the three weeks following the peak settlement date for small new settlers (Fig. 1.4).  

This pattern suggests retention of larvae within the seagrass bed after settlement, as 

new settlers grow into the > 10 mm size class.  The densities of large fish in these 

weeks immediately following the settlement peak are lower than the densities of 

small fish that arrived during the peak, a pattern that is consistent with the high 

mortality known to be experienced by estuarine fish larvae (Kneib 1993, Rooker et 

al. 1999, Stewart and Scharf 2008). 

The stations near the tidal inlet did not consistently have more small fish than 

those farther from the inlet. If larvae arrived to the seagrass bed by the most direct 

route possible from the inlet, there should be a consistently higher concentration of 

larvae at the southern edge of the seagrass bed.  This was not the case, and prior 

work has found that smaller planktonic larvae first inhabit deeper patchy ‘edge’ 

seagrass and later move into shallower and more evenly vegetated ‘core’ seagrass 

(Perez-Dominguez 2005).  The findings of that work combined with this study’s 

results suggest that increasing body size may be associated with lateral movement 

from deep edge to shallower core seagrass, rather than alongshore movement away 

from the inlet.   

Large post-settlement Red Drum larvae (10-25 mm SL) were distributed 

unevenly within the seagrass bed in both years, as indicated by a significant station 

effect in both years (Table 1.2). This variability in habitat utilization is not explained 

by any of the abiotic or seagrass structure factors that were recorded.   Although 
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there was significant variability in spatial distribution of large Red Drum in both 

years, no single station seagrass bed was a consistent “hot spot” with high Red Drum 

density within or between years.  In 2003, large Red Drum were more concentrated 

at the stations in the northern end of the seagrass bed, whereas in 2004 there was no 

consistent spatial trend with distance from the inlet despite significant differences in 

density of large fish between stations.  The interannual variability in distribution of 

new settlers, as well as the within year variability in both small and large fish, 

suggest that the entire seagrass bed plays a dynamic and important role in providing 

nursery habitat to Red Drum.  

The conditions that larvae encounter in nursery habitats can affect post-

settlement distribution patterns, growth, mortality, and recruitment potential (Baltz et 

al. 1998; Letcher et al. 1996; Neill et al. 1994).  If larvae of all sizes were equally 

influenced by environmental and biotic factors and exhibited the same behaviors, 

then the two size classes we studied should have had similar distributions. Unlike 

small new settlers in 2004, larger larvae were not evenly distributed in either year.  

Small newly settled and large post-settlement Red Drum larvae are likely affected by 

different processes and/or engage in different behaviors that cause their distributions 

to differ. Although some fish species do not experience ontogenetic shifts in habitat 

preference during the early life stages (Winkler et al. 1997) or actually become more 

generalized (MacPherson 1998), many species experience ontogenetic changes in 

larval and early juvenile habitat requirements (Eggleston 1995; Vagelli 2004; 

Gratwicke et al. 2006).  Bell and Westoby (1986) proposed the ‘settle and stay’ 
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hypothesis to explain how larvae respond to structured habitat at the time of 

settlement and shortly after.  This hypothesis suggests that patchily distributed larvae 

will settle to the first seagrass that they encounter, without discriminating between 

seagrass beds of varying habitat quality.  After settlement, they may relocate to more 

favorable microhabitat within the seagrass bed, but will not cross an unprotected 

non-seagrass area to seek out an entirely new seagrass bed. Our study did not test the 

traditional settle and stay hypothesis because it focused instead on settlement and 

post-settlement patterns within a continuous seagrass bed.  To move to new areas of 

this bed, larvae would not have to traverse large unvegetated areas.  However, the 

study did test and confirm that particular areas within the seagrass habitat are not 

consistently favored (as identified by high density) by larvae over time.   

Post-settlement distributions may become patchier over time as larvae 

experience spatially differential mortality or migrate within the seagrass bed in 

response to ontogenetic changes in dietary or habitat preference, swimming ability, 

predator detection and avoidance, and tendency to group with conspecifics.  Because 

the larger larvae had been in the seagrass longer and were more developed than 

newly settled fish, they may have more opportunities for re-distribution from their 

original settlement site.  Larger larvae have spent more time exposed to 

hydrodynamic forces that could redistribute them.  Swimming speed increases during 

development, from an average of 11.9 mm s
-1

 at 5-6 mm to 39.0 mm s
-1

 at 8-9.5 mm 

TL (Sarkisian 2005).  As a fish’s swimming speed increases, its ability to quickly 

move to and investigate new areas also increases.  As Red Drum grow, their diet 
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broadens (Soto et al. 1998) so large fish may be able to travel greater distances 

within the seagrass bed while exploiting a variety of food items along their travel 

path and thus colonize new areas that are not accessible to smaller larvae.  The 

patterns revealed by this study suggest, but do not prove, that larvae may move 

extensively within a nursery habitat after settlement.   

Larvae that are not found at similar abundances at the same stations on 

subsequent sampling dates have either moved or suffered mortality.  The high rates 

of mortality suffered by Red Drum larvae (Rooker et al. 1998, Rooker et al. 1999) 

explain why the total abundance of larvae declines in the weeks following a peak in 

settlement (Fig. 1.3).  However, declines in fish abundance can also be attributed to 

movement.  Because the extent of our sampling was limited to three replicate tows at 

each station on each sampling date, larvae may have been present in the area but not 

collected by the trawl.  Larvae may also move to and from deeper parts of the 

seagrass that were not targeted in this study (Perez-Dominguez 2005). The seagrass 

bed covers several kilometers, so re-distribution of larvae between sampling dates 

could occur over the entire range of the habitat.  

The conditions, biotic and abiotic, that larvae encounter around the time of 

settlement will strongly influence their subsequent growth and survival (Hjort 1914, 

Cushing 1975, Parrish et al. 1981).  Social interactions among organisms may 

influence rates of growth, survival, or migration and therefore influence spatial 

distributions.   Potential new settlers arrive not to an empty seagrass meadow, but to 

one that is already inhabited by numerous other fish and invertebrate species as well 
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as conspecifics.  The colonization of seagrass by organisms other than small Red 

Drum may vary spatially and/or temporally, so the biotic environment that a larva 

first enters at the time of settlement is not static. If intensity of predation or 

competition varies spatially, an originally uniform distribution of new settlers could 

become patchy after the local density of new settlers is modified by these processes 

(McCormick and Meekan 2007).    

The importance of spatial effect on distribution of small fish in 2004 but not 

2003 may have several explanations.  H. wrightii, which was dominant in 2003, has 

long, fine leaves that split near the base of each shoot.  R. maritima, which has leaves 

that are more extensively branched with more open space between them, was heavily 

interspersed with H. wrightii in 2004.  Faunal responses to seagrass cover vary 

depending on seagrass structure (Giudetti and Bussotti 2002; Hovel et al. 2002; 

Curtis and Vincent 2005).  The seagrass bed in our study area was more uniformly 

vegetated by H. wrightii in 2003 but was a more heterogeneous mixture of primarily 

H. wrightii interspersed with R. maritima in 2004.  If small new settlers were able to 

discriminate between H. wrightii and R. maritima and preferred to settle in one of 

these seagrass types, then they may have moved to microsites within the seagrass 

bed soon after initial settlement.  Although we attempted to sample solely within H. 

wrightii in 2004, the overall greater heterogeneity of the seagrass canopy structure in 

that year may have contributed to greater spatial variability in distribution patterns of 

small new settlers.   



 19 

 Interannual differences in predation, hydrodynamics (Miller et al.1984; 

Boehlert and Mundy 1988; Shaw et al. 1988), prey fields, or migration of large fish 

driven by any of those factors may explain the difference between distributions of 

small newly settled and larger post-settlement larvae. Mark-and-recapture surveys, 

hydrodynamic monitoring, and study of predator fields are needed to confidently 

differentiate mortality from emigration or loss due to other causes.  This study did 

not identify any factors that could definitively explain the observed spatial 

distributions, so further work is needed to understand the causes of variability in 

seagrass habitat utilization by larger post-settlement Red Drum. 

Red Drum larvae clearly utilize a large spatial extent of the seagrass bed area 

that we studied, although the distribution pattern changes over time.  No single area 

supported a consistently high density of either newly settled or post-settlement larvae 

over time.  This suggests that larval movement within the seagrass bed may be 

extensive and connectivity within the habitat is likely important.  Because Red Drum 

are rarely caught over unvegetated substrate, they would probably not actively move 

across large gaps in a seagrass bed.  Therefore, any natural or anthropogenic disaster 

that diminishes or destroys the habitat quality of a single seagrass bed could result in 

failure of that bed to provide recruits to the year class, unless there is sufficient 

connectivity and capability of organisms to move to a more favorable adjacent 

habitat.  This study underscores the importance of maintaining large intact seagrass 

beds to support healthy Red Drum populations along the central Texas coast.  This 

work does not address the issue of how large a seagrass bed must be to support a 
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given number of settled Red Drum larvae, but it does emphasize the temporally 

dynamic patterns of spatial utilization.   
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SUMMARY 

 
This study provides a fine-scale characterization of how Red Drum 

distributions vary spatially and temporally within a large continuous seagrass bed in 

the days and weeks immediately following seagrass recruitment. Distinct temporal 

peaks in density of small larvae that were observed in both years were following by 

high density of large larvae in subsequent weeks and likely represented growth of 

previously recruited larvae.  Spatial distribution patterns of small and large larvae 

differed between the years and was somewhat explained by difference in seagrass 

shoot length. In 2003, large larvae were more abundant at the stations near the 

northern edge of the seagrass bed, while in 2004 there was no spatial trend between 

their distribution and proximity to the tidal inlet.  Because no single station within 

the seagrass bed supported a consistently high density of either small or large larvae, 

recruitment to the seagrass bed appears to be followed by redistribution of larvae on 

a time scale of under 7 days. The findings of this study enhance understanding of 

seagrass nursery habitat by characterizing the extent to which use of this habitat 

varies in time and space.  The entire spatial extent of  the large continuous seagrass 

bed may be important recruitment habitat throughout the weeks following Red Drum 

spawning in order to ensure access of larvae to their optimal nursery conditions. 

Because Red Drum were not found in the same areas from one week to the next, the 

connectivity of the seagrass bed is likely also important so that larvae can move 

freely without crossing unvegetated substrate.  
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Table 1.1: Catch characteristics of both sampling seasons, including mean, 
minimum, and maximum larval density (individuals / m2) and standard 
length (mm), separated by year.  

 

    

Density of 

small fish per 

m2   

Density of 

large fish per 

m2   

Standard 

Length (mm) 

  2003 2004 2003 2004 2003 2004 

Mean length (+/- 

S.D.) 0.307 (0.595) 0.457 (0.677) 0.384 (0.326) 0.531 (0.477) 11.807 (4.203) 11.312 (4.099) 

Maximum 4.25 3.6 1.85 2.3 24.934 24.969 

Minimum 0 0 0 0 4.683 4.446 
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Table 1.2:   Generalized Linear Models (GLM) for effect of station on larval density 
of small and large fish in 2003 and 2004.   
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Fig. 1.1 Map of survey area showing sampling site.  There were 10 sites equally 
spaced at 0.5 km intervals (shoreline distance). For ease of 
interpretation, only sites 1, 5 and 10 are labeled here.
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Fig. 1.2 Histogram of Red Drum standard lengths, separated by year.  Vertical axes 
differ due to greater numbers of larvae collected in 2004 (temporal and 
spatial extent of sampling was expanded in 2004). 
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Fig. 1.3.  Frequency histogram displaying standard length (SL, in mm) of each Red 
Drum individual caught in 2003 and 2004.  All Red Drum caught with 
the beam trawl are included in this figure.  However, only individuals 
25 mm SL or smaller were included in data analysis and other figures 
due to potential gear avoidance. 
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Fig. 1.4. Temporal variability in density of large and small Red Drum.  Bars 
represent mean density on each sampling date, averaged over stations  
+/- S.E.  Sampling was extended in 2004 to better characterize the start 
and end of the settlement season. The extra 2004 dates are shown for 
background information, but were not included in calculations or the 
GLM model. 
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Fig. 1.5. Spatial variability in density of large and small Red Drum.  Bars represent 
mean density at each station averaged over all dates within the year’s 
sampling season.  Error bars are +/- S.E. * 2004 had two additional 
stations (9 and 10 that were not sampled in 2003.  These extra 2004 
stations are shown for background information, but were not included 
in calculations or the GLM model. 
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Chapter 2: Spatial and Temporal Patterns of a Seagrass-associated 
Larval and Juvenile Fish Assemblage 

 

I TRODUCTIO  

 

Many interacting factors contribute to the patterns of community structure 

that are seen in nature.  Identifying these factors is a central aim of field ecology 

(Morrin 1999).  Communities are marked by emergent impacts that result from 

interactions, such that the impact is not a simple sum of the individual effects as they 

would act alone.  An assemblage is composed of organisms that co-occur because the 

environment has the correct common resources or environmental conditions. 

Interaction among organisms is non-existent or low, so emergent impacts are 

negligible.  

Larval fishes may be found together in a nursery habitat as a result of adults 

of different species aggregating to spawn in the same area (d’Elbee et al. 2009), 

although the adult habitats of each species are often found in different locations than 

the spawning and nursery habitats.  Larval assemblages can also form when 

hydrodynamic forces cause aggregation of larvae with limited mobility (Maria et al. 

2009, Shanks and Pfister 2009). The behavior and swimming ability of a larva also 

interact with hydrodynamics to influence the individual’s transport (Leis 2007).  If 

environmental and biotic conditions are favorable enough to support a high carrying 
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capacity, larvae may be defined within an assemblage despite a lack of substantial 

interactions occurring among the species.   

When an individual reaches nursery habitat, its probability of survival there 

depends not only on the abiotic environment, but also on the biological associations 

with other organisms including predators, prey, and competitors.  Newly settling 

individuals may encounter predation and competition from previously settled 

individuals. This struggle for resources and shelter occurs across a wide range of 

species. (Wilbur and Alford 1985, Ostfeld et al.1997, Morrin 1999.)  The purpose of 

this study was to characterize the extent of temporal and spatial variability within the 

assemblage structure of larval and juvenile fishes inhabiting an estuarine seagrass 

bed during the autumn settlement season of Red Drum Sciaenops ocellatus.  

The Aransas Bay is an ideal site for study of larval and juvenile fish 

assemblage structure.  This area features extensive continuous seagrass coverage, 

which allows for an experimental design that tests how similar species composition 

is in different areas of the seagrass.  The coastline of the Texas Coastal Bend region 

is characterized by long barrier islands separated at distances of 10s of kilometers by 

narrow tidal passes that allow exchange of water and organisms between the bays 

and coastal ocean.  The study site’s proximity to a tidal inlet allows exchange of 

water and larvae between the seagrass and the open Gulf of Mexico, so the larval 

assemblage is composed of species that were spawned both within the bay and along 

the coast.   
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The purpose of this study was to characterize the extent of temporal and 

spatial variability within the assemblage structure of larval and juvenile fishes 

inhabiting an estuarine seagrass bed during the autumn settlement season of Red 

Drum Sciaenops ocellatus. The survival of Red Drum larvae in the seagrass nursery 

habitat may be a function of the fish species already present, so an analysis of 

species distribution and potential for interaction is essential to understand post 

settlement processes. This study was designed to elucidate temporal and spatial 

distribution of species collected with Red Drum and to test the effect of the 

assemblage on Red Drum distribution. 
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METHODS 

 

Larval and juvenile fish were collected from a seagrass bed adjacent to the 

south-west side of San Jose Island in the Mission-Aransas Estuary, Texas, USA (Fig. 

2.1).  This seagrass bed is typically dominated by shoal grass Halodule wrightii with 

smaller patches of turtle grass Thalassia testudinum and Ruppia maritima.  

Collections were taken weekly from October 9 to November 20 in 2003. The 

survey area was defined within a nearly continuous seagrass meadow. The starting 

point of the southernmost station was 4 km north of Aransas Pass Inlet and continued 

with stations separated by 0.5 km intervals for a total of 8 stations.  The width 

(distance from shore to outer edge) of the area sampled varied both spatially along 

the extent of the sampling area and temporally as water levels changed with the tidal 

cycle. When the water level was high, tows were collected closer to shore.  

To avoid time of day effects, the order in which the stations were visited on each 

sampling date was randomized.   

Fish were collected using a hand-towed beam trawl with 500 µm mesh.  

Three replicate tows were collected at each site on each sampling date.  The net was 

rinsed and carefully examined to ensure that all captured fish were collected.  Each 

tow was processed for preservation by removing seagrass, drift algae, and 

ctenophores. All captured fish were preserved in 10% formalin.  Samples were 
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checked at 24 and 48 hours after collection to ensure proper preservation, and 

formalin changes were made as needed.  

In the laboratory, all larval and juvenile fish were sorted out of the field-

sorted samples. A dissecting microscope was used to positively identify all larval and 

juvenile fish to species level. The total number of each species in the sample was 

recorded, and the sorted fish were transferred to smaller vials of fresh 10% formalin.  

A dominance curve tested the degree to which the assemblage was dominated by 

common species.  Once the most abundant species were identified, a multiple linear 

regression was run to determine the extent of their collective effect on Red Drum 

distribution.  

Counts of fish collected in the three replicate tows at each site were pooled. 

The counts of individuals representing each identified species were fourth-root 

transformed to prevent the rare species from dominating the data analysis.  Bray-

Curtis similarity was tested between each sample both temporally and spatially.  Two 

separate similarity matrices were created based on the Bray-Curtis coefficient 

between each set of dates or stations.  

Analysis of Similarities (ANOSIM) was used to determine the degree of 

distinctiveness between species assemblages in time and space.  The ANOSIM 

procedure (Clarke and Warwick 2001) is a multi-species analogue to the multivariate 

analysis of variance (MANOVA) model, although it is built upon a complicated 

algorithm rather than a generalized linear model.  This test was done as a 2-way 

crossed case with date and station as factors.  For each pairing of stations and dates, 
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the ANOSIM model yields a significance level and a pairwise R value.  The 

significance level is the less important of the two products of this test, as it is 

typically low due to a small number of replicates in each pair.  However, the pairwise 

R value indicates how well separated the two members of the pair are (i.e., 2 dates or 

2 station compared).  The possible range of values for the pairwise R range from 0 

(indistinguishable) to 1 (all similarities within groups are less than any similarities 

between groups).  

Both cluster analysis and non-parametric multidimensional scaling (MDS) 

plots were created to illustrate how assemblage structure changes temporally and 

spatially. Both the cluster analysis and MDS use as input the same similarity 

matrices for date and station.  The cluster analysis was based on hierarchical 

agglomerative fusing of samples together in a dendrogram, starting with the two 

dates (or stations) that shared the highest species similarity.  Then the next date or 

station with the highest similarity is fused to this node, and so on until the last added 

is the most dissimilar to the others which are already fused onto the dendrogram.  

The level of Bray-Curtis similarity shared by each branch of the dendrogram is 

displayed so the degree of similarity between any group of samples can be seen.  The 

dendrogram can be rotated on any of its nodes, so the ordering of samples on the x 

axis should not be interpreted as unique. Samples can be re-ordered as long as the 

fusion of the branches is not changed.    

An MDS plot displays the stations or dates as points on a two-dimensional 

space where the distance between any two points is proportional to ranked similarity 
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based on the Bray-Curtis coefficient.  Samples that are very different and have low 

similarity with others will be widely separated on the plot, while samples that are 

most similar in composition will be close to each other.  The MDS provides an 

immediate visual representation of species similarity. MDS plots were created for 

both date and station.  The input for the date MDS was the samples taken at all 

stations for each date.  Likewise, the input for the station MDS was the samples 

taken at each station over all sampling dates.  

The BIO-ENV procedure (Clarke and Warwick 2001) was used to determine 

the degree to which the abiotic conditions explain the assemblage structure patterns. 

BIO-ENV requires two similarity matrices for input.  The first is the species 

assemblage similarity matrix between samples based on the Bray-Curtis coefficient.  

The second is a matrix of abiotic variables based on Euclidean distance between 

samples.  Spearman rank correlation between these two matrices (species and 

abiotic) is then done to identify an environmental factor or suite of factors that best 

explains the species assemblage pattern.  All multivariate species similarity analyses 

were done with PRIMER software (Clarke and Warwick 2001).  
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RESULTS 

 

18,731 individual larval and juvenile fishes representing 32 species were 

caught over the sampling period (Table 2.1).   Of this total catch, 17 larvae were in 

poor condition due to handling damage and could not be identified.  Darter goby 

(Gobionellus boleosoma), gulf pipefish (Syngnathus scovelli), and Red Drum 

(Sciaenops ocellatus) were most abundant.  The seven most abundant species 

represented 92% of the catch (Fig. 2.2). Multiple linear regression indicates that the 

collective presence of these seven species did not have a significant effect on Red 

Drum abundance (R2 = 0.165, p-value 0.16). There was also no significant 

correlation between Red Drum abundance and overall fish species diversity at a site.  

Based on the temporal and spatial ANOSIM model results, there were 

significant differences in assemblage structure over the course of the sampling time 

period (Fig 2.3) and across the spatial extent of the seagrass bed (Fig. 2.4).  Sites that 

were spatially adjacent and temporally consecutive had the most similar assemblage 

structure, as demonstrated by a low universal R value for comparisons made between 

these sites.  The R value produced by ANOSIM reveals the extent to which two 

compared assemblages are distinct in structure based on Bray-Curtis similarity.  The 

higher the universal R value, the better separated the samples are.  This metric is 

analogous but not identical to the R value produced in univariate ANOVA (Clarke 

and Warwick 2001).     
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 Cluster analysis indicates a temporal shift in species similarity among 

samples between Oct. 23 and Oct. 30 (Fig. 2.5).  The largest spatial shift in species 

similarity occurred between station 5 and 6 (Fig 2.6).  These patterns are reiterated 

by the orthogonal ANOSIM comparisons, which indicate higher universal R values 

(and therefore greater separation based on species similarity matrices) for the more 

temporally (Fig. 2.2) and spatially (Fig. 2.3) distant samples.   The MDS plots (Fig. 

2.7, 2.8) indicate serial autocorrelation between samples that were taken at adjacent 

stations and consecutive dates, as the samples collected near each other in time and 

space are closest on the plots.    

According to the BIOENV procedure results (Fig. 2.9), variability in leaf 

length explained 25% of species assemblage structure. No other single 

environmental variable or combination of variables significantly increased the 

predictability of assemblage structure.  
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DISCUSSIO  

 

The largest amount of dissimilarity occurred between sites at opposite ends of 

the sampling region separated by 3.5 Km.  There are no extreme environmental 

differences within this relatively homogenous seagrass bed, so the underlying reason 

for the shift in assemblage structure is not immediately apparent.  Cluster analysis 

(Fig. 2.6) identified the lowest level of similarity between the cluster of stations 1 

through 5 and the cluster of stations 6 through 8.  Geographically (Fig. 2.1), station 5 

is near a corner of the seagrass bed where the orientation of the seagrass bed shifts to 

align along an east-west axis, whereas the far ends of the seagrass bed are arranged 

in a more north-south orientation.  If the orientation of the seagrass bed relative to 

the open waters of the estuary affects the transport of larvae, the unique 

hydrodynamics in this area could create a boundary that plays a role in determining 

whether larvae will settle to the north or south of this area.   The most abundant 

species collected, darter goby G. boleosoma, was much more abundant in the 

southern stations (1 – 5) than in the northern ones (6 – 8).  The strong spatial pattern 

for this most abundant species was the main cause of the division between the 

southern and northern stations based on species similarity.   It is to be expected that 

sites which are near each other would have more similar species assemblages (serial 

auto-correlation), as the sampling was done across a spatial gradient rather than at 

discrete sites widely separated by obvious barriers to dispersal.   
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Assemblage structure is affected not only by the collective environmental 

conditions (Sogard et al. 1989, Rodriguez and Lewis 1997), but also by spawning 

patterns of adults and behavior of larvae (Legendre et al. 1997, Grossman et al. 1998, 

Ritter 2009).  With the exception of Red Drum, the most abundant species collected 

in this study are typically estuarine residents.  Darter goby G. boleosoma, Gulf 

pipefish S. scovelli, and code goby G. robustum are most commonly found in bays, 

where they complete the life cycle (Hoese and Moore 1998).  Because this 

assemblage is dominated by estuarine resident species (with the notable exception of 

Red Drum S. ocellatus), its structure is not highly dependent on transport of larvae 

into the estuary from coastal waters.  The proximity of spawning adults to nursery 

habitat likely dampened the overall effects of factors that would cause a more 

pronounced impact on an assemblage dominated by species spawned outside the 

estuary that require favorable transport conditions.  Compared to temperature areas, 

the seasonal fluctuations in zooplankton productivity are dampened in subtropical 

estuaries (Buskey 1993).  This greater consistency in food supply throughout the 

year likely also contributes to stability of the fish assemblage.  

Recruitment variability of each species is determined by multiple interacting 

factors that affect dispersal and settlement. In order to settle successfully, a potential 

recruit needs food, a transport mechanism, favorable abiotic conditions, means to 

avoid predation, and access to nursery habitat.  Patterns of larval fish transport in the 

settlement area contribute to assemblage structure by bringing competent settlers in 

contact with favorable habitat (Cowen et al. 1993). A force that enhances recruitment 
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of one species may decrease recruitment of another (Martinho et al. 2009).  

Conversely, factors such as wind direction, tidal regime, and dissolved oxygen level 

are typically directional; an optimal range of values support settlement over a range 

of species by enhancing survival, transport and/or retention within the nursery area.  

The largest temporal change to the assemblage occurred in mid-October (Fig. 

2.5, 2.7).  This pattern was driven by seasonal Red Drum settlement, and also by the 

temporal fluctuation in abundance of darter goby G. boleosoma.   Red Drum 

settlement peaked in mid-October (Chapter 1).  Darter goby abundance was highest 

at the beginning and end of the sampling period, but low in the middle. Because 

these two species exhibited a strong temporal pattern in settlement and together 

comprised 54.95% of the overall assemblage, their presence in the analyses had a 

major impact in determining the temporal species similarity among samples.    

A major goal of community analysis is to understand why species are found 

at certain times and places in order to develop predictive models (Carassou et al. 

2008, Meador and Carlisle 2009).   Environmental factors influence where species 

are found, as each species has a unique range and optimum set of conditions.  Larvae 

may have preferences for a particular range of salinity (Arceo-Carranza and Vega-

Cendejas 2009, Love et al. 2009; Maci and Basset 2009), substrate type (Meador and 

Carlisle 2009), temperature (Batty 1994) or depth (Hendricks et al. 2001, Zhuang et 

al. 2002).  If larvae are capable of moving to their preferred habitat, then these 

preferences could influence the assemblage structure.   
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In addition to abiotic influences, the interactions of larvae with the biota in 

their nursery habitat can affect survival and settlement patterns.  Larval foraging 

behavior can interact with hydrodynamics to influence dispersal patterns (Woodson 

and McManus 2007). Species that are functionally similar in terms of diet or habitat 

requirements are frequently temporally or spatially separated in the assemblage 

(Rooker et al. 1998, Soto et al 1998, Maci and Basset 2009). Pressure to avoid 

competition may be alleviated by distinct timing or location of adult spawning, as 

well as by habitat preference of settling larvae.  Presence of individuals of a given 

species at different stages of development caught concurrently or in close temporal 

proximity suggests a mechanism of retention (Borges et al 2009).  Although this 

study did not involve length measurements of individual fishes, there was a 

substantial range of body sizes for many of the species.   

The most similar sites were near each other in space and time (Fig. 2.3, 2.4), 

a pattern known as serial autocorrelation. Assemblage samples that were collected on 

consecutive dates and at adjacent sites shared high levels of similarity. Species have 

different spawning and settlement periods, so newly settling larvae will arrive at the 

habitat after others have already settled.  Juveniles that have been in the habitat and 

grown may eventually move to deeper water or different habitat that is more suited to 

their larger body size and increased survival skills.  The factors driving spatial 

variability in species assemblage structure are not as clear as the temporal aspect.  

There may be large schools or gatherings of some species that have high site 

fidelity/territoriality such as gobies (Almany 1999). These abundant residents can 
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strongly influence assemblage patterns, particularly if they are intense competitors or 

predators on newly settling larvae.  The code goby Gobiosoma robustum shows a 

strong preference for seagrass habitat and is known to displace another goby species 

through competition and aggressive behavior (Schofield 2003).  Code gobies 

accounted for 11.41% of the total catch in this survey.  If this species directs 

aggression towards individuals of other species that have already settled or are in the 

process of settling, the code goby could re-structure that assemblage by claiming the 

most favorable settlement sites even if they are already inhabited by a less 

competitive individual.  No published studies exist concerning the competitive 

abilities of the most abundant species in this study, darter goby Gobionellus 

boleosoma, which strongly dominated the assemblage at 42.45% of the total catch. 

Darter gobies feed by ingesting bites of sediment to obtain epibenthic and infaunal 

harpacticoid copepods (Gregg and Fleeger 1997). If the darter goby shares the 

aggressive nature of the code goby, their presence could interfere with foraging and 

settlement of other seagrass-dependent species.  

In some cases, apparently identical habitat can support distinct fish 

assemblages whose structure is correlated to combinations of habitat variables (Syms 

and Jones 2004).  Variability in leaf length among samples explained 25% of the 

distinctiveness of assemblages. Addition of further environmental factors in the BIO-

ENV model did not identify a useful suite of factors that would allow prediction of 

assemblage structure.  Mean leaf length increased dramatically between stations 5 

and 6, from 171.2 to 209.5 mm.  Since the largest change in species assemblage also 
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occurred between stations 5 and 6, the identification by BIO-ENV of leaf length as 

the most important environmental factor behind assemblage structure is supported 

the high correlation between the species and abiotic matrices for stations 5 and 6.  

 Overall, larval assemblage structure had little predictive power on where and 

when Red Drum were caught.  The timing of high Red Drum abundance is much 

better understood than the spatial variability in Red Drum abundance across the 

extent of the seagrass bed.  According to particle transport modeling, temporal peaks 

in abundance of small postsettlement Red Drum densities peaks are correlated to the 

larval supply pool coming into the bay through the tidal inlet (Brown et al. 2004, 

Brown et al. 2008).  Spatial distribution of Red Drum may be determined more by 

predation from larger organisms that were not caught by the sampling protocol of 

this study. This possibility is experimentally tested in the studies outlined in chapters 

three and four.  

A wide variety of larval and juvenile fish species were found in the study 

area. Assemblage similarity was highest for samples collected at adjacent dates and 

times, indicating a spatial gradient in habitat use among different species. The 

temporal component indicates that the composition of the assemblage changes over 

time.  This is likely due to temporal partitioning of spawning and settlement, as well 

as individuals of some species growing larger than a size efficiently caught by our 

gear.  
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SUMMARY 

 
The seagrass nursery habitat utilized by Red Drum larvae after they settle out 

of the plankton is also inhabited by early life stages of many other fish species.   Red 

Drum distribution was not significantly correlated with species diversity or affected 

by distribution of the dominant species.   The high similarity between assemblage 

structure of samples collected at adjacent times and stations reveals both temporal 

and spatial gradients in assemblage structure. Thus Red Drum that arrive early and 

late in the season encounter significantly different assemblages, as do those that 

inhabit the northern and southern ranges of the seagrass bed.  This suggests that 

larval Red Drum are robust in their interactions with other species of larvae, and the 

quality of their nursery habitat is not significantly diminished by the resident 

assemblage.    

Table 2.1.  Species 
caugh
t in 
fall 
2003 
seagra
ss in 
Missi
on-
Arans
as 
Estuar
y.Com

mon Scientific name Family 

Number 

Caught 

% of Total 

Catch 
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name 

darter goby Gobionellus boleosoma Gobiidae 7945 42.45 

Gulf pipefish Syngnathus scovelli Syngnathidae 2898 15.49 

red drum Sciaenops ocellatus Sciaenidae 2340 12.50 

code goby Gobiosoma robustum Gobiidae 2136 11.41 

bay anchovy Anchoa mitchilli Engraulidae 778 4.16 

spotfin mojarra Eucinostomus argenteus Gerreidae 655 3.50 

Texas pipefish Syngnathus affinis Syngnathidae 562 3.00 

tidewater silverside Menidia beryllina Atherinidae 526 2.81 

spotted seatrout Cynoscion nebulosus Sciaenidae 240 1.28 

pinfish Lagodon rhomboides Sparidae 168 0.90 

sheepshead minnow Cyprinodon variegatus Cyprinodontidae 98 0.52 

chain pipefish Syngnathus louisianae Syngnathidae 87 0.46 

naked goby Gobiosoma bosc Gobiidae 80 0.43 

Gulf menhaden Brevoortia patronus Clupeidae 56 0.30 

blackcheek tonguefish Symphurus plagiusa Cynoglossidae 32 0.17 

dwarf seahorse Hippocampus zosterae Syngnathidae 30 0.16 

Atlantic croaker Micropogonias undulatus Sciaenidae 20 0.11 

frillfin goby Bathygobius soporator Gobiidae 13 0.07 

least puffer Sphoeroides parvus Tetraodontidae 10 0.05 

lane snapper Lutjanus synagris Lutjanidae 9 0.05 

shrimp eel Ophichthus gomesi Ophichthidae 7 0.04 

clown goby Microgobius gulosus Gobiidae 4 0.02 

sailfin molly Poecilia latipinna Poeciliidae 4 0.02 

silver perch Bairdiella chrysoura Sciaenidae 4 0.02 

bighead searobin Prionotus tribulus Triglidae 2 0.01 

molly miller blenny Scartella cristata Blenniidae 2 0.01 

rainwater killifish Lucania parva Fundulidae 2 0.01 

bay whiff Citharichthys spilopterus Bothidae 2 0.01 

crested blenny Hypleurochilus geminatus Blenniidae 1 0.01 

green goby Microgobius thalassinus Gobiidae 1 0.01 

southern flounder Paralichthys lethostigma Bothidae 1 0.01 

gray snapper Lutjanus griseus Lutjanidae 1 0.01 

     

Total   18714 100.00 
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Fig. 2.1 Map of the seagrass sampling site in Mission-Aransas Estuary. There were 8 
sites equally spaced at 0.5 km intervals (shoreline distance). For ease of 
interpretation, only sites 1, 4 and 8 are labeled here. 

Aransas Pass tidal 

Mission-Aransas 

Lydia Ann 

Channel 

 

Station 4 

Station 8 

Station 1 
Gulf of Mexico 

 
seagrass 
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Fig 2.2. Species dominance curve. The seven most abundant species accounted for 
92% of the catch 
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Oct 30-Oct 6-Nov 

12-
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20-
Nov 

9-Oct   0.406 0.643 0.839 0.793 0.863 0.903 
16-Oct    0.634 0.819 0.855 0.824 0.796 
23-Oct     0.667 0.495 0.611 0.731 
30-Oct      0.511 0.653 0.648 
6-Nov       0.263 0.662 

12-Nov        0.62 
20-Nov         

        
0: 
indistinguishable        
0 - 0.25: barely separable       
0.25 - 0.5    plain text    
> 0.5: overlapping but clearly 
different  italics    
0.5 - 0.75    underline    

> 0.75: well separated   bold    
 

 

Fig 2.3  Analysis of Similarity (ANOSIM) by sampling date (top and left axes) 
shows significant differences in assemblage structure (based on Bray-
Curtis index) between samples that were collected farthest apart in time. 
All date comparisons had a significance level below 5%.  
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 1 2 3 4 5 6 7 8 

1  0.354 0.411 0.367 0.747 0.894 0.921 0.775 
2   (0.243) 0.423 0.587 0.847 0.844 0.772 
3    (0.085). 0.481 0.725 0.689 0.651 
4     0.471 0.534 0.547 0.519 
5      0.825 0.836 0.64 
6       0.436 0.556 
7        0.661 
8         

         
0: indistinguishable       
0 - 0.25: barely separable      
0.25 - 0.5   plain text    
> 0.5: overlapping but clearly 
different italics     
0.5 - 0.75   underline    
> 0.75: well separated bold     

 

 

Fig 2.4. Analysis of Similarity (ANOSIM) by station (top and left axes) shows 
significant differences in assemblage structure (based on Bray-Curtis 
index) for stations that were most distant.  Values in parenthesis 
(stations 2,3 and 3,4) indicate station pairs between which species 
similarity is indistinguishable, based on a significance level higher than 
5%.  All other station pairs had a significance level lower than 5%.
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Fig. 2.5. Cluster analysis of sample species similarity by date. The assemblage at 
each date (averaged over stations) is fused to its most similar 
assemblage, based on Bray-Curtis similarity.  
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Fig. 2.6. Cluster analysis of sample species similarity by station. The assemblage at 
each station (averaged over sampling dates) is fused to its most similar 
assemblage, based on Bray-Curtis similarity. 
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Fig 2.7 Multidimensional Scaling (MDS) plot of samples (all stations) by date. 
Distance between samples is based on ranked similarity (Bray-Curtis 
coefficient) rather than absolute similarity value.  
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Fig 2.8 Multidimensional Scaling (MDS) plot of samples (all dates) by station.  
Distance between samples is based on ranked similarity (Bray-Curtis 
coefficient) rather than absolute similarity value. 
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Fig. 2.9 Results of BIOENV procedure testing which environmental variable or 
combination of variables best explained the biotic similarity matrix.  
Leaf length (5) had the highest correlation and adding additional 
variables did not improve the model’s predictive power.  No. Vars = 
number of variables used in the model; Corr. = correlation coefficient; 
numbers under Var. Tested refer to the variables shown to left of box. 

No. Vars      Corr.    Var. Tested 
       1     0.257  5 
       2     0.248  5,8 
       3     0.230  1,5,8 
       3     0.218  2,5,8 
       4     0.217  1,2,5,8 
       3     0.212  5,6,8 
       4     0.207  1,5,6,8 
       2     0.202 1,5 
       5     0.201  1,2,5,6,8 
       3     0.201  5,7,8 

Variables tested: 
  1 Temperature 
  2 Salinity 
  3 Depth 
  4 Dissolved Oxygen 
  5 Leaf Length 
  6 Shoots Per Core 
  7 Leaf Count 
  8 AGLV 
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Chapter 3: The role of seagrass structure and conspecific density on 
mediating the intensity of intraspecific predation in an estuarine-

dependent fish 

 

I TRODUCTIO  

 

 Predation is a major cause of death in larval fish (Houde 1987, Walters and 

Juanes 1993, Steele and Forrester 2002, Doherty et al. 2004) but relatively little 

research has been done on cannibalism or on intraspecific predation relative to 

interspecific predation.  Cannibalism is extremely common among many groups of 

organisms (Fox 1975, Polis 1981) and is frequently observed in aquaculture when 

young fish are reared in densely stocked tanks. However, observation of cannibalistic 

behavior in a species under hatchery conditions cannot automatically be extrapolated 

to predict cannibalism in the field.   

 Priority effects occur when individuals arriving to a habitat later than others 

have reduced access to resources due to the prior residency of other individuals, or 

when the previously settled fish prey upon new settlers. The effect may be between 

heterospecifics (individuals of different species) or conspecifics (individuals of the 

same species).  In either case, the new settlers may experience predation or 

cannibalism if they are sufficiently smaller and less developed than the previously 

settled fish.  Density dependence due to intercohort competition has been 
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demonstrated for settling larvae of many reef fish species (Webster 2004), but is less 

clear for species that settle in seagrass. Cannibalism may only occur with substantial 

frequency during years of exceptionally high settlement when density dependence 

regulates population size at the settlement stage.   A study was designed to identify 

factors that affect cannibalism in young Red Drum tested in a laboratory setting and 

to determine whether cannibalism occurs among realistic densities of Red Drum 

under field conditions.  

Red Drum is an ideal model organism for studying intraspecific interaction 

and the role of structural complexity in mediating those interactions.  This species 

utilizes distinct habitats throughout ontogeny, with estuarine nursery habitat being 

critical to larval survival.  Adults spawn kilometers to 10s of kilometers from where 

larvae settle and spend their early life.  This spatial separation may allow de-coupling 

of cannibalism during the early life stage from production and supply of larvae to the 

seagrass nursery. The strongest cause of cannibalism in Red Drum culture is size 

disparity rather than high density or feed availability (Fuiman 1994).   By 

understanding how Red Drum cannibalism is affected by density of potentially 

cannibalistic larger conspecifics and habitat structural complexity in the lab, we can 

gain insight into implications for rearing and stocking early life stages as well as a 

better understanding of the differences and similarities between the ways that wild 

and hatchery fish utilize essential habitat.   

Red Drum larvae settle to a variety of structured habitat types, including 

seagrass, oyster reef, and marsh grass and are rarely caught in unvegetated areas 
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(Holt 1983, Rooker et al. 1998, Stunz et al. 2002). Seagrass beds in the study area, 

the Mission-Aransas Estuary are generally in good condition with sufficient light 

transmittance to support growth (Kowalski et al. 2009).  But seagrass beds face 

challenges from the rapidly growing human population in coastal areas, accompanied 

by increased boat traffic and freshwater demands.  Long-term changes in salinity 

(Quammen and Onuf 1993) could threaten the future health of south Texas seagrass 

beds.   

Seagrass  beds in many parts of the world are in serious decline (Wyllie-

Echeverria 2002, Guidetti et al 2004) so there is a universal need to understand the 

interactions between larval fishes and healthy seagrass beds in order to truly 

understand what is at risk of being lost.  If previously vegetated habitats suffer 

extensive seagrass loss, there may be no other favorable structured habitat in the area 

that is accessible to larvae that are ready to settle.  For larvae of species that depend 

upon complex habitat to avoid predation, seagrass loss could have disastrous 

population-level effects by significantly raising the mortality-mediated predation rate 

on newly settled larvae. If areas of declining seagrass are not surveyed prior to the 

habitat loss process, it will be difficult to quantitatively assess how much of a 

contribution to the population could be lost along with the habitat. To provide a basis 

to compare the role of shelter in cannibalism and predation on larvae, this study 

included bare substrate (“no shelter”) treatments in both the mesocosm and field 

experiments. The bare treatments also offer a starting point to make predictions 
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about possible survival outcomes for fish in areas where no seagrass or other 

structured shelter is available at the time of settlement.   

Artificial seagrass units (ASUs) are commonly used to study settlement 

(Kenyon et al. 1999, Upston and Booth 2003), effects of seagrass structure (Sirota 

and Hovel 2006), fragmentation (Johnson and Heck 2006, Warry et al. 2009), and 

other ecological issues.  ASUs offer a number of benefits including standardization 

of seagrass structure, size, and placement. Whereas natural seagrass may be 

colonized by epiphytes and support higher benthic biomass, the use of ASUs allows 

separation of the trophic and structural roles of seagrass.  This research explores the 

outcomes of interactions among differently sized Red Drum using ASUs and field 

conditions, but also provides a theoretical background for the multi-species predation 

studies that are addressed in the following chapter.   

The goals of this study were to: 1) identify whether there is potential for 

cannibalism at a range of realistic body sizes and field densities among previously 

settled and newly settling Red Drum, and 2) determine whether presence and 

complexity of artificial structure (lab) and natural seagrass (field) affect survival of 

wild and hatchery reared small Red Drum when there is potential for cannibalism.  
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METHODS 

 

The study was divided into four experiments that were undertaken to test 

assumptions about large fish density and structure on new settlers (small larvae).  

First, Red Drum of various size classes were put together in laboratory mesocosm 

tanks to identify the size differences at which small fish are most vulnerable to 

predation, and size difference between large and small conspecifics needed to initiate 

cannibalism (Exp3.1).  Based on these results, an experiment (Exp3.2) was done in 

the same tanks to determine the effects of artificial habitat structural complexity and 

density of larger conspecifics on survival of small larvae.  This experiment compared 

simple, complex, and unstructured habitat. After establishing the potential for 

cannibalism in the laboratory, a field experiment was done to test the effects of 

natural seagrass structure and density of hatchery reared large Red Drum on small 

hatchery reared Red Drum (Exp3.3).  Finally, cannibalism on wild caught small Red 

Drum was tested in dense seagrass and bare substrate (Expt. 3.4) 

 

Rearing of larvae for laboratory experiments 

Adult Red Drum brood stock were induced to spawn by manipulation of 

photoperiod and temperature (Arnold 1988).  Eggs were collected the morning after 

spawning and treated with 0.1% formalin for 30 minutes to reduce risk of disease.  

Eggs were rinsed with seawater and set at density of 10 eggs L
-1

 in 400 L round 
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fiberglass tanks held in a temperature-controlled (27 C) indoor hatchery with a 

photoperiod of 12 hr light: 12 hr dark.  Hatch rates were determined by setting 20 

eggs in each of 3 replicate 1 L flasks.  Only spawns with hatch rate at or exceeding 

90% were reared for experimental use.  In-tank standpipe filters were used beginning 

on 7 dph and tanks were switched to recirculation through an external filter box at 11 

dph.  Salinity during rearing ranged from 33.0 to 34.3 ppt.   

 Rotifers enriched with Isochrysis galbana (UTEX LB 2307) were provided at 

a density of 3 m
-2

 beginning on the third day post hatch (dph) and increased to 5 

individuals m
-2

 by 5 dph.  Artemia enriched with Algamac 3050 were introduced at 

3/ml on 10 dph and became the sole live feed at 11 dph.  A dry diet of Otohime 

Larval Feed (Reed Mariculture, Campbell, CA, USA ) was introduced 

simultaneously with Artemia on day 10.  Uneaten dry feed was siphoned from the 

bottom of each tank daily. Both Artemia and dry feed were fed throughout rearing 

and experiments.    

 

Expts 3.1a-d: Intraspecific predation in absence of shelter in laboratory 

 Intraspecific predation experiments were conducted in a re-circulating system 

of 12 identical 1 m diameter round tanks with a surface area of 0.785 m
2
.  They were 

filled to a depth of 0.6 m, a realistic depth at which Red Drum are found in seagrass 

beds.  The tanks were located in a greenhouse under natural light conditions for early 

spring (Feb. 6 to March 3).   Water temperature was maintained between 23 to 26 

degrees by a closed-loop heating system with electronic thermostat control.  
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Four experimental treatments were employed to determine how large Red 

Drum density, body lengths of both size classes, and exposure time affect survival of 

small Red Drum.   Each of the 4 treatments tested different combinations of sizes of 

small and large Red Drum, and 2 time periods (48 hr for the first 2 experiments, 96 

hr for the last 2 experiments) were tested.  Four size combinations of small and large 

Red Drum were used: a) 4.3 and 10.0 mm SL, b) 7.2 and 9.2 mm SL, c) 11.2 and 

13.9 mm SL, d) 5.0 and 16.1 mm SL.  Each of these groupings was replicated 3 

times in randomly assigned tanks and run at 4 levels of the large Red Drum densities: 

0/m
2
 (no fish), 1.3/m

2
 (1 fish), 5.1/m

2
 (4 fish) and 230/m

2
 (180 fish).  Each trial 

began with 6 individuals of the smaller Red Drum size class. The first three densities 

of large Red Drum larvae (0/m
2
, 1.3/m

2
, and 5.1/m

2
) are representative of those 

ranges that have been collected in the field. The highest density used in this study 

(230/m
2
) was determined as an extreme high value based on extrapolation of an 

average of 11.5 fish/m
2
 in a 20 meter tow (Rooker 1999). This calculation (by Fencil 

M) assumed that all of the fish were concentrated in one meter of that tow rather than 

evenly distributed along 20 meters.  This assumption is indeed extreme and 

exceptionally unlikely to be observed in the field, even more so because most of the 

larvae captured in Rooker’s tow that yielded an average of 11.5 fish/m
2
 (upon which 

the present extrapolation was based) were smaller than 10 mm SL. This 

exceptionally high density was tested because this was the first set of experiment and 

at the time the experiment was designed, survival outcomes among different size 

pairs of Red Drum had not yet been tested.  The prevalence of cannibalism that later 
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became apparent among larvae of sufficiently great size difference was also not yet 

apparent.   With the expectation that most small larvae would survive lengthy 

exposure to large conspecifics so the small larvae could be retrieved and tested for 

physical condition, the extreme high value of 230 large fish/m
2
 was chosen in case 

the lower densities tested were insufficient to affect condition of small fish.  When 

the experiments were completed and the prevalence of a lethal effect (cannibalism) 

became evident, the focus on the sub-lethal effect (physical condition) was dropped, 

and along with it the extreme density of 230 large fish / m
2
.  

Prior to the start of each trial, large and small Red Drum were acclimated in 

small mesh-sided cages (with the two size classes held separately) in the 

experimental tanks for 2 hours.  When each trial began, large fish were released from 

cages 1 hour prior to release of small fish. This was an attempt to match the 

predicted experience of small “settlers” in the field arriving to a seagrass bed that 

already contained larger previously settled conspecifics.  Experiments were started at 

10:00 to 11:00 a.m. to ensure consistent light regime throughout the experimental 

period.  Throughout the experiments, fish were fed to satiation with dry feed 3 times 

daily and provided with Artemia (48 hr posthatch) at 2 ml
-1

 to simulate availability of 

alternate food sources in the field. Tanks were siphoned daily to remove excess feed; 

the water was siphoned into a bucket and examined before disposal to ensure that no 

fish were accidentally siphoned.  At the end of each prescribed treatment exposure, 

water level was dropped to approximately 30 cm, which facilitated capture of 

surviving fish.  A mesh covering on the drains in each tank prevented loss of fish 
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during recovery.  Fish were captured with 2 mesh nets and each tank was carefully 

checked with a flashlight to guarantee that all fish present at the end of the 

experiment were collected.  Previous tests of fish caught after 4 hours confirmed the 

efficiency of this method of capture, so any difference in starting and ending 

numbers of fish were therefore attributable to mortality rather than gear avoidance.  

Because some of the trials tested small and large Red Drum larvae that were 

close in body size (“b” with small 7.2 and large 9.2 mm SL; “c” with small 11.2 and 

large 13.9 mm SL), the determination of whether each fish re-captured at the end of 

the experiment was a large or small Red Drum was made based on an assumption 

that all large Red Drum would survive because cannibalism was directed from large 

fish to small fish, not among large fish.  Therefore, the fish of largest size remaining 

at the end of the experiment were/was assigned to the category of ‘large’ larvae.   

For analysis of each of the four separate groupings of small and large Red 

Drum size classes, residuals were examined and met ANOVA assumptions for 

normality. Four one-way ANOVAs were run with large fish density as the factor and 

percent of small fish surviving as the dependent variable. Tukey’s HSD tests were 

done to determine which treatments differed significantly. The results from this 

experiment were used to set up the remaining experiments in terms of relative sizes 

of large and small fish and experimental duration. 

 

Exp3.2: Intraspecific predation at different levels of structural complexity in 

laboratory 
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 Larval rearing, tank setup and dimensions, feeding, acclimation period, and 

fish retrieval were the same as described above.  Survival of 6 small (5-6 mm) Red 

Drum was tested in each treatment.  Large Red Drum used in the experiment were 

12-13 mm.  The design was orthogonal with structural complexity and large fish 

density as factors.  At each of 3 levels of structural complexity (bare, simple, 

complex), 4 large fish densities (0, 1, 4, or 10 fish per tank) were tested to determine 

whether large fish density alone, structural complexity alone, and/or an interaction 

between those 2 factors affects small fish survival.  The extreme upper value of 180 

per tank was not tested because the previous experiment indicated no difference in 

survival of small fish for the 4 and 180 large fish per tank treatments.  Each of the 12 

treatments was replicated 4 times, providing a total of 48 trials.  All treatments were 

run for 48 hours.  Each fish was used for only one trial. 

The “bare” level of the structural complexity factor was a tank with no 

additional structure.  The “simple” level consisted of 2 inverted plastic baskets 

attached to rectangular plastic grids and placed at the bottom of the tank.  The 

“complex” level consisted of the “simple” setup with addition of strips of neutrally 

buoyant green flagging tape tied to the plastic grid base at a density of 1-inch 

intervals. The complex artificial structures were positioned in each tank prior to 

introduction of fish to avoid disturbance.  Fish were observed swimming freely 

through and around the structures, so their movement was not inhibited by placement 

of the artificial shelters.  A two-way ANOVA (factors: structural complexity, large 
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fish density) was run. Tukey’s HSD test showed which treatments significantly in 

survival of small Red Drum.  

 

Exp3.3: Hatchery fish in field cages with natural seagrass 

 Both ‘large’ (12 – 13 mm SL) and ‘small’ (5- 6 mm SL) fish were hatched 

and reared in the laboratory by methods described above. The experiment was done 

in cages that were placed in a continuous seagrass bed in the Mission-Aransas 

Estuary near Port Aransas, Texas, USA in fall 2006 (Fig. 3.1).  Each cage was built 

from a PVC frame wrapped in screening mesh that was small enough to exclude fish 

larvae. The cage bottom area was1 m
2
 and allowed full access to natural Halodule 

wrightii (shoal grass) seagrass or mud bottom.  There were three treatments of large 

Red Drum density: 0, 1 or 5 fish per m
2
.  All treatments began with the same density 

of small Red Drum, 8 fish per m
2
.  Three seagrass structures were tested: dense (full 

seagrass coverage), bare (sandy, muddy substrate with no vegetation), and edge (cage 

was half on dense, half on bare substrate). The three large Red Drum treatments were 

crossed with three patterns of seagrass structure, resulting in an orthogonal 

experimental design with three replicates of each treatment and a total of 27 trials.  

The entire experiment was run twice.  The first experiment ran for four hours and the 

second ran for 24 hours.  The four-hour experiments began in mid-morning and 

ended in early afternoon.  The 24-hour experiments began in mid-morning and were 

taken down at the same time the following day.   
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The hatchery-reared fish were caught from their rearing tanks, put in bags of 

oxygenated water in the lab, moved to the field cages and allowed to acclimate for 

50 minutes in plastic bags.  Before fish were added, each tank was swept three times 

with a large dip net to remove any wild fish or large invertebrates.  Large fish were 

released one hour before small fish.  Any fish that died or behaved abnormally before 

release were replaced with live fish that were acclimated in same way.  After four 

hours, fish were retrieved with large dip net and counted.  A cage was considered 

thoroughly sampled after three successive net sweeps with no fish.  The ability of 

this recovery method to re-capture all surviving fish was tested in a pilot study 

before the experiment, in which groups of five Red Drum of the small size class 

were placed in field cages and retrieved after 30 minutes by the same method that 

was then used for the fish which were exposed to experimental conditions for 24 

hours.  Because all fish were re-captured in the pilot study, any loss of fish at the 

time of retrieval can confidently be attributed to mortality rather than gear avoidance.  
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Exp 3.4 Wild fish in field with natural seagrass  

 The final experiment tested the effect of dense seagrass and bare substrate on 

ability of wild small Red Drum to avoid cannibalism by a larger hatchery reared 

conspecific.  The smallest Red Drum that could be obtained in the field at the 

quantities needed to complete the experiment were 7 to 8 mm SL, which is larger 

than the hatchery fish that were used as ‘small’ Red Drum in the previous 

experiments. Very few large Red Drum were not available in the field at the same 

time, so hatchery fish (15 – 16 mm SL) were used for the large conspecifics.   

Because the focus of the experiment was to determine mortality effects on small new 

settling Red Drum, wild Red Drum were used for the small size class.  The 

experiment tested four small wild Red Drum and one large hatchery reared 

conspecific in two seagrass structures (dense and bare), first for four hours and then 

for 24 hours.  The numbers of small fish used was lower than the number used for 

the previous hatchery fish studies because a limited number of fish at a suitable size 

were available in the field despite repeated collections.  

 Wild fish were caught in the field with a beam trawl near the caging site.  The 

fish were caught approximately 24 hours prior to the start of the experiment.  They 

were put in a 1-m diameter holding tank in the laboratory at a salinity and 

temperature approximating field conditions. They were fed enriched Artemia for 6 

hrs after being introduced to the laboratory tank.  To reduce handling stress, they 

were not fed on the morning they were placed in the field cages. The large and small 

Red Drum were added to experimental cages and retrieved as explained in Exp. 3.3.   
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RESULTS 

 

Exp3.1a-d: Two size Red Drum, no structure (laboratory) 

 There was a significant effect (p< 0.001; R
2
 = 0.975) of large fish density on 

survival of smaller conspecifics for three of the four relative size experiments (a, c, 

d) (Table 3.1). For the 4.3 mm small and 10.0 mm large Red Drum at 48 hours (Fig 

3.2 a), survival of small fish was highest (61.3% +/-  9.8% SD) when no large Red 

Drum were present.  With 1 large Red Drum present, survival of small fish dropped 

to 17% (+/- 0 SD; no variability among replicates).  There was complete mortality of 

small Red Drum when 4 or 180 large individuals were present.  

 When small fish averaged 7.2 mm and large fish averaged 9.2 mm (Fig 3.2 

b), survival did not vary significantly among treatments (p = 0.298; R
2
 = 0.353) and 

ranged from a mean survival rate of 39% (+/- 34.8%) for 180 large fish to 83.3% (+/- 

25.4%) for 1 large fish.  The low R
2
 value indicates that large fish density did not 

explain a great deal of the variability in small fish survival.  This experiment had 

higher variability in survival among replicates compared to the other 3 experiments.  

 In the first of the 96 hour experiments, small fish averaged 11.2 mm and large 

averaged 13.9 mm.  There was a significant effect (p = 0.038, R
2
 = 0.632) of large 

fish density on small survival (Fig 3.2 c).  This combination of fish sizes resulted in 

the lowest overall mortality.  Survival was 100% for all replicates when zero or 1 

large Red Drum were present.  Survival of small fish was significantly lower for 180 
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large fish (72.0% +/- 19.1% SD) than for zero or 1 (100% +/- 0), but not significantly 

different than for 4 large fish (88.7% +/- 9.8%).   

 In the final 96 hour experiment with 5.0 mm average small fish and 16.1 mm 

average large fish, large fish density was a significant factor in small fish survival 

(p< 0.001; R
2
 = 0.980).  Survival of small fish for all replicates was 0% when 1 or 

180 large fish were present (Fig 3.2 d).  When no large fish were present, survival 

averaged 67% (+/- 0) with no variability among replicates.  Survival when 4 large 

fish were present was 13.3% (+/- 9.8%), and this value was not significantly 

different from the 0% survival with 1 large fish due to the variability.  

 

Exp3.2: Intraspecific predation at different levels of structural complexity in 

laboratory 

Based on the findings from the initial no structure experiments (Expts 3.1a-d) 

which indicated no significant differences in small fish survival among the densities 

of 4 and 180 large fish per tank, the treatment level densities of 180 large fish was 

deleted for this experiment.  The relative sizes for the fish 5-6 mm small vs 12-13 

large were based on the previous experiment. 

There was a significant effect (p < 0.001; R
2
 = 0.685) of large fish density on 

survival of small fish. (Table 3.2)  Presence and structural complexity of artificial 

habitat had no effect (p= 0.657) on survival of small fish (Fig 3.3), so the small but 

not significant differences between habitat types were not further analyzed. Survival 

was significantly higher when no large Red Drum were present (88.9% +/- 18.6%) 
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than any of the treatments where large Red Drum were present (Fig 3.4).  In the 

treatments where large Red Drum were present, there was no significant difference in 

survival of small fish whether there was 1 (20.4% +/- 32.0%), 4 (16.7% +/- 28.9%), 

or 10 (14.8 +/- 22.7) large fish per tank (Fig. 3.4). 

 

Exp3.3: Hatchery fish in field cages with natural seagrass 

There were significant effects of amount of seagrass (p=0.020) and large fish 

density (0.012) on small fish survival (Table 3.3).  Together, the factors of large fish 

density and natural seagrass structure accounted for 56.1% of variability in small fish 

survival (Table 3.3).  Five large fish per enclosure caused significantly greater 

mortality than the 0 large fish control, but survival of small fish in the 1 large fish 

treatments was intermediate and not significantly different from the negative control 

or the 5 large fish treatment (Fig. 3.5).  Survival of small fish was significantly 

higher in dense than in the edge seagrass habitat (Fig 3.6).   However, small fish 

survival in the bare substrate treatment was intermediate between the dense and edge 

seagrass treatments and not significantly different than either.  The mean shoot 

density of H. wrightii at the field cages was 6,423 +/- 562 shoots m
-2

. 

 

Exp3.4 Wild fish in field with natural seagrass  

When small wild fish were exposed to one larger hatchery reared conspecific 

for four hours, there was no mortality and all small fish were recovered alive.  
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However, in the 24 hour experiment there was some mortality of small fish.  Survival 

of small fish was higher in the dense than bare treatments, but not significantly  
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DISCUSSIO  

 
Exp3.1a-d: Intraspecific predation in absence of shelter in laboratory 

The first set of experiments on Red Drum size class interactions aimed to 

define an appropriate size range of small and large Red Drum over which 

cannibalism is likely to occur under laboratory conditions.  The smallest fish were 

most vulnerable to cannibalism mortality(Table 3.1, Fig. 3.2).  The experiments in 

which the size of large fish compared to the size of the small fish was the most 

extreme ( 2 to 3 x larger) in experiment 3.1a ( 10.0 and 4.3 mm SL) and experiment 

3.1d (16.0 and 5.0 mm SL) had overall highest mortality of small Red Drum (Fig. 

3.2)  These models also explained the most variability in small fish survival due to 

large fish density, 97.5% and 98.0% respectively.  Because the experimental design 

depended on availability and timing of spawns from brood stock, not all desired 

pairings of larval size classes could be tested simultaneously.  Since this design was 

not fully orthogonal, the four experiments were analyzed separately.  Although these 

four tests do not represent outcomes of all possible combinations of size classes, they 

do suggest size combinations that result in high mortality for the smaller Red Drum. 

Factorial designs necessarily sacrifice power for realism, as the increased number of 

paired factors limits the number of replicates that can be reasonably run for each 

trial.  This increases the chance that a small but significant difference between 
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treatments will not be seen; however the trade-off of testing more factors increases 

the realism of the experiment.  

The impact of cannibalism on the smallest fish provided a starting point of 

useful size ranges to consider for the structural complexity experiments that 

followed.  Mortality of the smaller size class of Red Drum occurred in some of the 

trials even when no larger conspecifics were present, so the mortality attributable to 

cannibalism should be compared to mortality that occurs in controls without 

predators or cannibals to subtract the effects of handling stress and mortality cause 

by factors other than predation..  Mean survival of small fish with no large 

conspecifics (control) was 61.3% for the 4.3 mm, 55.3% for 7.2 mm and zero for  1.2 

mm SL (Fig. 3.2).   It was not obvious what happened to the small fish that were not 

recovered, but the tests of recapture done prior to this experiment indicate that live 

fish in the mesocosm are reliably caught with nets and subsequent visual inspection.  

Due to the care taken in checking siphoned water for escaped fish, the small mesh 

fully enclosing the stand pipes, and the thorough search for fish when the 

experiments were taken down, it is likely these fish died as a result of handling and 

transfer stress.  Due to the 48 and 96 hour experiment durations and small body 

sizes, it is possible that fish died and decomposed before their death could be noted.  

It is unlikely that cannibalism caused this mortality because the size variation within 

fish chosen for each class was less than 1 mm.   

The sizes of fish tested in this experiment represent a range of sizes typically 

found in local seagrass beds during the fall (Oct. to mid Nov.) settlement period.  In 
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field surveys done in 2003 and 2004 (Chapter 1), the mode size of small Red Drum 

on the peak settlement dates was 8 to 10 mm.   A field-realistic “low” density (ie, 

only 1 fish in a 0.758 m
3
 tank) of large conspecifics can cause significant mortality. 

The mean density of 10 – 25 mm SL Red Drum in a local seagrass bed averaged over 

the settlement season was 0.38 fish/m
2
 in 2003 and 0.53 fish/m

2
 in 2004 

This finding is important because it demonstrates that there is biologically 

plausible evidence that Red Drum of a size found in the field at densities similar to 

those tested in this experiment are capable of causing significant cannibalism 

mortality to smaller conspecifics.  Red Drum are only one species among many 

typically found in subtropical seagrass beds during their fall settlement season (Tolan 

2008), and they usually are present at fairly low to moderate densities compared to 

estuarine resident fishes such as gobies  Yet in years of unusually high settlement, 

Red Drum densities can be much higher.  The highest reported density is 11.5 

individuals/m
2
 (Rooker 1999), although cannibalism effects in these experiments 

were seen at much lower densities.  Red Drum in the field have a wider range of 

invertebrate prey to choose from that may be more attractive to them than small 

conspecifics, so the occurrence of cannibalism in our experiments does not 

necessarily mean that it occurs at such levels in the field.   In a season of average 

larval supply of Red Drum to the seagrass nursery, the density of the smaller Red 

Drum size class may not be high enough to represent a substantial potential dietary 

component for larger Red Drum.  During years of exceptionally high larval supply 
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when high numbers of small Red Drum larvae arrive late in the season, they may be 

at the ideal size and abundance for larger previously settled Red Drum to prey upon.    

 

Exp3.2: Intraspecific predation at different levels of structural complexity in 

laboratory 

 The 5-6 mm fish were selected for the “small” size class because this size 

was demonstrated to be vulnerable to cannibalism in the first set of experiments.  

This size range is abundant in field samples, so many Red Drum larvae of this size 

are typically exposed to conspecifics and predators in their natural habitat.  12-13 

mm fish were chosen for the “large” class for several reasons.  First, there is a large 

enough size disparity from our chosen “small” fish (2x) to reasonably ensure that 

these large fish could physically consume the 5-6 mm fish.  Red Drum display 

aggressive behavior when they are at a size that is competent to settle (Nakayama 

2009).  Abundances of fish above this size class drops off considerably in our field 

samples.  This may be due to gear avoidance, changing habitat preference of larger 

fish, or a result of high cumulative mortality on the smaller size classes.  Secondly, 

the 12-13 mm size class is well-represented in the field when 5-6 mm fish are also 

present, so the matching of these size classes experimentally lends a higher degree of 

realism to our study than if we had chosen size classes that did not reflect co-

occurring size classes in the field.   

Like the previous set of experiments (Fig. 3.2), density of large fish played a 

significant role in survival of small fish (Fig. 3.4).  Of particular interest is the 
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finding that the addition of just a single larger conspecific in a tank caused 

significant mortality to fish at this size class.  The lack of significant differences in 

small fish survival among the 3 levels of large fish densities (Fig. 3.4)  suggests that 

presence/absence of conspecifics (or by extrapolation, any larger fish that could be a 

predator) may be more important than their relative density.  

 Artificial structure (ASUs) did not provide significant survival benefit to 

small hatchery-reared fish (Fig. 3.2). Suitability of artificial habitat as a replacement 

for natural habitat is a topic of major concern.  As development and other 

anthropogenic impacts on estuaries increase, seagrass beds are particularly 

vulnerable. ASUs have been proposed to provide either alternative settlement habitat, 

or as corridors from unfavorable to favorable settlement areas.  This study suggests 

that the artificial structural complexity that we provided to small Red Drum did not 

increase their ability to avoid cannibalism mortality.  If ASUs attract fish that are 

competent to settle but then fail to provide them with the same level of protection 

from predation that natural habitat would provide, then ASUs could actually function 

as a population sink.  This does not mean that ASUs are useless in conservation. The 

ASU design that was tested in this study may not have provided protection to small 

Red Drum at a scale that was ecologically relevant to them.   

 ASUs placed in the field prior to arrival of settlers are likely to soon be 

colonized by epiphytes.  The epiphytes could enhance the protective role of ASUs by 

attracting fish, as epiphytes attract small invertebrates that Red Drum may be 

interested in.  Epiphytes could also physically increase the complexity of the ASU’s 
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shelter role to deter predation.  If sufficient time is allowed for ASUs to be colonized 

by epiphytes, they can enhance nursery habitat quality in areas otherwise devoid of 

structure (Powers et al. 2007) 

 

Expt3.3 Hatchery fish in field with natural seagrass  

Relative to the edge (half seagrass) treatment, dense natural seagrass had a 

protective benefit in the field (Fig. 3.6). The minimum patch size of dense seagrass 

needed to provide substantial protection from cannibalism is not necessarily the 1 m
2
 

used in our caging experiments, since the fish were confined to the cage and did not 

have the option of leaving the dense area (in the dense treatment).  Structural 

complexity and spatial arrangement may be more important than seagrass (or other 

aquatic vegetation) density in providing protection (Warfe and Barmuta 2004, 

Matilla et al. 2008).  Both postsettlement survival and juvenile densities are 

sometimes higher in structurally complex habitats (Tupper and Boutilier 1995, Shoji 

et al. 2007, Olsson and Nystrom 2009), but other studies do not support a  linear 

benefit to prey with increasing refuge density (Hovel and Fonseca, 2005, Mattila et 

al. 2008, Dorenbosch et al. 2009) 

The high mortality of small Red Drum in the treatment with half dense 

seagrass and half bare substrate may be due to an edge effect of the seagrass 

structure. Numerous studies have shown higher mortality of fish and invertebrates at 

habitat edges relative to interior (Irlandi, 1997, Laurel et al. 2003, Gorman et al. 

2009). The lower abundances of fish that are often observed at habitat edges relative 
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to interior areas may be due to settlers avoiding those areas rather than an increased 

predation rate by their predators, if those predators are also in turn are avoiding their 

own predators in the more open edge areas (Sweatman and Robertson 1994).  

Survival of small Red Drum on bare natural substrate was intermediate 

between the dense and edge treatments (Fig 3.6).  This unexpected result may have 

occurred if fish recognized the walls of the cage as shelter and hid near them to avoid 

cannibalism.  The need to contain fish in a cage is inseparable from the possible 

effect of the cage walls being perceived as shelter.  A previous study (Rooker et al. 

1998) testing predation mortality on 10-12 mm SL hatchery-reared Red Drum by 

pinfish found significantly higher mortality when Red Drum were tested with no 

shelter than with either shoal grass Halodule wrightii or turtle grass Thalassia 

testudinum.  However, Rooker et al. tested hatchery reared fish with natural seagrass 

transplanted into mesocosm tanks in the laboratory.  In the present study, hatchery 

reared fish were transported to field cages with access to natural seagrass or bare 

substrate. The additional stress from transport to the field may have caused fish to 

reduce their activity levels.  They were also exposed to a new type of enclosure 

walls, as the field cage was a mesh that was not present in their rearing tank 

environment. 

In the edge treatment, the fish could move to either the bare or dense half of 

the cage.  The highest rate of mortality from cannibalism in this treatment could be 

due to greater movement of small fish around the cage and over the bare substrate, 

and/or due to encroachment of the larger cannibal Red Drum at the interface of the 
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bare and dense areas.   Survival in the edge seagrass treatment may have been lowest 

due to small fish moving between the protective benefit of the dense seagrass and the 

open bare area.  If the large fish could perceive a contrast between the background of 

the dense seagrass and a small fish moving near the border, it may be able to prey 

upon these small fish easier than if the small fish were either in dense seagrass or 

avoiding an entirely bare area by hiding along the cage edge.   

 Shelter may provide absolute protection to small organisms from larger 

predators that are unable to access their prey due to size exclusion by the shelter.  

Because seagrasses are flexible and do not rigidly exclude predators, it is more likely 

that the shelter benefit provided by seagrass occurs because the structure affords 

benefits such as: reduced prey detection by reducing conspicuousness, reduced speed 

of predator attack, and increased opportunity for prey to avoid predators after 

detection.  

 Hatchery-reared Red Drum larvae do not have as strong an affinity for 

structured habitat as wild-caught fish have (Stunz and Minello 2001) and their ability 

to detect and respond to predators is diminished (Gro Vea Salvanes and Braithwaite 

2005; Smith and Fuiman 2004).  However, a study of Red Drum mortality from a 

pinfish predator found no significant difference in mortality rates experienced by 

wild and hatchery reared Red Drum larvae (Rooker et al. 1998).  The hatchery fish 

that we used in these experiments had no prior experience with habitat structure 

aside from the walls of their rearing tanks.  Although this detracts somewhat from the 

realism and applicability to field populations, it has implications for stock 
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enhancement when naïve hatchery-reared fish are released into natural habitats.  

Hatchery-reared Red Drum exposed to natural cordgrass habitat prior to release do 

not exhibit enhanced survival skills (Beck and Rooker 2008). 

 As the understanding of fish early life stages has increased in recent decades, 

so has the desire to understand how stocking of larvae and juveniles could be 

improved to ultimately enhance wild stocks.  The most cost-effective size at which to 

stock fish is a tradeoff between increased cost to rear fish to a larger size and the 

decreased vulnerability to predation with increasing body size and developmental 

stage (Leber et al. 2005). Hatchery reared Red Drum of 22 to 56 mm total length 

stocked to a South Carolina estuary were recaptured in the following year and found 

to comprise up to 19.4% of the species’ year class (Jenkins et al. 2004).  Clearly, 

stocking of fingerling Red Drum has a demonstrated positive impact on population 

size.  However, it is much more costly to raise a fish to fingerling size than larval 

size.  If survival of released larvae could be maximized by choosing the optimal time 

and location for release, then stocking with larvae may be a more feasible alternative 

in situations where time, funding, or other practical considerations preclude 

fingerling stocking.  It is difficult to quantify survival rates for released fish due to 

the open nature of marine coastal systems and the high variability in abundances of 

wild fish (Leber 1996, Blankenship and Leber 1996).  The present study suggests 

that if larval fish were stocked to seagrass beds, their mortality would be lower if 

they were released in dense seagrass than in patchier areas with a lot of edge habitat. 
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 Although this study found that survival of small Red Drum on bare substrate 

was intermediate between dense and edge seagrass treatments though not 

significantly different than either (Fig. 3.6), there is other evidence that Red Drum do 

not fare well on bare substrate.  Mortality from pinfish predators is higher on bare 

substrate than seagrass (Rooker et al. 1998) and wild Red Drum larvae are rarely 

caught over bare areas, suggesting that they naturally avoid this habitat type.   

Growth rate of wild Red Drum larvae caught in different parts of a continuous 

seagrass bed may vary spatially in some years but not others (Rooker et al. 1999).  

When considering which types of seagrass are most important to protect with regard 

to health of the Red Drum population,it is important to assess whether the habitat to 

which the fish are released is sufficiently complex and continuous to provide shelter 

from predators, ample foraging opportunities, and access to other parts of the habitat 

without barriers of large bare or very sparsely vegetated areas.  
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Exp3.4 Wild fish in field with natural seagrass  

 The lack of significantly different mortality rates for small wild Red Drum in 

the seagrass and bare treatments mirrors the pattern seen for Expt. 3.3 with small 

hatchery Red Drum.  Because Red Drum have such a strong preference for structure, 

it is possible  that they decreased their activity level on the bare substrate and tried to 

stay near the edges of the cage since that was the only structure available in this 

experiment.  The fish in this experiment could have been more stressed than the fish 

in Rooker et al.’s (1999) study since fish had to be transported from the hatchery to 

field cages.  Although the fish underwent an acclimation period in the field, the stress 

may have caused them to be more cautious and likely to avoid foraging or 

extraneous movement that would attract a predator.  A second difference is that the 

1999 study was done in experimental tanks that are similar in shape and color to the 

tanks that the larvae were reared in.  The current study was done in field cages made 

of mesh.  The mesh allowed exchange of estuarine water and plankton through the 

cage, as well as access to the substrate.  However, this meant that the larvae were 

introduced to an experimental structure that was quite different from their rearing 

tank.  The larvae may have perceived the mesh walls of the field cage as structure 

and stayed close to it rather than moving around the bottom of the cage where the 

natural substrate was exposed.    
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SUMMARY 

 
This study provides evidence for cannibalism among Red Drum larvae at size 

ranges that commonly co-occur in the field when larvae from successive cohorts 

overlap spatially and temporally in seagrass nursery habitat.  In laboratory 

conditions, a single large Red Drum (12-13 mm SL) was sufficient to cause 

significant mortality of small (5-6 mm SL) conspecifics  while  in the field 

enclosures in seagrass, a density of five large Red Drum m
-2

 was required to cause 

significant cannibalism mortality.  Dense seagrass in the field provided Red Drum 

larvae with a safer nursery habitat than did patchy seagrass.  ASUs in the lab 

experiments did not provide the same benefit probably due to reduced structural 

complexity.   The natural seagrass density was 6,423 +/- 562 shoots m
-2

 and similar 

to seagrass habitat used by red drum larvae as nursery habitat (see chapter one). 

Although the ability and propensity of large Red Drum larvae to cannibalize 

conspecifics under laboratory and field conditions has been demonstrated by these 

studies,  widespread natural incidence of cannibalism may be limited to years of 

exceptional larval supply when Red Drum represent a high percentage of the overall 

fish assemblage.   
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Table 3.1. Expt 3.1.a-d. (Intraspecific predation in absence of shelter in laboratory) 
Results of single-factor ANOVAs testing the effect of large fish density 
on small fish survival. For each of the four experiments, different mean 
sizes of large and small Red Drum were tested together to determine 
survival rates of small fish. 

 
Experiment Source Partial SS df MS F p

a 10 4 48 Large fish 0.755 3 0.252 104.502 < 0.001

Error 0.019 8 0.002

b 9 7 48 Large fish 0.304 3 0.101 1.456 0.298

Error 0.558 8 0.07

c 14 11 96 Large fish 0.158 3 0.053 4.578 0.038

Error 0.092 8 0.011

d 16 5 96 Large fish 0.925 3 0.308 128.031 < .001

Error 0.019 8 0.002

Large fish 

SL (mm)

Small fish 

SL (mm)

Experiment 

duration 

(hrs)
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Table 3.2. Expt. 3.2 (Intraspecific predation at different levels of structural 
complexity in laboratory)  Results of two-factor ANOVA testing effects of large fish 
density (4 levels) and artificial shelter structural complexity (3 levels) on 24-hr 
survival of small Red Drum.  
 

Source Partial SS df MS F p

Large fish density 3.248 3 1.083 14.595 < 0.001

Shelter structure 0.063 2 0.032 0.428 0.657

0.363 6 0.061 0.816 0.568

1.78 24 0.074

Large fish density x 

shelter structure

Source Partial SS df MS F p

Large fish density 3.248 3 1.083 14.595 < 0.001

Shelter structure 0.063 2 0.032 0.428 0.657

0.363 6 0.061 0.816 0.568

1.78 24 0.074

Large fish density x 

shelter structure
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Table 3.3. Expt. 3.3 (Hatchery fish in field with natural seagrass): Results of two-
factor ANOVA testing effects of natural seagrass structure and large fish 
density on survival of small Red Drum in field enclosures.  Two 
separate experiments were done: a 4- and a 24-hour exposure.  

 

4-hour

Source Partial SS df MS F p

Seagrass 0.056 2 0.028 1.333 0.288

Large fish density 0.108 2 0.054 2.583 0.103

0.035 4 0.009 0.417 0.794

Error 0.375 18 0.021

24 hour Seagrass 0.328 2 0.164 5.66 0.012

Large fish density 0.282 2 0.141 4.88 0.02

0.054 4 0.014 0.47 0.757

Error 0.521 8 0.029

Seagrass x Large 

fish density

Seagrass x Large 

fish density

4-hour

Source Partial SS df MS F p

Seagrass 0.056 2 0.028 1.333 0.288

Large fish density 0.108 2 0.054 2.583 0.103

0.035 4 0.009 0.417 0.794

Error 0.375 18 0.021

24 hour Seagrass 0.328 2 0.164 5.66 0.012

Large fish density 0.282 2 0.141 4.88 0.02

0.054 4 0.014 0.47 0.757

Error 0.521 8 0.029

Seagrass x Large 

fish density

Seagrass x Large 

fish density
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Figure 3.1. Map of cage position in seagrass bed in the Mission Aransas Estuary. Star 
symbol denotes location of cages. 
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Figure 3.2. Expt. 3.1a-d (Intraspecific predation in absence of shelter in laboratory): 
Percent survival of small hatchery-reared Red Drum by density of large 
conspecifics at  different combinations of relative size and experimental 
duration and no added habitat structure. 
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Fig. 3.3.  Expt. 3.2. (Intraspecific predation at different levels of structural 
complexity in laboratory)   Proportions of surviving Red Drum (five to 
six mm SL) in 3 different types of artificial structure averaged over 4 
different densities of large (10-12 mm) conspecifics (0, 1, 4, 10 per 
tank).  There were no significant differences in survival between types 
of artificial shelter.  
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Fig. 3.4  Expt. 3.2. (Intraspecific predation at different levels of structural complexity 
in laboratory)  Proportions of surviving small Red Drum (five to six 
mm SL) after exposure to large conspecifics (10-12 mm), averaged over 
3 levels of complexity (none, simple, complex).  Survival of small Red 
Drum was significantly higher when zero large Red Drum were present. 
Bars with different letters are significantly different.
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Figure 3.5. Expt 3.3 (Hatchery fish in field with natural seagrass) Proportions of 
surviving small hatchery-reared Red Drum (5 – 6 mm SL) by number of 
large Red Drum (12 – 13 mm SL) in field cages, averaged over the 
three seagrass structures (bare, edge, and dense). Bars with different 
letters are significantly different. 
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Figure 3.6. Expt 3.3 (Hatchery fish in field with natural seagrass) Proportions of 
surviving small hatchery-reared Red Drum (five to six mm SL) by 
seagrass structure in field cages, averaged over all density treatments of 
large (12-13 mm SL; n = 0, 1, 5) Red Drum. Bars with different letters 
are significantly different. 
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Chapter 4: Emergent impacts of cannibalism and interspecific 
predation on mortality of young Red Drum (Sciaenops ocellatus) 

I TRODUCTIO  

 

Species differ in how they search for, detect, select, attack, consume, and 

process prey (Confer and O’Bryan, 1989; Peterka and Matena, 2009).  Even within a 

species, feeding skills and preferences change during ontogeny (Werner and Hall 

1988; Mark et al 1989;;Gill and Hart, 1996; Rooker et al 1998; Fuiman and Smith 

1999;).  Changes in mobility, detection ability, response time and speed, body size, 

habitat preference, foraging behavior, and adaptive defenses determine an organism’s 

window of vulnerability to predators (Fuiman et al. 1998, Rudolf and Armstrong 

2008, Wanzenbock and Schiemer 1989).  As an organism grows and develops, its 

role in the food web may change.  Ontogenetic changes can cause an organism to 

move to a higher trophic level (Persson and Hansson1999).  When studying 

community-level interactions, species should be considered by the different trophic 

roles they play throughout ontogeny rather than by static definition as “predator” or 

“prey”.   

Intraguild predators compete with their prey for a common resource (Polis et 

al. 1989).  Predators may themselves be vulnerable to predation by larger predators 

with which they are competing for access to prey.  Most species face threats from 

more than one type of predator (Schoener 1989).  Field surveys of food webs often 



 95 

clump species together into taxa, so the true number of predator-prey pairings is 

often higher than might be assumed from the literature (Polis and Strong 1996).  

Most experimental predation studies examine a single pairing of predator and prey 

species (Sih et al. 1998).  Such experiments can provide useful information about 

behavioral interactions and lethal effects.  However, they do not allow simultaneous 

analysis of trophic interactions above, below, or at the same level as the two studied 

organisms.  Changes in predator richness can impact population dynamics and 

diversity of lower trophic levels via indirect, non-additive interactions. The results 

are rarely easy to predict (Bruno and Cardinale 2008).   

Changes in predator abundance or richness can have cascading effects on prey 

populations and the entire community. Organisms in their natural environment 

experience an immense amount of both positive and negative pressure from 

conspecifics, competitors, predators, anthropogenic impacts, and environmental 

factors.   Emergent impacts are the outcomes of numerous factors that interact to 

yield non-linear results.  Outcomes of complex trophic interaction among organisms 

are not always easily predictable based simply on the behavior and size of individual 

species.  That is, one cannot predict survival outcomes for prey exposed to multiple 

predators by examining the behavior of and predation mortality caused by predators 

separately and additively.  Many experiments and theoretical models have found 

non-linear prey responses to multiple predators.  

Controlled experiments allow the manipulation of precise sizes and quantities of 

predators and prey.  Orthogonal multifactorial statistical approaches (in which all 
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levels of each factor are combined with all levels of the other factors) can quickly 

result in unfeasibly large experimental designs. Each additional species, size class, or 

environmental factor added to the model increases the model’s complexity and 

number of potential interactions.  Despite the difficulties of studying intraguild 

predation in controlled experiments, these studies have helped to explain how 

cannibalism and predation interact and what the results mean for predators, prey, and 

cannibals.   

The study presented here tested survival outcomes for Red Drum larvae 

resulting from intraguild predation.  The experiments examined trophic interactions 

between pinfish predators and large (12-14 mm SL) larval Red Drum, as well as the 

effects of their predation on a common food resource, small (5-6 mm SL) Red Drum 

larvae.  The trophic interactions were tested at four levels of habitat structure. In 

addition to the obvious possibility that both large Red Drum cannibals and pinfish 

predators could consume small Red Drum, there is also potential for indirect 

interaction.  If pinfish have a preference for smaller Red Drum, then the large Red 

Drum would compete with the pinfish for small Red Drum prey, but would 

simultaneously benefit from reduced predation pressure as they are not preferred by 

pinfish.   However, if pinfish have a preference for larger Red Drum, then there 

would be two benefits to small Red Drum. First, there would be fewer large Red 

Drum to cannibalize them.  Second, the pinfish may become satiated by the larger 

body size of the large Red Drum and therefore reduce their effort to prey upon small 

Red Drum.  A complex habitat could reduce the frequency of encounter between fish 
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and thereby increase survival of prey, or it could provide space for a predator to hide 

and attack unsuspecting prey fish. 

Specific hypotheses for this experiment are: 

1) Mortality of small Red Drum due to predation by juvenile pinfish will be 

high.  

2) Mortality of large Red Drum due to predation by juvenile pinfish will be 

high, although lower than mortality of small Red Drum with pinfish.  

3) When pinfish are allowed to prey on small and large Red Drum 

simultaneously, the mortality of small Red Drum will be reduced relative to 

scenario 1 (small Red Drum and pinfish only).  There are two reasons to 

expect this: preference of pinfish for large Red Drum prey, and alleviation of 

cannibalism by large Red Drum as they are consumed by pinfish.  

4) High structural complexity will have a protective role for both small and 

large Red Drum.  
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METHODS 

   

Red Drum eggs were obtained from hatchery brood stock at The University 

of Texas Marine Science- Institute Fisheries and Mariculture Laboratory (FAML) in 

Port Aransas, TX.  Eggs were set in 0.75 m diameter fiberglass tanks filled with 400 

L of seawater (33 – 34 ppt) and hatched within 24 hours.  The temperature during 

rearing was controlled at 27 C. Larvae were reared in the same tanks with in-tank 

filtration for 10 days followed by re-circulation through an external filter.   They 

were fed enriched rotifers (Brachionis) for 13 days posthatch, with newly hatched 

brine shrimp (Artemia) introduced on day 10.  A high quality dry diet (Otohime 

Larval Feed) was introduced simultaneously with Artemia on day 10.  Uneaten dry 

feed was siphoned from the bottom of each tank daily. Both Artemia and dry feed 

were fed throughout rearing. This trial tested small Red Drum at 5 to 6 mm SL and 

large Red Drum at 12 to 14 mm SL.  

Juvenile pinfish Lagodon rhomboides  (60-70 cm SL) were collected from 

the field by cast net and held in the lab for one week or less so they would not lose 

natural foraging tendencies.  While in the holding tank, pinfish were fed commercial 

feed pellets to satiation twice daily.  They were not fed within 12 hours prior to the 

start of each trial.  

The predation trials were conducted outdoors with natural conditions of 

sunlight and ambient environmental conditions. Experiments were conducted in six 
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0.48m
2
  fiberglass tanks (1.0 m diameter x 0.6 m height).  These tanks were floated 

in a larger 6 m diameter tank and protected by a shade clothe to moderate 

temperature, as described by Rooker et al. (1998).   

Three factors were tested for main effects and interactions on survival of 

small Red Drum: 4 levels of artificial seagrass (ASU) structure (bare: no shoots on 

base; sparse: 2,500 shoots/m
2
 spaced evenly; half: 2,500 shoots/m

2 
arranged as dense 

on half and bare on other half; dense: 5,000 shoots/m
2
), 2 levels of pinfish density (0, 

1 per tank) and 2 levels of large Red Drum (0, 5 per tank).  Each blade was a 15 cm 

length of green positively buoyant plastic ribbon.  The density of 5,000 shoots/m
2
 for 

the “dense” factor is a moderate and reasonable shoot density for H. wrightii in a 

subtropical Texas estuary (Kowalski et al. 2009), while the 2,500 shoots/m
2
 density 

for the“half” treatment is lower than recorded values (down to 3,942 shoots/m
2
) for 

the winter seasonal decrease in shoot density.  

Blades were attached to a flexible base of 1 inch black plastic mesh. Each 

base was fitted to cover the entire tank bottom.  Small clip-on fishing weights were 

attached to the mesh to keep it submerged and flush with the bottom of the tank so 

fish could not swim under the mesh. 

 Treatments were randomly assigned to tanks and the ASUs were moved to a 

different tank each time a new set of trials began.  Small and large fish were 

acclimated separately for 2 hours prior to the start of each experiment in two small 

mesocosm enclosures (25 cm diameter PVC pipe with mesh sides) within each 

experimental tank. After the acclimation period, large fish were released into the 
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experimental tanks followed by small fish 1 hour later and pinfish 10 minutes after 

the small fish.  The order and timing at which fish were added reflected a natural 

pattern of previous settlement of large Red Drum followed by later arrival of small 

Red Drum, accompanied by transient predatory foraging of pinfish within areas of 

Red Drum settlement.   Fish were not fed during the experiment. 

All experiments were run for four hours from the time of addition of pinfish 

until retrieval of all surviving fish.   After four hours, all surviving fish were 

collected with mesh nets and counted. Each tank was carefully swept with a net five 

times and visually inspected to ensure that all fish were retrieved.  

An orthogonal ANOVA model tested the effects of pinfish, large Red Drum, 

seagrass structure and interactions of these on survival rates of small Red Drum.  

Two further ANOVA models were used to clarify the nature of how small and large 

Red Drum (respectively) respond to pinfish predation in the absence of the other Red 

Drum size class in the four seagrass structures. Survival rates were not transformed 

for input to the ANOVA models.  Based on the small number of replicates and 

scarcity of extreme survival values, the arcsine transformation was not warranted. 
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RESULTS 

 

 Analysis of a partial model confirms that seagrass structure does not have a 

significant effect on small Red Drum survival. Because this model does not include 

treatments containing large Red Drum, it clarifies the nature of pinfish predation on 

small Red Drum at each level of habitat complexity without the complication of the 

large Red Drum acting simultaneously as predators (to small Red Drum) and prey (to 

pinfish).   This partial model (Fig. 4.1; Table 4.1) considers pinfish 

(presence/absence) and seagrass structure as factors in small Red Drum survival. 

Pinfish presence was a significant factor in small red fish survival (p < 0.001), but 

seagrass was not (p = 0.468).  Survival of small Red Drum was significantly reduced 

in the presence of pinfish (11.9% +- 3.2%) relative to the control treatments (99.3% 

+- 0.7%) which had varying seagrass structure but no pinfish (nor large Red Drum, 

in this partial model).  

The full orthogonal model (Table 4.2, Fig 4.2) tested small Red Drum 

survival in response to all combinations of large Red Drum density, pinfish presence 

or absence, and habitat structure.  The model R
2
 was 0.887. There was no significant 

main or interaction effects of habitat structure on small Red Drum prey survival (p = 

0.140). Overall survival of small Red Drum was higher in the dense seagrass (but not 

significantly) than in the bare, half, or sparse treatments.  There were significant 

main effects of both pinfish density (p< 0.001) and large Red Drum density (p < 
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0.001).  The four different predator/cannibal treatment scenarios each yielded 

significantly different survival rates for small Red Drum (Fig. 4.2).  Survival of small 

Red Drum was highest in the control treatment with no large Red Drum and no 

pinfish (99.3%). In the pinfish treatment, small Red Drum survival was lowest 

(11.9%).  In the large Red Drum treatment, small Red Drum survival was 26.9%.  

When small Red Drum were exposed to both large Red Drum and pinfish the 

survival rate (41.3%) was higher than that with either the pinfish or large Red Drum 

alone.  

There was a significant interaction effect of pinfish predator density and large 

Red Drum density (p < 0.001), but no other significant interactions (Table 4.2).   

When large Red Drum were absent, small Red Drum survival was significantly 

higher when pinfish were absent (controls with neither predators nor cannibals) than 

when pinfish were present. When large Red Drum were present, the pattern is 

reversed; small Red Drum survival is higher when pinfish are mixed with large Red 

Drum than when small Red Drum are exposed to large Red Drum alone (Fig 4.2). 

 For the subset of the experiment consisting of only pinfish predators and 

large Red Drum (small Red Drum absent), the effect of seagrass structure on large 

Red Drum survival was examined with large Red Drum survival as the response 

variable (Table 4.3, Fig. 4.3).  Differences in seagrass structure explained 53.8% 

(model R
2
) of the variability in large Red Drum survival. Dense seagrass supported 

the highest survival of large Red Drum (35.0% +- 5.0%).  Survival in the sparse 

(20.0% +- 0%) and half (30.0% +-10.0%) were not significantly lower than for the 
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dense treatment. Bare substrate supported a significantly lower survival rate (5% +- 

5%) than the three vegetated treatments.   
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DISCUSSIO  

 

Perhaps the most intriguing finding of this experiment is the nature of the 

interaction between large Red Drum and pinfish on small Red Drum survival. When 

large Red Drum were absent, the presence of a single pinfish had a significant effect 

on small Red Drum mortality.  However, when large Red Drum were present, there 

was a significant reduction in mortality rate for small Red Drum when a pinfish was 

added.  There are several possible explanations for this difference.   

 First, large Red Drum may recognize the pinfish as a potential predator and 

reduce their activity level to become less conspicuous.  If the large Red Drum are 

less active, they will have fewer encounters with small conspecifics.  If a threat from 

the pinfish is perceived, they may shift out of foraging mode and into predator-

avoidance mode.   

 Second, if pinfish are given the choice of large or small Red Drum prey, they 

may prefer the large Red Drum.  If the pinfish initially pursue and eat the large Red 

Drum, the pinfish may become satiated and less interested in the small Red Drum.  

They may also then have a search image for the larger, more energetically favorable 

large fish, and ignore the small ones.  Similarly, when presented with guppies of 

various sizes, pike cichlid consistently consumed the largest guppies (Johansson et 

al. 2004). Bluegill sunfish preferred the largest prey of the size classes that was 
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presented to them, and probability of encounter alone was only an important factor in 

prey choice when prey density was very low (O’Brien et al, 1976).  

 Optimal foraging theory proposes that predators will consume the most 

energetically favorable prey first and shift to the less favorable prey as density of the 

most favored prey declines. (Charnov 1976, Stephens and Krebs 1986).  A predator’s 

dietary richness increases as prey density decreases (Schoener 1971). Although 

dietary richness is typically defined by number of species, the size classes of a single 

species could functionally represent different prey choices and should therefore be 

considered when determining the dietary variety available to a predator.  The pinfish 

in this study clearly responded differently to the offering of large and small Red 

Drum as prey.  By virtue of the large Red Drum being larger and more nutritious per 

individual to the pinfish, the pinfish may become satiated on large Red Drum and 

therefore not prey as heavily upon small Red Drum.  

 Third, if pinfish prefer large Red Drum to small Red Drum, and if pinfish are 

abundant enough to cause substantial mortality of large Red Drum, then there could 

soon be numerically fewer larger Red Drum left to cannibalize their small 

conspecifics.  In dragonflies, interactions between predators and cannibals were non-

linear and resulted in increased survival of prey (Rudolf and Armstrong 2008).  

Changes in predator richness can affect community structure in non-additive and 

indirect ways (Bruno and Cardinale 2008).  Such counter-intuitive results of 

increased predator richness leading to trophic cascades that ultimately benefit prey 
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suggest that the adage “The enemy of your enemy is your friend” may be much more 

prevalent in the natural world than previously thought.   

 Pinfish were used in this experiment as a model predator because this species 

is abundant in local seagrass beds and readily available, known to be a predator of 

Red Drum, and has been previously studied as a predator on Red Drum (Rooker et 

al. 1998, Stunz et al. 2001, Stunz and Minello 2001).  In the field, settlement-size 

Red Drum are preyed upon by a variety of organisms including juvenile and adult 

fish and crustaceans, wading birds, and ctenophores. The main determinants of 

intraspecific aggression in Red Drum larvae are small size of the target fish, 

substantial size difference between the two individuals, and poor condition of both 

the aggressor and target fish (Nakayama et al. 2009).  

Different species of predators vary in their predation strategies and 

preferences, so Red Drum survival may be greater or less when matched with a 

predator other than pinfish. A fully realistic experiment testing all types of predators 

together would be nearly impossible to execute and analyze due to the huge number 

of potential interactions.  While the study presented here examines interactions 

among a much more simplified suite of organisms than exists in the field, the nature 

of direct and indirect interactions it reveals is intriguing.  This study indicates that 

while both larger conspecifics and pinfish can prey on small Red Drum, there is an 

additional trophic interaction between the larger conspecifics and the pinfish that has 

a positive effect on small Red Drum.  This interaction suggests that other indirect 

effects between large Red Drum and various predators likely occur in seagrass beds 
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and should be further explored.  Of particular interest are species that are either 

abundant throughout the Red Drum settlement area, abundant at times that heavily 

overlap with Red Drum settlement, or are particularly voracious predators on Red 

Drum.   

Complex habitat structure can protect organisms by reducing encounter rates  

(Warfe and Barmuta 2004 and  dampening the intensity of interactions among 

competing species (Schoener 1974). The finding that increased seagrass structure 

provided a significant survival benefit over bare substrate for large Red Drum but not 

small Red Drum suggests developmental differences may be important.  Advances in 

swimming abilities coupled with increased habitat complexity would lead to reduced 

predation mortality.  Neither size of Red Drum used in this study had previously 

been exposed to either natural or artificial seagrass, but the large fish were able to 

utilize it more effectively.   

The trophic position of an organism depends on its size, state of development, 

and feeding preferences. As it reaches new trophic levels, its interactions with 

conspecifics and other species will change.  In a simplistic system with no 

interactions between predators and cannibals, the mortality risk to small prey would 

increase with addition of larger cannibalistic conspecifics and/or predators.  

However, in this study pinfish preyed upon both small and large Red Drum, and 

when both sizes of Red Drum were present, pinfish preferred large Red Drum which 

resulted in increased survival of small Red Drum. The non-linearity of the small Red 
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Drums’ mortality risk would not have become apparent without a test of both 

predators and cannibals simultaneously.   
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SUMMARY 

 
  

The novel use of multiple predators to examine mortality on a common prey 

revealed that the presence of  a common predator  led to mediation of cannibalism 

mortality on small (five to six mm SL) Red Drum larvae by their large (12-13 mm 

SL) conspecifics.  In addition, an ontogentic shift in the protective effect of structure 

was revealed by reduced predation mortality by the Pinfish on large  but not small  

Red Drum in artificial seagrass units  This study provides support for emergent 

impacts of multiple predators on small red drum survival, and provides a framework 

for further testing of whether such patterns occur in natural seagrass, with other 

predators, and in other habitat types. High densities of large predators are not 

necessarily detrimental to all size classes of their prey and may actually enhance 

their survival by reducing densities of intermediate predators. 



 110 

 

 Table 4.1. ANOVA model testing effects of pinfish predators and 
seagrass structure on survival of small Red Drum prey. This model does 
not include any treatment with large Red Drum cannibals.  

Response Species Treatment Survival

DF F P

Red drum prey Pinfish predator 1 644 0.0001

seagrass 3 0.88 0.468

predator x seagrass 3 0.58 0.635

Error 23

Response Species Treatment Survival

DF F P

Red drum prey Pinfish predator 1 644 0.0001

seagrass 3 0.88 0.468

predator x seagrass 3 0.58 0.635

Error 23
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Table 4.2. ANOVA model of full experiment testing effects of pinfish predators, Red 
Drum cannibals, and seagrass structure on small Red Drum survival.  

 

Response Species Treatment Survival

DF F P

Red drum prey seagrass 3 1.92 0.14

Pinfish predator 1 111.59 0.0001

Red drum cannibal 1 38.81 0.0001

seagrass x predator 3 0.61 0.609

seagrass x cannibal 3 0.75 0.529

predator x cannibal 1 216.58 0.0001

seagrass x predator x cannibal 3 0.18 0.907

Error 47

Response Species Treatment Survival

DF F P

Red drum prey seagrass 3 1.92 0.14

Pinfish predator 1 111.59 0.0001

Red drum cannibal 1 38.81 0.0001

seagrass x predator 3 0.61 0.609

seagrass x cannibal 3 0.75 0.529

predator x cannibal 1 216.58 0.0001

seagrass x predator x cannibal 3 0.18 0.907

Error 47  
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Table 4.3. Single factor ANOVA model testing effects of seagrass structure on 
survival of large Red Drum cannibals exposed to pinfish predators.  
This model does not include any treatment with small Red Drum prey.  

 

Response Species Treatment Survival

DF F P

Red drum cannibals seagrass 3 4.68 0.022

Error 12

Response Species Treatment Survival

DF F P

Red drum cannibals seagrass 3 4.68 0.022

Error 12
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Fig 4.1. Percent of small Red Drum prey (5-6 mm Sl) surviving (mean +- SE) when 
exposed to pinfish predators.  The two treatments shown here were also 
included in the full model (Fig 4.2), but are displayed separately to 
clarify the outcomes of interactions of small Red Drum and pinfish in 
the absence of large Red Drum.  Values include all seagrass structures. 
Bars with different letters are significantly different 

a 

b 
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Fig 4.2. Percent of small Red Drum prey (5-6 mm Sl) surviving (mean +- SE) when 
exposed to orthogonal combinations of pinfish predators (Pin Pred) and 
Red Drum cannibals (Rd Can).  Values include all seagrass structures.  
Bars with different letters are significantly different. 

 

b 

a 

c 

d 
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Fig 4.3. Percent of large Red Drum cannibals (12-14 mm Sl) surviving (mean +- SE) 
when exposed to pinfish predators.  Values are displayed for each 
seagrass structure, as ANOVA indicates seagrass habitat structure had a 
significant effect on Red Drum cannibal survival. Bars with different 
letters are significantly different. 

a a 

a 

c 
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