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Abstract 

The Lower Pecos River in New Mexico and Texas, USA has experienced salinization due to exacerbation 

of natural saline inputs by flow alteration and irrigation practices. This situation is most pronounced in the 

Permian Basin region, where the negative impacts on biodiversity, particularly for the fish fauna, have been 

well documented. Less is known, however, about how aquatic food webs have been affected by diminished 

flows and salinization in the Pecos and other dryland rivers. Here, we provide a synthesis of the cumulative 

impacts on food web processes and trophic structure based on our work in the Lower Pecos and on research 

in other river systems exposed to these stressors. Impacts range from diminished availability of terrestrial 

basal resources to shortened food chains due to the absence of large-bodied, piscivorous fishes. Importantly, 

where fresh discharge from remaining springs flows into tributaries and the main stem, trophic diversity is 

bolstered in the Lower Pecos. This highlights the need to preserve these vital flow and resource inputs, and 

it provides support for the idea that flow-regime restoration in the Lower Pecos would improve ecosystem 

function.  
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Flow alteration is known to have strong 

impacts on food-web processes in rivers. River 

regulation and fragmentation change the quality 

and availability of energy sources (Poff et al. 

1997), ultimately resulting in a less diverse array 

of resources for consumers in aquatic food webs 

(Cross et al. 2013; Turner et al. 2015). Reduced 

flows have also often led to salinization in altered 

rivers, but the cumulative impacts of salinization 

and diminished flows on riverine food webs are 

not well understood (Nielsen et al. 2003; Cañedo-

Argüelles et al. 2019). 

Accumulation of salts has been exacerbated by 

diminished flows and irrigation practices in many 

river basins (Bailey et al. 2006; Cañedo-Argüelles 

et al. 2013). In watersheds where rainfall is 
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insufficient to support desired crops, inundation of 

large areas through irrigation, combined with high 

rates of evapotranspiration, results in high salt 

concentrations in surface soils. These salts 

ultimately enter streams through runoff and 

irrigation return flows, where they accumulate 

unless they are diluted by fresh flow pulses 

(Pillsbury 1981, Smedema and Shiati 2002). Other 

anthropogenic sources also often contribute to 

river salinization, such as application of salts for 

de-icing roadways (Kaushal et al. 2005) and 

contamination from brine wastewater associated 

with oil and gas operations (Brittingham et al. 

2014). This “secondary salinization” is an 

anthropogenic disruption of natural salt cycles, 

and the augmented salt concentrations have 

significant impacts on freshwater organisms 

(reviewed by Hart et al. 1991; Cañedo-Argüelles 

et al. 2013).  

In arid and semi-arid regions, the cumulative 

impacts of flow alteration and salinization are 

widespread (Williams 2001; Bailey et al. 2006). 

Dryland rivers, in general, have relatively low 

discharge and higher conductivity, making them 

particularly susceptible to salinization when 

opportunities for dilution are reduced (Berger et al. 

2019). In the semi-arid Murray-Darling basin of 

Australia, for example, diversions and reduced 

high-flow events combined with clearing of native 

vegetation in the watershed have led to salt 

accumulation from rising saline groundwater 

tables and irrigation inputs (Nielsen et al. 2003). In 

central Asia, the endorheic Amu and Syr Darya 

system provide an extreme case study for the 

combined ecological effects of reduced discharge, 

over-irrigation, and human-induced salt 

accumulation (Ghassemi et al. 1995). 

Anthropogenic salinization is also common in the 

southwestern U.S. The Colorado River’s salt 

balance has been disrupted largely by irrigation 

practices, high evaporation rates in reservoirs, and 

reduction of diluting flows (Carlson and Muth 

1989). The same drivers have led to salt 

accumulation in the Rio Grande (Río Bravo del 

Norte) and some of its tributaries (Moyer et al. 

2013; Miyazono et al. 2015); the problem is 

especially pronounced in its largest tributary—the 

Pecos River (Hoagstrom 2009).  

Food-web effects of salinization associated 

with diminished river flows have not been 

thoroughly examined, and they are difficult to 

separate from other impacts of flow regulation and 

diversion. River salinization directly causes 

physiological stress or outright mortality in 

freshwater organisms by disrupting the internal 

osmotic balance that maintains appropriate levels 

of water and dissolved ions in cells and tissues. 

Euryhaline species can regulate their internal 

osmotic concentration to adjust to external salinity 

gradients, but high salt concentrations are toxic for 

many freshwater species (Hart et al. 1991). In 

general, the effects of salinization on individuals 

and populations of salt-intolerant species cause 

declines in the richness of freshwater fish and 

macroinvertebrate communities (Morgan et al. 

2003, Pinder et al. 2005). In addition to reduced 

consumer diversity, changes in food webs 

potentially occur due to decreased growth and 

feeding efficiency of consumers exposed to 

salinization (Hassell et al. 2006, Hintz and Relyea 

2017a). Energy pathways in salinized rivers may 

also change following impacts on ecosystem 

processes related to basal resources (Berger et al. 

2019). Leaf litter decomposition rates generally 

decrease with increasing salinity (Swan and 

DePalma 2012; Sauer et al. 2016), resulting in 

reduced quality of resources for detritivores 

(Entrekin et al. 2019). In more saline streams, 

producer communities are dominated by diatoms 

and cyanobacteria—taxa that are generally less 

palatable to aquatic consumers (Millán et al. 

2011). Together, these effects are expected to 

constrain the availability and quality of energy 

sources and reduce the diversity of consumers in 

food webs of salinized systems like the Lower 

Pecos River. 
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The Lower Pecos: Declining Water Quantity 

and Quality 

The Pecos River flows for 1480 km, beginning 

in the Sangre de Cristo Mountains of north-central 

New Mexico and joining the Rio Grande just 

above Amistad Reservoir in Val Verde County, 

Texas (Figure 1). The river is impounded by five 

large dams and many smaller, low-head dams for 

irrigation. The Lower Pecos (from near Carlsbad, 

New Mexico through the confluence with the Rio 

Grande) flows through two physiographic regions: 

the Permian Basin and the Edwards Plateau. 

Historically, the Lower Pecos had sufficient flows 

to be navigable, and its depth and swift currents 

made crossing difficult for explorers and settlers 

(Dearen 2016). Before most were blocked by 

upstream dams, seasonal floods regularly 

inundated the Lower Pecos (Hoagstrom 2009; 

Dearen 2016). In the contemporary Permian Basin 

region, however, flows in the wide channel are 

substantially diminished. Largely deprived of 

flood pulses, flows come mostly from irrigation 

returns and minimal dam releases, with small 

inputs from seeps and springs (Hoagstrom 2009). 

Streamflow intermittency now occurs frequently 

in some reaches during dry periods (Figure 2a). 

Below the Permian Basin region, the Pecos flows 

through deep limestone canyons in the Edwards 

Plateau. In this region, groundwater has not been 

exploited as intensely, and Independence Creek 

and spring inputs replenish discharge (Figure 2b; 

Linam and Kleinsasser 1996). Indeed, spring-fed 

tributaries such as the Black River (Figure 2c) and 

Delaware Creek in the Permian Basin region, and 

Independence Creek in the Edwards Plateau 

region, potentially serve as refugia when water 

quantity and quality is low in the main stem 

(Rhodes and Hubbs 1992; Zymonas and Propst 

2007).  

Brine aquifers in the Permian Basin deliver 

high concentrations of salts to the Lower Pecos, 

but the pre-development volume of brine 

discharge was a very small proportion of natural 

river flow (Hoagstrom 2009). Thus, although 

Spanish explorers called the Lower Pecos “Río 

Salado” (“salty river”), and pioneers reported a 

salty taste in the river water, the water was 

historically drinkable (Dearen 2016), and the river 

supported a relatively diverse, native freshwater 

fauna (Davis 1987; Linam and Kleinsasser 1996; 

Hoagstrom 2003). This is because prior to water 

development, sustained base flows and periodic 

floods would have diluted and exported salts to 

prevent excessive concentration (Dearen 1996). 

Thus, hydrological evidence does not support the 

popular conception that the Pecos River was 

naturally salinized (Pillsbury 1981) and indicates 

instead that the rate of evaporation versus 

precipitation controls salinity (Gibbs 1970, 1971). 

Dams have now isolated the Lower Pecos from 

fresh flow pulses from upstream, including spring 

floods from snowmelt in high-elevation 

headwaters, and the current altered flow regime, 

irrigation practices, evaporation in reservoirs, and 

groundwater overdraft have exacerbated salt 

accumulation (Hoagstrom 2009). This has resulted 

in much higher salinity in the Lower Pecos in the 

last several decades, and that increase is closely 

correlated with the decrease in flows. Specific 

conductivity in some Permian Basin reaches now 

regularly exceeds 30,000 µS/cm (19.2 ppt) (East et 

al. 2017; Delaune 2020), about 55% of average 

ocean levels. Recent fish surveys have shown that 

only a few highly tolerant, euryhaline species 

persist in the most salinized reaches of the Lower 

Pecos (Cheek and Taylor 2016; East et al. 2017). 

Conductivity then declines, and fish diversity   

increases, with the confluence of Independence 

Creek and fresh spring inputs in the Edwards 

Plateau region. Even so, saline inputs from the 

Pecos into the Rio Grande are high and rising, 

threatening the municipal water supply from 

Amistad Reservoir (Miyamoto et al. 2006b).  

Other anthropogenic stressors have intensified
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FIGURE 1. Map of the Pecos River in Texas and New Mexico, USA with the two regions of the Lower Pecos (I. Permian 

Basin and II. Edwards Plateau) and large mainstem dams indicated. 



6     PEASE AND DELAUNE 

 
 

 

 

FIGURE 2. Photos illustrating some of the variation in stream habitats within the Lower Pecos including (A) the main-stem 

Pecos near Orla, Texas (Permian Basin salinized reach); (B) the main-stem Pecos just below the confluence of Independence 

Creek near Sheffield, Texas (Edwards Plateau spring-influenced reach); (C) the Black River near Malaga, New Mexico 

(Permian Basin large tributary); and (D) the main-stem Pecos near Iraan, Texas (Permian Basin salinized reach).Note that in 

Permian Basin main-stem site (A), the flow is intermittent and decaying aquatic macrophytes are present, and in Permian 

Basin main-stem site (D), algae is abundant and riparian zones are dominated by saltcedar.  

 

declines in ecosystem integrity in the Lower 

Pecos. As of 2019, the Permian Basin was the 

largest oil and gas production region in the U.S. 

(Clemente 2019), and the industry has fragmented 

landscapes in the watershed (Pierre et al. 2020), 

enhanced demand for groundwater (Scanlon et al. 

2020), and spilled contaminants into the river 

(Soraghan and King 2016; Hedden 2020). 

Unfortunately, the nature and full extent of 

impacts on the Lower Pecos from the oil and gas 

industry (including inputs of brine wastewater) 

have not yet been fully elucidated. Harmful agal 
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blooms have also had strong impacts on the Lower 

Pecos. The first documented toxic bloom of golden 

alga Prymnesium parvum in the USA occurred in 

the Lower Pecos (James and de la Cruz 1989), and 

blooms of this euryhaline species have caused 

massive fish and mollusk kills in the system 

(Rhodes and Hubbs 1992, Southard et al. 2010). 

 

Basal Resources Supporting Aquatic Food 

Webs 

Though there is a great deal of uncertainty 

regarding the relative importance of different basal 

resource types in pre-development Lower Pecos 

food webs, diminished flows and salinization have 

certainly changed the array of energy sources 

available to support secondary consumers. For 

example, the breadth of detritus sources has 

probably been reduced due to constrained 

longitudinal and lateral connectivity, and reduced 

flows and declining water quality have likely 

impacted algal biomass and diversity. As has been 

shown in other altered rivers (Cross et al. 2013; 

Turner et al. 2015), these changes in basal resource 

quantity and quality impact higher trophic levels 

through bottom-up effects.  

 

Detrital pathway 

The Lower Pecos has a limited quantity and 

quality of riparian resources to support aquatic 

food webs. East et al. (2017) found that riparian 

carbon was only minimally assimilated into fish 

and macroinvertebrate production in most Permian 

Basin reaches. In the Permian Basin, reduced 

flows have limited opportunities for interface with 

terrestrial sources of detritus. Though much of the 

Lower Pecos riparian zones were probably only 

sparsely forested historically (Dearen 2016), there 

would have been subsidies of riparian inputs from 

upstream, forested reaches before downstream 

transport was blocked by dams. Also, nonnative 

saltcedar (Tamarix spp.), has replaced the native 

cottonwoods and willows that were historically 

dominant in riparian zones of some Lower Pecos 

reaches (Gregory and Hatler 2008). In parts of the 

Lower Pecos with historically low tree cover in the 

riparian zone, the addition of saltcedar may have 

actually increased the contemporary availability of 

terrestrial detritus in local food webs. Though 

saltcedar may provide high-quality detritus (i.e., 

with low C:N ratios) compared to some native 

southwestern trees (Going and Dudley 2008; 

Moline and Poff 2008), Bailey et al. (2001) 

suggested that detritus from saltcedar may not be 

used as readily by benthic macroinvertebrates 

because it has a faster decomposition rate in 

aquatic ecosystems compared to cottonwoods.  

Even in reaches where potentially palatable 

organic matter from riparian plants enters the river, 

diminished flows, increased intermittency, and 

salinization in much of the Lower Pecos probably 

impede the processes that would make those 

resources readily available to stream consumers. 

Shredding macroinvertebrates are particularly 

sensitive to flow alteration and poor water quality, 

and often breakdown of riparian plant inputs in 

altered streams is reduced via decreased shredder 

abundance (Lecerf et al. 2006; Mendoza-Lera et 

al. 2012). As described below, shredding 

macroinvertebrates are rare in the Lower Pecos. 

Decomposition by bacteria and fungi in 

intermittent reaches of the Permian Basin may also 

be limited by channel drying, and this reduces the 

availability of terrestrial carbon resources as has 

been shown in other systems (Foulquier et al. 

2015; Northington and Webster 2017). 

Simultaneously, salinity in Permian Basin reaches 

frequently exceeds levels considered detrimental 

for many stream microbial decomposers (Sridhar 

and Kaveriappa 1988; Hart et al. 1991; Swan and 

DePalma 2012), though some salt-tolerant taxa 

may still mediate leaf litter decomposition at 

intermediate salinity levels (Canhoto et al. 2017). 

Thus, isolation of the Lower Pecos from upstream 

sources of forest organic matter, coupled with poor 

conditions for processing in the dry and salinized 



8     PEASE AND DELAUNE 

 
 

 

Permian Basin, likely impede incorporation of 

terrestrial detrital resources into local food webs. 

Detritus from salt-tolerant aquatic 

macrophytes (e.g., widgeon grass Ruppia 

maritima), which are seasonally abundant in some 

Permian Basin reaches (Figure 2a), may be an 

important basal resource in some cases (Davis 

1980). However, even for some relatively tolerant 

aquatic macrophytes, production is reduced by 

salinization, especially in combination with other 

stressors, such as nutrient enrichment or 

contaminants (Bailey et al. 2006), and just as with 

terrestrial leaf litter, decomposition of aquatic 

plants may be slowed by salinization (Roache et 

al. 2006).  

Notably, the stable isotope analysis of East et 

al. (2017) indicated that riparian carbon was the 

dominant energy source ultimately supporting 

benthic macroinvertebrates and fishes at the 

confluence of the Black River. Though the Black 

River watershed has been altered for agriculture 

and oil and gas development, some relatively 

intact riparian zones remain (Zymonas and Propst 

2007), and lower salinity in the stream may 

promote breakdown of terrestrial detritus into 

organic matter that enters the mainstem Pecos food 

web at the confluence. Riparian basal sources also 

appear to provide a more substantial contribution 

to consumer biomass in the Edwards Plateau 

reaches below the confluence of Independence 

Creek (East et al. 2017). Thus, as has been shown 

in other altered rivers (Wellard Kelly et al. 2013; 

Oliver et al. 2016; Sabo et al. 2018), terrestrial 

carbon subsidies from tributaries into mainstem 

Lower Pecos food webs appear to be important for 

maintaining some diversity of basal resources. 

This may have also been the case historically, as 

tributary confluences in the Lower Pecos have 

probably always had relatively high availability of 

terrestrial organic matter (including woody debris 

from infrequent floods) compared to elsewhere in 

the main stem.  

It is possible that the depleted isotopic carbon 

signatures observed by East et al. (2017) for 

consumers at tributary confluences were 

influenced by dissolved inorganic carbon from 

groundwater inputs into the spring-fed tributaries, 

which may have caused the algae to have an 

isotopic signature similar to riparian detritus 

(Doucett et al. 1996; Finlay 2001). Because higher 

flow velocities result in higher carbon dioxide 

availability, allowing algae to take up a higher 

proportion of lighter carbon isotopes (Finlay et al. 

1999; Trudeau and Rasmussen 2003), the more 

depleted carbon signatures at Lower Pecos 

tributary confluences could have also been 

affected by the greater availability of riffle habitats 

in these zones. 

 

Algal pathway 

Without a substantial contribution from riparian 

carbon sources, food webs in many reaches of the 

Lower Pecos, especially within the Permian Basin, 

appear to be largely supported by algae (East et al. 

2017). Algae may have also been a primary energy 

source in the Permian Basin portion of the river 

prior to development given the sediment-laden 

channel and scarcity of forested riparian habitats 

and perennial tributaries. Little information is 

available on the diversity of diatoms, 

chlorophytes, and other algae at the base of food 

webs in the Lower Pecos. Davis (1980) 

documented abundant filamentous green algae 

Cladophora and Ulothrix and diatoms in the 

relatively salt-tolerant genus Synedra in Permian  

Basin reaches (Figure 2d). Much research has been 

focused on the golden alga P. parvum, which 

periodically has strong effects on Lower Pecos 

food webs by directly reducing consumer diversity 

through fish kills. Recent studies of P. parvum 

suggest that the influence of salinity on its 

potential for toxic blooms is complex, with 

abundance in inland systems generally increasing 

with salinity, but declining at the high salinity 

levels commonly observed in the Pecos River  
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FIGURE 3. Conceptual diagram illustrating variation in food web structure in the Lower Pecos, including differences in 

organic matter (OM) inputs and consumer diversity. The food web network diagrams are simplified examples of energy 

pathways, and they are intended to show relative differences in local richness within trophic groups rather than total richness.  

 

(Israël et al. 2014; Patiño et al. 2014; Rashel and 

Patiño 2018).  

Regulated, less variable flows below dams 

have been shown to boost biomass of filamentous 

green algae (Cladophora) and other algal taxa in 

dryland rivers (Blinn et al. 1998; Ponsatí et al. 

2015). Long periods of diminished discharge 

support greater production of algae and higher 

contributions of algae into local food webs, as 

explained by Thorp and Delong’s (1994) riverine 

productivity model and the river wave concept of 

Humphries et al. (2014). Extremely low flows and 

intermittency may lead to less diverse and/or 

lower-quality algal resources for Lower Pecos 

consumers, however, as shown in other systems 

(Sabater et al 2016; B-Béres et al. 2019). As 

described by Hoagstrom and Turner (2015), flood 

pulses maintain slackwater habitats that are 

seasonally important drivers of autochthonous 

primary productivity in sand-bed rivers, but this 
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function is also impaired in the altered Lower 

Pecos. Salinization in the Permian Basin portion of 

the river undoubtedly constrains the diversity of 

algal communities. In other salinized rivers, 

documented impacts on algal resources include 

reduced diatom diversity in benthos (Blinn and 

Bailey 2001; Ziemann et al. 2001) and in the water 

column (Blinn et al. 1981) and dominance of 

cyanobacteria in biofilms (Ros et al. 2009). 

More research is needed to identify the 

terrestrial and in-stream producers that support 

aquatic food webs in the Lower Pecos. Based on 

existing information, it seems that fishes and 

macroinvertebrates in the river within the Permian 

Basin are supported by a relatively homogenous 

set of basal resources, which agrees with 

expectations regarding impacts of reduced flows 

and salinization. Dryland rivers are generally 

expected to be principally supported by algal 

resources, with riparian sources of carbon being 

less important (Bunn et al. 2006, 2013), but with 

flow alteration cutting off available aquatic-

terrestrial linkages, and reduced water quality 

potentially impairing breakdown of terrestrial 

inputs, basal resource constraints in this case 

appear to be especially severe. Bottom-up effects 

of this could include a general reduction in dietary 

niche width among aquatic consumers, with food 

webs comprising few, strong trophic interactions 

(Figure 3) rather than a more reticulate network of 

weak trophic interactions. As shown in the 

Colorado River (Cross et al. 2013; Wellard Kelly 

et al. 2013), such simplified food webs are 

potentially unstable and less resilient to 

disturbance (Rooney and McCann 2012).  

 

Changes in Functional Diversity of Consumers 

Just as basal resources appear to be simplified 

in the Permian Basin reach of the Lower Pecos, so 

too are assemblages of aquatic consumers. 

Contemporary communities of consumers are 

depauperate assemblages of tolerant invertebrates 

and fishes (Davis 1987; Hoagstrom 2003; Cheek 

and Taylor 2016; Delaune 2020). Biological 

survey data are generally not available for time 

periods prior to dewatering and salinization of the 

Pecos below Carlsbad, so the pre-development 

fauna is hardly known (Hoagstrom 2003). Salt-

tolerant taxa have long dominated reaches of the 

Pecos River salinized by water development in the 

late 19th and early 20th centuries (Davis 1980, 

1987; Linam and Kleinsasser 1996; Hoagstrom 

2003), and the diminished diversity of fishes 

documented in the last several decades suggests 

that the Lower Pecos has experienced pronounced 

biotic homogenization caused by reduced flows 

and salinization (Cheek and Taylor 2016). In the 

Edwards Plateau portion of the river, diversity of 

fish and macroinvertebrate assemblages recovers 

somewhat, thanks to replenished flows and 

reduced salinity. 

Metrics of trophic diversity of consumers, such 

as food-chain length, are substantially lower in the 

Lower Pecos within the Permian Basin compared 

to food webs in river reaches of the Middle Pecos 

and in the Edward Plateau region (East et al. 2017). 

This is in line with expectations for rivers 

experiencing diminished flows and salinization. 

Sabo et al. (2010) showed that food chain length in 

streams is strongly negatively associated with 

number of zero-flow days, probably due to loss of 

large-bodied, piscivorous fish. Decreased trophic 

diversity across levels is expected with salinization 

as taxa within trophic guilds are eliminated (Hart 

et al. 1991; Bailey et al. 2006). In the Permian 

Basin section, flow reduction and salinization have 

filtered the functional diversity of consumers such 

that the winnowed-down assemblages contain 

only the most resistant taxa, which tend to be 

trophic generalists (Davis 1987). Reduced 

functional diversity among fishes and benthic 

macroinvertebrates potentially makes food webs 

in these reaches more vulnerable to further 

environmental disturbance (Olden et al. 2004). As 

with basal resource diversity, tributary 

confluences are sites of increased consumer 
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diversity for Lower Pecos food webs, and spring 

inputs appear to promote longer food chains with 

a more diverse array of trophic guilds (Figure 3; 

East et al. 2017).  

 

Macroinvertebrate trophic groups 

In the Permian Basin portion of the Pecos 

River, benthic macroinvertebrate assemblages are 

generally dominated by salt-tolerant collector-

gatherers. Davis (1980) found that the salt-tolerant 

assemblages of generalist feeders in this section of 

the Lower Pecos persisted largely on seasonally 

abundant decaying aquatic vegetation. 

Salinization has apparently eliminated benthic 

invertebrate taxa with low salt tolerance, such as 

mayflies and riffle beetles, from many reaches 

(Davis 1980). Less tolerant taxa that represent a 

broader array of functional feeding groups 

elsewhere in the Pecos River are absent or rare 

within the Permian Basin. For example, algae-

scraping larvae in the family Psephenidae (water-

penny beetles) and Elmidae (riffle beetles), 

predators in family Naucoridae (creeping water 

bugs) and Gomphidae (club-tailed dragonflies), 

and fine particulate organic matter filtering 

mayflies in the genus Thraulodes are rarely 

encountered in Lower Pecos surveys within the 

Permian Basin, though they are commonly present 

in other reaches (Davis 1980; Delaune 2020). 

Shredding macroinvertebrates as a whole appear to 

be rare in the main-stem Lower Pecos, though the 

guild is often represented by aquatic moth larvae 

in the family Pyralidae at perennial tributary 

confluences (Davis 1980; Delaune 2020). 

High proportions of taxa within the collector-

gatherer functional feeding group are common in 

dryland river benthic assemblages (Bogan et al. 

2013; Leiva et al. 2020), but relatively strong 

dominance by this group observed in the Permian 

Basin section of the Pecos River is characteristic 

of food webs in degraded streams (Barbour et al. 

1999). This reduced trophic diversity follows 

expectations from studies of food webs in other 

altered rivers. Dams, and the associated blockage 

of upstream coarse particulate organic matter 

inputs (Ward and Stanford 1983), often lead to 

absence of shredders downstream (Mendoza-Lera 

et al. 2012; Tornwall and Creed 2016), though the 

importance of shredders in the main-stem Pecos 

within the sparsely forested Permian Basin may 

have been relatively low prior to dam 

development. Increased intermittency has also 

been associated with reductions of scrapers in 

other river systems (Price et al. 2003; Grubbs 

2011). River salinization has elsewhere coincided 

with loss of scrapers and shredders in favor of 

dominance by collector-gatherers (Marshall and 

Bailey 2004; Piscart et al. 2006), and scrapers and 

shredders tend to be the feeding groups most 

sensitive to high salinities in temperate systems 

(Castillo et al. 2018). Functional homogenization 

of benthic macroinvertebrate assemblages in the 

salinized Lower Pecos reaches potentially 

threatens ecosystem function via changes in 

primary and secondary production, nutrient 

cycling, and organic matter processing (Bailey et 

al. 2006; Schäfer et al. 2012). 

Tributaries and spring inputs of the Lower 

Pecos appear to be critical for maintaining regional 

benthic macroinvertebrate diversity. Where these 

influences add fresh discharge and food resources 

and increase physical habitat heterogeneity, the 

taxonomic and functional diversity of benthic 

macroinvertebrate communities increases in the 

Lower Pecos mainstem (Delaune 2020). Spring-

fed tributaries of the Lower Pecos harbor unique 

benthic macroinvertebrate diversity. For example, 

in the Permian Basin, the federally endangered 

Texas hornshell Popenaias popeii is only known 

to occur in an approximately 14-km reach of the 

Black River (Lang 2001). Salinization and other 

habitat changes associated with reduced water 

quality and quantity apparently prevent its 

occurrence in the Lower Pecos main stem within 

the Permian Basin (Randklev et al. 2018).  
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Fish trophic groups 

Lower Pecos fish assemblages in the Permian 

Basin are dominated by a few salt-tolerant species, 

most of which are nonnative (Hoagstrom 2003, 

2009; Cheek and Taylor 2016). Nonnative, 

euryhaline species are known to have negative 

interactions with the native Pecos fish fauna. For 

example, extensive hybridization with exotic 

Sheepshead Minnow Cyprinodon variegatus has 

led to local extirpations of pure Pecos Pupfish C. 

pecosensis (Wilde and Echelle 1992). 

Establishment of nonnative Gulf Killifish 

Fundulus grandis has also been associated with 

declines of native Plains Killifish Fundulus 

zebrinus (Cheek and Taylor 2016), and predation 

by Gulf Killifish is considered a threat to 

remaining nonhybrid Pecos Pupfish populations 

(TXFWCO 2014; Vaughan et al. 2016).  

Remaining fish species in most of the main 

stem are small-bodied invertivores (Rainwater 

Killifish Lucania parva, Inland Silverside Menidia 

beryllina), which feed on available salt-tolerant 

aquatic invertebrates and terrestrial insects, and 

algivore-detritivores (hybrid pupfish Cyprinodon 

spp.). Native piscivores, such as Largemouth Bass 

Micropterus salmoides and Longnose Gar 

Lepisosteus osseus, are absent from highly 

salinized reaches, but adult, nonnative Gulf 

Killifish appear to be piscivorous in these food 

webs, feeding mostly on juvenile conspecifics and 

hybrid pupfish. Interestingly, Vaughan et al. 

(2016) showed that the diet of Gulf Killifish in this 

invaded Permian Basin system contained much 

higher proportions of fish prey compared to 

studies from their native coastal habitats.  

Reduced trophic diversity in Permian Basin 

fish assemblages follows a common trend for 

altered ecosystems—loss of more functionally 

specialized species (which tend to be more 

sensitive) as habitat degradation progresses 

(Clavel et al. 2011). In the Permian Basin, fish 

assemblages have become functionally 

depauperate (as well as taxonomically 

depauperate), which has probably further altered 

local ecosystem processes (Olden et al. 2004). 

Absence of large-bodied piscivores and 

insectivores, such as Largemouth Bass and Rio 

Grande Blue Sucker Cycleptus sp. cf. elongatus, 

may have particularly strong ecosystem effects 

because extirpation of large-bodied fishes is 

known to have a stronger impact on food web 

functions, such as nutrient cycling, compared to 

loss of smaller species (McIntyre et al. 2007; 

Séguin et al. 2014). Furthermore, loss of larger-

bodied fishes due to declining water quantity and 

quality also means reduced provision of ecosystem 

services in the form of fisheries for harvest by 

humans. In Red Bluff Reservoir, for example, 

native large-bodied fish species are scarce, and 

stocking of nonnative game species (e.g., Morone 

spp.) has been largely halted due to poor water 

quality and golden algal blooms (Scott et al. 2012). 

The loss of somewhat migratory, native, big-river 

fishes (e.g., Blue Sucker, Neely et al. 2009; Gray 

Redhorse Moxostoma congestum, Hubbs and 

Wauer 1973) has probably also altered food web 

functioning. Fish movements into and out of 

tributaries and across the now disconnected Pecos 

River continuum would have historically resulted 

in broader linkage of food webs and transport of 

resources across the riverscape as has been shown 

in other river networks (Winemiller and Jepsen 

1998; Jardine et al. 2012). In more connected 

systems, large, migratory fishes may have 

disproportionate effects on stream food web 

structure, potentially overriding the influences of 

local environmental conditions (Warfe et al. 

2013). 

For Lower Pecos fish assemblages, trophic 

diversity increases markedly at some tributary 

confluences and in response to fresh spring inputs 

(Figure 3). In the Permian Basin region, the Black 

River and Delaware Creek are areas where 

relatively salt-intolerant species such as 

Largemouth Bass, Green Sunfish Lepomis 

cyanellus, Headwater Catfish Ictalurus lupus, and 
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Flathead Catfish Pylodictis olivaris (larger-bodied 

piscivores); Gray Redhorse and Rio Grande Blue 

Sucker (large-bodied, benthic invertivores); 

Bluegill L. macrochirus and Longear Sunfish L. 

megalotis (medium-sized invertivores); River 

Carpsucker Carpiodes carpio and Smallmouth 

Buffalo Ictiobus bubalus (large-bodied 

omnivores); and Roundnose Minnow Dionda 

episcopa (small-bodied herbivore) may still persist 

(Hoagstrom 2003, 2009; Zymonas and Propst 

2006; Archdeacon and Davenport 2009; Delaune 

et al. 2018), and some of these species are 

commonly present in the main stem at the Black 

River confluence. Fish assemblages in the 

Edwards Plateau portion of the Lower Pecos have 

even higher trophic diversity (East et al. 2017), 

thanks to the addition of more small-bodied 

invertivores (e.g., Proserpine Shiner Cyprinella 

proserpina, West Texas Shiner Notropis 

megalops) and omnivores (Bullhead Minnow 

Pimephales vigilax), specialized benthic 

invertivores (Rio Grande Darter Etheostoma 

grahami), and an expanded array of medium and 

large-bodied invertivores (e.g., Rio Grande 

Cichlid Herichthys cyanoguttatus, Freshwater 

Drum Aplodinotus grunniens) and piscivores 

(Longnose Gar) (Hoagstrom 2003; 2009; Cheek 

and Taylor 2016).  

 

Implications for Conservation and Needs for 

Future Research 

A clear pattern emerges when examining 

spatial variation in food web structure in the Lower 

Pecos: remaining flow and resource inputs from 

fresh springs and spring-fed tributaries bolster 

trophic diversity that has elsewhere been 

substantially diminished. This highlights the need 

to protect, conserve, and restore these critical 

freshwater sources in the region. As outlined by 

Hoagstrom (2009), flow-regime restoration 

measures, such as modifying dam releases and 

improving irrigation efficiency, could potentially 

provide some relief for mainstem Lower Pecos 

ecosystems impacted by salinization. Managing 

flows to restore salt balance would improve 

aquatic consumer and producer diversity, and 

higher flows would also potentially restore 

aquatic-terrestrial linkages, allowing for further 

diversification of basal resources. Landscape 

alteration, especially in association with oil and 

gas development in the Permian Basin, also clearly 

threatens food web integrity, and this is an 

important area for further research. Minimizing 

the expansion of oil and gas infrastructure beyond 

existing development corridors and restoring 

native vegetation in former well pads would likely 

help to protect resources supporting Lower Pecos 

food webs.  

The impacts of flow alteration and salinization 

on food webs are complex, and future research is 

needed to clarify the mechanisms of change in the 

Lower Pecos. Our expectations for impacts of 

salinization on aquatic organisms are generally 

based on basic laboratory salt-tolerance 

experiments, though there is growing recognition 

of the need to investigate salinity in a multi-

stressor context (Hintz and Relyea 2017b; Velasco 

et al. 2019). In reality, producers and consumers in 

Lower Pecos food webs face multiple stressors 

simultaneously, and their sensitivity to salinity and 

other variables likely changes across life stages. 

The potential interaction of salinization with other 

anthropogenic stressors, such as contaminant 

exposure and nutrient enrichment, certainly merits 

further attention. The influence of salinization and 

reduced discharge on pathogens and parasites in 

the Lower Pecos is also unclear. Clarification of 

these interactions under current conditions and in 

relation to projected environmental change would 

be helpful in guiding conservation and restoration 

practices in the Lower Pecos.  
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