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Executive Summary 

 The diets of both the Allegheny Crayfish (Orconectes obscurus) and the Rusty 

Crayfish (Orconectes rusticus) varied among our sampling sites.  This was confirmed by 

both stomach content analysis and stable isotope analysis.  However, there were 

similarities among the sites such that insects were the preferred food type.  In fact, at 

one of our sampling sites we found nothing in the stomachs of crayfish except insects.  

There were 29 taxa of insect prey identified in crayfish stomachs across all six sampling 

sites, with the southernmost sites in the river demonstrating highest insect prey 

diversity.  Mayflies appeared to be the preferred insect prey of crayfish, especially 

members of the Baetidae and Heptageniidae; common mayfly genera present in the 

stomachs included Leucrocuta, Anthopotamus, and Maccaffertium.  Most surprisingly, 

we observed many specimens of insects wholly intact within the crayfish stomachs, 

despite what appeared to be a gauntlet of mandibles and the gastric mill.  This led us to 

hypothesize that there must be an unreported “slurping” behavior involved in crayfish 

consumption of this prey. 

 Both crayfish species also preyed upon snails in the river.  However, Rusty 

Crayfish demonstrated higher mean predation rates on Physa acuta than did the 

Allegheny Crayfish.  In the lab, Rusty Crayfish conspicuously favored smaller-bodied, 

softer-shelled snails like P. acuta and Leptoxis carinata, particularly in comparison to 

Pleurocera virginica, a snail species with a thicker, larger shell.  Our findings suggest 

that this selective predation on snails by Rusty Crayfish could significantly alter 

gastropod communities in the river.  (More details on these findings are highlighted in 

the separate report submitted by Sean Reese, Bucknell University.) 

 While we could not measure crayfish predation pressure directly on Smallmouth 

Bass nests due to high and turbid water during the spawning seasons, our proxy 

experimentation using trap arrays indicated that predation pressure by crayfish varied 

greatly between river locations.  Twice as many crayfish were captured in high crayfish 

density sites versus at low density sites, suggesting that bass in these areas would work 

considerably more to defend their nests from marauding crayfish attempting to consume 

bass eggs.  



 We designed, built, and field-tested a crayfish density device (CDD), and in 

conjunction with a sampling protocol that we also developed, obtained reliable and 

repeatable estimates of crayfish density.  Crayfish density tended to increase in a 

downstream direction in the Susquehanna River, and in one individual CDD sample we 

collected 30 crayfish/m2. Interestingly, we found no statistically significant relationship 

between crayfish density in the river and crayfish relative abundance (estimated using 

baited crayfish traps). 

 Crayfish were a common prey for Smallmouth Bass in the Susquehanna River, 

and stable isotopes indicated diet variation between some of the sites.  Crayfish 

dominated bass diet at all six sampling sites, but seemed to increase in importance 

moving downstream (into higher crayfish density areas).  Our data suggest that crayfish 

were a larger dietary component at sites where Rusty Crayfish occurred, even when the 

density and relative abundances of rusties were low.  This led us to hypothesize that 

perhaps there was a behavioral component of Rusty Crayfish that contributed to their 

consumption by bass (e.g., an antagonistic response to predators). 

 Finally, the condition of Smallmouth Bass in the river, estimated by their relative 

weight (Wr), varied considerably among the sampling sites.  The average Wr at most of 

the sampling sites fell short of the recognized standard for Smallmouth Bass, and most 

of the individual fish at the sites were also substandard.  Anecdotally, at one of the sites 

we made field notes that the fish there obviously looked “skinny.”  However, a general 

longitudinal pattern evident in fish condition led us to investigate a relationship between 

crayfish abundance and bass condition.  Our investigation revealed a significant positive 

relationship between Smallmouth Bass condition and crayfish relative abundance, such 

that areas with more crayfish seem to produce more robust bass.  It seems that an 

invasive species of crayfish is enabling an introduced fish species in the Susquehanna 

River. 

 

 

 

 

 



Introduction 

Invasive aquatic species abound in the Susquehanna River (Mangan 2002).  The 

distribution and relative abundance of one of these invasives, the Rusty Crayfish (O. 

rusticus), has been defined and delineated by Mangan (unpublished data).  During 

surveys performed during the summers of 2008 and 2013, 10 X 10 grids of 100 baited 

wire traps were set at each of 11 locations from the New York border to just north of 

Harrisburg (Mangan et al. 2009a, Mangan et al. 2009b).  Rusty Crayfish were found in 

the lower, middle, and upper portions of the Susquehanna.  In some locations, 

particularly in 2013, the abundance of this crayfish was astonishing, and the 

implications for the ecology of the river are only beginning to be understood (Mangan 

and Bilger 2012).  For example, at the first location sampled south of Sunbury, 

Pennsylvania, we collected more crayfish at that site than all of the other sites combined 

during the 2008 survey.  One trap alone had 80 crayfish inside and another had over 

60.   

Unfortunately, these measured abundances are poor proxies for actual 

measurements of crayfish density, and a method for determining that population metric 

in rivers like the Susquehanna is much needed.  Crayfish density estimates have 

advantages over abundance estimates in that they provide a standard measure by 

which to judge populations between locations.  Density estimates also provide greater 

insight into possible competition, predation, and other interactions among members of 

ecological populations and communities.  While some researchers have investigated 

methods for quantitatively estimating crayfish populations, there remains significant 

room for improving these methods, particularly in large lotic waterways (Rabeni 1985, 

Larson et al. 2008).  

Rusty Crayfish have been reported to significantly alter the ecology of water 

bodies.  Wilson et al. (2004) demonstrated that Rusty Crayfish in a Wisconsin lake 

decreased the numbers of fish they shared prey with, as well as the abundances of 

snails, various insects, native crayfishes, and the species richness of submerged 

macrophytes.  A study on a Michigan stream revealed that this species of crayfish had 

both direct and indirect effects on periphyton and macroinvertebrate densities 

(Charlebois and Lamberti 1996).  In a study of a lake-outflow stream, Bobeldyk and 



Lamberti (2010) showed indirect effects on higher trophic levels such as fish through 

crayfish induced declines on invertebrates and detritus.  Furthermore, fish egg predation 

by Rusty Crayfish, competition with fish for macroinvertebrate prey, and alteration of 

habitat through the consumption of aquatic plants, could have deleterious effects of fish 

populations (Dorn and Mittelbach 1999, Horns and Magnuson 1981). 

Smallmouth Bass abundance, growth, and nesting success have been linked to 

many environmental variables, including the presence and abundance of invasive 

crayfish.  Brewer and Rabeni (2011) demonstrated that landscape features were related 

to the abundance of riverine Smallmouth Bass.  Others have shown that stream size 

and channel-unit size were the primary determinants of Smallmouth Bass densities in 

streams (Dauwalter et al. 2007). Kreps (2009) showed that the presence of Rusty 

Crayfish as prey can have a differential effect on the growth of Smallmouth Bass such 

that larger bass will benefit (grow) with this species present, but smaller bass would not.  

Baldridge and Lodge (2013) identified higher rates of nest abandonment by Smallmouth 

Bass in lake areas with higher crayfish densities.  Alternatively, some researchers have 

reported no effects of native or introduced crayfish species on fish densities in 

temperate streams (Degerman et al. 2006).  These mixed findings suggest species and 

water body specificity are linked to effects and call for additional research on the 

crayfish impacts on fish populations.  Information regarding species interactions and 

their population metrics is needed to better inform risk assessments and management 

activities on waterways threatened by invasive crayfish (Lodge et al. 2012).  As a result 

of the question of the interaction between crayfish and fish, the reported declines in 

Smallmouth Bass in the lower Susquehanna River, the need for a method to measure 

crayfish densities in large water bodies, and the paucity of studies investigating crayfish 

effects on large rivers like the Susquehanna, a project such as ours was both timely and 

needed.   

In this study we investigated the diets of crayfish and Smallmouth Bass in the 

Susquehanna River, and developed of a method and protocol to measure crayfish 

density in wadable rivers.  Additionally, we explored the predator-prey relationship 

between bass and crayfish, as well as the relationship between the relative abundance 

of crayfish measured with baited traps and crayfish density measured with our method.  



This report addresses our findings from this study, and tracks the three general 

objectives and their associated hypotheses posed in our grant proposal.  It also includes 

information from two recommendations made by reviewers to the proposal (which we 

combined into one objective). 

The specific objectives/recommendations and hypotheses included in our proposal 

were to: 

1. determine the diet of crayfish in the Susquehanna River,  

a. H1: The diet of crayfish in areas of the Susquehanna River where they 

occur at high density will differ from the diet of crayfish in low density 

areas. 

b. H2: Rusty crayfish at high densities can decrease snail populations in the 

Susquehanna River.  (Note: This research is addressed in a separate 

report submitted by Sean Reese, Bucknell University.) 

2. determine if crayfish are affecting nesting success of Smallmouth Bass in the 

river, 

a. H1: Smallmouth Bass nests in high-density crayfish areas are less 

successful than those in low density area. 

b. H1A: Does capture success in trap arrays differ between areas of high 

crayfish density vs. low density, and does the presence of a faux bass 

deter crayfish from pursuing prey. 

3. develop a method for measuring crayfish density in the river, and 

4. determine the diet of Smallmouth Bass in the river by gastric lavage and stable 

isotope analysis.   

 

Methods 

Study Area 

 Our study area along the Susquehanna River ranged from the PA Fish and Boat 

Commission (PAFBC) Apple Tree Boat Launch at Harding, PA (River Mile 202) to the 

PAFBC Halifax Boat Launch at Halifax, PA (River Mile 92).  Two of our six sites were 

private boat launch areas, while all the remaining sites were PAFBC launch sites.  The 



remaining four sites were at river miles 174 (Union Launch), 166 (Bell Bend private 

launch), 122 (Sunbury Launch), and 115 (Boile Run private launch). 

 The six sampling sites used in this study were a subset of the 11 sampling sites 

used in Mangan’s previous crayfish surveys.  All six sites were near boat launches to 

provide equipment access to the river.  The three upriver sites represented areas of 

historically low crayfish abundance, while the three downriver sites were considered 

high abundance crayfish areas.  Rusty Crayfish (O. rusticus) occurred at the site 

farthest upriver, and the three downriver sites.  The two remaining upriver sites are 

home to Allegheny Crayfish (O. obscurus). 

  

Crayfish Diet 

 Crayfish diet was determined by analysis of stomach contents of preserved 

specimens collected in 2013 and 2015.  Unfortunately, the stomach contents of the 

specimens collected in 2013 did not preserve well, and the contents present could not 

be identified beyond the category of detritus.  Furthermore, because these crayfish were 

captured in traps deployed in the river for 48 hours, the stomach contents of many 

(most?) specimens likely digested before preservation.  Therefore, our stomach content 

results rest primarily on crayfish collected by hand and immediately preserved during 

the summer of 2015.   

There was a significant learning curve in determining the best way to remove 

crayfish stomachs (primarily the cardiac stomach with gastric mill).  However, with 

perseverance a technique for this was developed by Mike Bilger, and he was able to 

teach it to some of the undergraduates working with him on the project.  Subsamples of 

the 1,400 crayfish collected by Mangan during the 2013 survey were dissected first, 

followed by the samples of at least 42 crayfish from each of six locations collected again 

by Mangan in 2015.  The 2015 crayfish specimens ranged in size from 10-37 mm 

(carapace length) and were a mixture of males and females.  Specimens smaller than 

10 mm proved too difficult to dissect with their stomachs intact.  Macroinvertebrates 

found in the stomachs were identified to the lowest taxon possible. 

 Stable isotope analysis was also used to gain insights into dietary differences of 

crayfish between river locations.  Samples of 10-15 crayfish were collected at each of 



six sampling sites.  Generally, the sampled crayfish carapace lengths ranged from 10-

45 mm and each sample was comprised of both males and females.   Muscle tissue 

was removed from each crayfish, dried at 60 C for at least 48 hours, and sent to Boston 

University’s Stable Isotope Laboratory where they were analyzed for δ13C and δ15N by 

isotope ratio mass spectrometry.  Isotopic results were analyzed by ANOVA, and we 

used the Tukey-Kramer Post-Hoc Test for follow-up multiple comparisons.  Alpha was 

set at 0.05. 

 

Crayfish and Snail Populations 

 This information is submitted as a separate report by Sean Reese, Bucknell 

University.  

 

Crayfish and Nesting Success of Smallmouth Bass 

 Unfortunately, river flow and turbidity during both spring Smallmouth Bass 

spawning seasons were not conducive to completing in situ observations of crayfish 

predation on bass nests.  However, in their stead, we attempted proxy experimentation 

to estimate predation pressure by crayfish and determine if the presence of a bass 

deterred crayfish from approaching a food source.   

 Using baited traps deployed in arrays of eight traps each, ten arrays were 

deployed at each of the six sample sites.  Each array covered an area of about 1.3 m2 

which approximated the size of a Smallmouth Bass nest (Fig. 1).  Five of the arrays had 

a floating faux bass suspended in the water above them, while the remaining five arrays 

did not have bass.  The faux bass were positioned just above the center of the arrays 

and attached to small anchors before and behind them with monofilament line.  This 

arrangement allowed the faux bass to be swayed by river current, with the goal of 

simulating movement by live bass.  The arrays were deployed approximately 10 meters 

apart and parallel to shore in wadable areas, and we alternated between arrays with 

and without faux bass.  Each trap in the arrays was baited, and they were left in the 

river for 24 hours.  Crayfish caught in each trap were preserved and returned to the lab 

for determination of species, size, and gender. 



 Statistical differences in crayfish numbers between arrays with faux bass vs. 

arrays without bass were analyzed using a two-sample t-test (depending on equal or 

non-equal variance of the data).  Alpha was set at 0.05. 

 

Density Measurement Device and Protocol 

 We designed and built a crayfish density device (CDD) for measuring crayfish 

density in wadable rivers (Fig. 2).  Since it was designed for rivers, we used a boat for 

traveling to sample sites, deployment of the CDD, and as a working platform for the 

additional support equipment used in this protocol, e.g., generator and pressure 

washers.   

The CDD is a quadrat sampler comprised of a 1-m2 welded aluminum framed 

basket that is 76 cm tall.  Three sides of the CDD are clad with rigid 3-mm plastic mesh, 

and the fourth side (downstream side) is detachable and frames 3-mm fish netting that 

funnels towards a pipe that is 25 cm long and 10 cm in diameter.  A 3-mm mesh 

detachable net bag is attached to the end of the funnel by friction fitting.  The bottom of 

the CDD frame is lined with compressible foam that that forms itself to the contour of 

river substrate and prohibits the escape of crayfish from the sampler. 

Upon placement of the CDD on the river substrate, our protocol involved the 

careful removal of large stones from inside the delineated area, and raking of the river 

bottom to loosen the substrate.  Any crayfish observed at this stage were picked by 

hand and added to the sample.  Two pressure washer wands were then used to drive 

the crayfish toward the downstream side of the CDD and into the funnel, while 

simultaneously brushing the river bottom with a broom towards the funnel to help with 

this process.  The spraying and brushing of the substrate was done for a five-minute 

period for each sample.  Once sampling was completed, we carefully sorted any 

sediment that had accumulated within the funnel area in front of the net bag.  If crayfish 

were found in this sediment, they were added to the sample. 

Individual 1-m2 areas sampled at a site were randomly chosen from a 50-m2 grid.  

The number of samples taken in a grid was determined by a two-step sampling 

technique or performance curve (Brewer and McCann 1982).  Once the individual areas 

to be sampled were chosen, sampling in the 50-m2 grid area occurred from downstream 



to upstream so that substrate was not disturbed before sampling.  For safety reasons 

when testing this prototype, all sampling was done during daylight hours. 

In addition to measuring density at these sites with the CDD, we also 

simultaneously set the trap arrays mentioned above.  Furthermore, in order to replicate 

the crayfish surveys done by Mangan in 2008 and 2013, we set five lines containing 10 

traps each perpendicular to the river shoreline.  Traps were spaced two meters apart 

along each line, and the lines were spaced 10 m apart.  By simultaneously measuring 

crayfish density, predation pressure, and relative abundance at each of the six sampling 

sites, we could investigate the relationships of these estimates to each other and their 

influence on Smallmouth Bass condition. 

 

Smallmouth Bass Diet 

 We investigated the diet of Smallmouth Bass in the Susquehanna River by 

gastric lavage and stable isotope analysis.  Bass were collected by daytime boat 

electrofishing at each of the six sample sites.  On most days sampling occurred 

between the hours of 1000-1400, depending on the degree of difficulty for collecting our 

goal of 30 bass at each site.  The boat was driven parallel to the shore of the river, 

normally within 10 m of the river bank, and with the river’s current.   

 Bass were collected and stored in an aerated tank onboard the boat until they 

were processed.  Examination of storage tank water indicated that the bass did not 

regurgitate stomach contents before processing.  Each fish was weighed, measured for 

total length, and examined for any signs of lesions, injury, or poor health.  Gastric 

lavage was performed by inserting an acrylic tube (with rounded edges) into the 

stomach of the fish and flushing the contents of the stomach with river water from a 

pressurized tank (garden sprayer with a wand made from automobile brake line).  The 

diameter of the acrylic tube used depended on the size of the fish.  Generally, we used 

the largest tube available that would not harm the bass.  The flushed stomach contents 

were collected in small nets, and were then preserved in vials containing ethanol for 

processing at the laboratory.  Most of the fish were released back to the river.  Stomach 

contents were identified to the lowest taxon possible, and in the case of intact crayfish, 

were measured for carapace length. 



 A subset of the bass sampled at four sites (river miles 202, 174, 115, and 92) 

was collected for dissection and stable isotope analysis.  The dissections provided us 

with muscle tissue for isotopic analysis, and allowed us to gage the efficacy of the 

gastric lavage technique, which was normally better than 95% efficient at most sampling 

sites.  The stable isotope tissue preparation and analysis was done in the same fashion 

described earlier for crayfish. 

 Bass diet was evaluated as percent composition of three prey groups: insects, 

fish, and crayfish.  Additionally, we also took this opportunity to evaluate the condition of 

the bass collected at our sites.  For this we used the relative weight index (Wr) to 

determine the robustness of Susquehanna River bass against a recognized standard 

(Pope and Kruse 2007).  Finally, using linear regression analysis, we analyzed the 

relationship between the number of crayfish sampled at each site and the relative 

weight of the bass.  Once again, alpha was set at 0.05. 

   

Results and Discussion 

Crayfish Diet 

 On average across all six sampling sites, 49% of the crayfish stomachs we 

examined contained food.  The proportion of stomachs with food at the individual sites 

ranged from 27 to 77%, and there was no obvious pattern here related to river position 

or crayfish abundance. (Fig. 3).  It is not known why the majority of the stomachs 

sampled were empty, but we speculate that daytime sampling of the animals could have 

influenced these results.  Since crayfish reportedly prefer to move about and feed after 

dark, it is conceivable that food eaten the night before had already digested.  Additional 

research is required to determine the digestion rates of crayfish, particularly at summer 

temperatures, and if daytime vs. nighttime sampling greatly influences stomach content 

results. 

 Insects were observed in the stomachs of 76% of the crayfish examined across 

all six sampling sites, followed by detritus (32%) and miscellaneous materials (5%, Fig. 

4).  At the individual sites insects were found to occur in 50-100% of stomachs (Fig. 5). 

In general, there again was no real pattern of difference between the low vs. high 



density crayfish sites, but the crayfish stomachs collected at River Mile 122 contained 

only insects.  

 Among all of the sites sampled we identified 29 prey taxa in the stomachs of 

crayfish.  The numbers of taxa at the individual sites ranged from 5 to 17 (Fig. 6).  

Generally, the two downriver sites where the highest crayfish densities and abundances 

occurred also had the greatest diversity of prey consumed. 

 The preferred insect prey at all of the sites sampled were mayflies, particularly 

members of the families Baetidae and Heptageniidae.  Common mayfly genera 

represented as prey included Leucrocuta, Anthopotamus, and Maccaffertium.  What 

was most surprising among our prey findings, however, was our observation that many 

of these prey items were discovered whole and intact within the cardiac stomachs of 

crayfish.  These prey were apparently unscathed by both the mandibles and gastric 

mills of the crayfish, and many of these specimens had all of their tail cerci present.  

Conceivably, it seems as if these prey had somehow been “slurped” whole into the 

crayfish stomachs, a behavior that we have not yet found reported in the literature.  

Given the mobility of mayflies, we can only wonder at the technique used by crayfish to 

find and capture this type of prey. 

 Stable isotope analyses indicated significant crayfish dietary differences between 

the six sampling sites. Mean δ13C values were significantly different between sampling 

locations (F(5,90)=54.5, P<0.001).  Multiple comparison testing indicated that most 

upriver sites differed from most downriver sites.  However, the two sites that were home 

to Allegheny Crayfish did not differ from each other or the next site downriver.  Mean 

δ15N values were also significantly different between sampling locations (F(5,90)=16.6, 

P<0.001).  Two-thirds of these differences were between the site farthest upriver and 

most of the other sites.  These results highlight the need for additional research into the 

isotopic signatures.  While the determination of the sources of isotopic signature 

variation is beyond the scope of this work, knowing that these differences exist along a 

longitudinal gradient of the Susquehanna River is an important first step.  

 

Crayfish and Snail Populations 

 See the separate report submitted by Sean Reese, Bucknell University. 



Crayfish and Nesting Success of Smallmouth Bass 

 At most of the sampling locations there was no statistically significant difference 

between the numbers of crayfish trapped in sampling arrays with or without faux bass 

(P<0.05).  The one site to prove the exception was at River Mile 166 where more 

crayfish tended to be caught in the traps without the sentinel bass.  It is likely that the 

faux bass did not incite enough of a threat to crayfish approaching the trap arrays.  Our 

ongoing investigation of crayfish behavior, particularly response behavior to a perceived 

fish predator, should provide some insight into this relationship. 

 Our arrays revealed, however, substantial variation in potential crayfish predation 

pressure among the sites.  On average, twice as many crayfish were caught per trap 

array among the high density crayfish sites (�̅� = 10.8 crayfish per array) vs. the low 

density sites (�̅� = 4).  The differences in the average numbers of crayfish caught 

between the individual sites were also considerable.  For example, almost 14 times as 

many crayfish were trapped in the arrays at River Mile 115 than those captured at River 

Mile 174.  Arguably, a male Smallmouth Bass defending his nest at the high density 

crayfish sites would need to work significantly more than a bass defending a nest at a 

lower density site.   

 

Crayfish Density 

 The average density of crayfish at the sampling locations tended to increase 

moving downstream (Table 1).  Between river miles 122 and 202, crayfish densities 

ranged from 2.4 to 3.1 crayfish/m2 (except for River Mile 166 where we first tested the 

CDD and varied the protocol by not using a broom during collection).  However, at the 

sites below these locations, densities increased 2-5 fold above the average of the 

upriver sites. 

 One of the individual samples taken with the CDD revealed crayfish densities as 

high as 30 crayfish/m2.  At least half of the specimens were quite small and were buried 

in the substrate.  This subterranean habit likely protects the small crayfish from many 

potential predators, and perhaps, larger crayfish.  We found the remnants of a small 

crayfish in one of the crayfish stomachs we examined, but could not determine if this 

was a case of cannibalism or scavenging. Since sampling was done during daylight 



hours, largely due to operator safety concerns, we think that our results were likely to be 

underestimates because crayfish could see us approaching and flee an area.  This was 

probably also influential in the average size of crayfish captured by the CDD being less 

than those captured by traps or the trap arrays (Table 2). 

 Interestingly, there was no statistically significant relationship between crayfish 

density and crayfish relative abundances measured by either the trap arrays or traps set 

in lines (P=0.27).  This disconnect is due largely to the aforementioned numbers of 

small crayfish captured by the CDD vs. specimens that were trapped.  There was, 

however, a statistically significant relationship between the numbers of crayfish 

captured by arrays and lines (P=0.006, R2=0.87) 

 The CDD and protocol proved to be a reliable and repeatable approach to 

measuring crayfish density in the Susquehanna River.  At most sampling sites the 

confidence intervals for mean density were about ± 1 crayfish (River Mile 92 was the 

exception with samples here much more variable in densities of crayfish measured).  

Frankly, it was an eye-opener to see so many small crayfish captured by the CDD.  Our 

previous crayfish surveys using only baited wire traps did not produce such numbers of 

small crayfish.  We are convinced that the agitation of the river substrate by the 

pressurized water, plus the motions of the spray wands and broom to drive crayfish 

towards the funnel area, were key to the success of the CDD.  That said, estimates of 

crayfish relative abundance or crayfish density can have specific applications based 

upon the questions asked by researchers.  For example, if crayfish were to be assessed 

for their availability as prey for fish, then a trapping technique could be preferred to the 

CDD technique because traps should better estimate crayfish numbers that do not 

incorporate buried specimens in the estimate.  An example of this occurs in the next 

section.  On the other hand, if the research goal is to standardize comparisons of 

crayfish density within or among rivers, then a method like the CDD would be 

preferable. 

 

Smallmouth Bass Diet 

 The number of bass sampled per site by gastric lavage ranged from 40 to 57 fish; 

a total of 282 fish were sampled from all sites.  The proportion of bass at the sites with 



empty stomachs ranged from 0 to 11.4%.  Crayfish were common prey for Smallmouth 

Bass in the Susquehanna River.  In fact, crayfish dominated bass diet at all sites, but 

their importance as prey generally increased moving downstream (into areas of 

increased crayfish abundance), while the importance of insects in the diet decreased 

(Fig. 7, Table 3).  Curiously, crayfish seemed to comprise more of the bass diet at sites 

where Rusty Crayfish occurred.  Also, the average length of the sampled bass 

increased at each site moving downstream (Fig. 8). Therefore, in order to decrease the 

possible influence of this increasing downriver trend in fish size, a subsample of bass 

between 300-400 mm was taken from the total sample at each of the six sites and 

analyzed separately. As a result, and not surprisingly, the composition of crayfish in the 

diet of larger bass using these data increased significantly at the upriver locations, and 

the insect composition decreased significantly, but the overall pattern remained (Fig. 9, 

Table 4).  And crayfish seemed to dominate bass diet more at sites that were home to 

Rusty Crayfish. 

However, neither Rusty Crayfish density nor relative abundance at all sites 

explained the domination of rusties in the bass diet.  For example, at River Mile 202, the 

uppermost site and a site with rusties, the density and relative abundance of rusties at 

this site were mere fractions of the same at the downriver sites with rusties.  Therefore, 

we began to suspect that some component of Rusty Crayfish behavior could contribute 

to their consumption by bass (e.g., greater tendency for territorial exploration that puts 

them in harm’s way, overall aggressiveness with a decreased inclination to seek cover, 

or an antagonistic response to predators). Additional research is needed to determine if 

crayfish species or behavior contributes significantly to successful feeding by 

Smallmouth Bass, and the Mangan lab is actively pursuing that line of questioning. 

Stable isotope analyses indicated significant dietary differences for Smallmouth 

Bass between the four sites sampled. Mean δ13C values were significantly different 

between sampling locations (F(3,66)=133.8, P<0.001).  Multiple comparison testing 

indicated that only the two upriver sites were similar; all other possible comparisons 

differed significantly (P<0.05).  Mean δ15N values were also significantly different 

between sampling locations (F(3,66)=6.2, P<0.001).  However, the only site differences 

indicated by post-hoc testing were between rivers miles 202 and 115, and 202 and 92.  



As with the stable isotope results for crayfish diet, these results highlight the need for 

additional research into the isotopic signatures to better understand prey consumption 

contributing to longitudinal differences among the sites. 

 Bass condition at the sites varied considerably.  Average relative weights (Wr) at 

most sites fell below the recognized standard for Smallmouth Bass (Fig. 10).  Most of 

the fish at most of the individual sites were also substandard (Fig. 11).  In fact, at River 

Mile 174 we made field notes at that site about how the fish there obviously looked 

“skinny,” and not one of the 41 bass sampled there met the standard for Smallmouth 

Bass. 

 There was, however, a general longitudinal pattern evident in Figure 10, which 

led us to investigate a relationship between crayfish abundance and Smallmouth Bass 

condition.  A plot of crayfish abundance (crayfish totals from trap arrays) and bass Wr 

verified that relationship (Fig. 12).  This regression model indicated that average relative 

weight of Smallmouth Bass at our six sampling sites in the Susquehanna River was 

strongly related to the relative abundance of crayfish, and in that model crayfish 

abundance accounted for the great majority of the variation in Wr (P = 0.01, R2 = 0.82).  

It seems that an invasive species of crayfish is enabling an introduced fish species in 

the Susquehanna River. 

 

Conclusion and Future Research 

 It is evident why crayfish are often referred to as keystone species.  Crayfish in 

the Susquehanna River are operating as both a prey and predator, and in some cases 

as with Smallmouth Bass, could be in reciprocal predator-prey relationships (Baldridge 

and Lodge 2013). 

 We have demonstrated that crayfish diets vary, but that insects are a significant 

cornerstone of that diet, especially mayflies.  The fact that they are consuming some of 

their prey whole was a complete surprise to us, particularly in light of those portions of 

their anatomy that appear to be devoted to masticating and grinding their food.  It is also 

alarming that the selective predation pressure of large numbers of crayfish could alter 

communities of organisms in the Susquehanna River such as gastropods.   



 The Rusty Crayfish can occur in startling densities, and the crayfish density 

device and protocol that we have developed can reliably measure crayfish density in 

wadable rivers like the Susquehanna.  But we have also shown that the measure of 

crayfish density by this method does not reliable predict crayfish relative abundance 

estimated from baited traps, and this is important information for researchers exploring 

the influence of crayfish in lotic systems. 

 Smallmouth Bass diets also vary within the river, but crayfish, at least during the 

summer months, are a staple for the bass.  It appears that the bass are benefiting from 

an abundance of crayfish, but it is difficult to escape the irony that an introduced species 

of fish is enabled by an invasive species of crayfish. 

 As with most research, the numbers of questions arising from the data equal or 

surpass the number of answers.  Future research should attempt to address in situ 

predation pressure by crayfish on bass nests in the river, and possible behavioral 

differences in crayfish species that contribute to their consumption (or not) by fish 

predators.  Additionally, it would be prudent to document prey resources (e.g., 

gastropods and other macroinvertebrate communities) in areas not yet invaded by 

Rusty Crayfish, and those areas already invaded but not yet reaching high densities, to 

confirm the ecological impacts of this crayfish on those communities.  
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Fig. 1.  The array of baited wire traps used to estimate crayfish predation pressure and 

bass deterrence of crayfish in the Susquehanna River, 2015. 

 

 

 

Fig. 2.  Crayfish density device designed to measure crayfish density in wadable areas 

of the Susquehanna River. 

 



 

 

Fig. 3.  Proportion of crayfish stomachs containing food from six sites along the 

Susquehanna River, 2015. 

 

 

 

Fig. 4.  Proportion of food types consumed by crayfish across all six sampling sites 

along the Susquehanna River, 2015. 

 



 

 

Fig. 5.  Proportion of crayfish stomachs containing each of three prey categories at six 

sampling sites along the Susquehanna River, 2015. 

 

 

 

Fig. 6.  Numbers of prey taxa identified in the stomachs of crayfish collected at six sites 

along the Susquehanna River, 2015. 

 



 

 

Fig. 7.  Proportion of Smallmouth Bass diet comprised of crayfish at six sampling 

locations along the Susquehanna River, 2015. 

 

 

Fig. 8.  Average total length of Smallmouth Bass collected at six sampling locations 

along the Susquehanna River, 2015. 

 



 

Fig. 9.  Proportion of 300-400 mm (total length) Smallmouth Bass diet comprised of 

crayfish at six sampling locations along the Susquehanna River, 2015. 

 

 

Fig. 10.  Average relative weights of Smallmouth Bass collected at six sites along the 

Susquehanna River, 2015.  The dashed lines indicate the accepted standard 

size for bass. 

 

 

 



 

 

Fig. 11.  Relative weights of individual Smallmouth Bass collected at six sites along the 

Susquehanna River, 2015.  The dashed lines indicate the accepted standard 

size for bass. 

  

 

 

 



 

Fig. 12.  Linear regression of crayfish abundance (totals from trap arrays) vs. 

Smallmouth Bass relative weight (Wr) from six sites along the Susquehanna 

River, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1.  Average density, density range per 1-m2 sample, standard deviation and error, 95% confidence 

interval, and the number of 1-m2 samples taken at each sampling site along the Susquehanna 

River using the crayfish density device, 2015. 

 

 

Table 2.  Average carapace lengths (mm), length ranges, standard deviations and errors, total numbers 

of crayfish captured, and numbers of males vs. females, from density samples collected by 

crayfish density device along the Susquehanna River, 2015. 

River Mile Avg. Length 
Length 
Range SD SE N M/F 

202 17.7 9.4 - 33.3 7.8 1.74 20 11/9 
174 17.9 6.1 - 30.1 7.3 1.01 53 21/32 
166 -- -- -- -- -- -- 
122 15.2 10.5 - 30 4.18 0.64 42 22/20 
115 14.8 8.1 - 34.1 6.5 0.61 117* 59/59 
92 14.3 7.1 - 35.5 5.57 0.38 214* 102/114 

-- indicate specimens not collected at this site; * indicate some crayfish escaped measurement. 

 

Table 3.  Percent composition of crayfish, fish, and insects in the diet of Smallmouth Bass of all lengths 

collected from the Susquehanna River, 2015. 

River Mile 202 174 166 122 115 92 

% Crayfish 79.0% 56.7% 58.5% 76.8% 84.6% 96.7% 
% Fish 5.9% 22.6% 9.8% 16.8% 12.6% 3.3% 
% Insect 15.1% 18.3% 31.7% 6.4% 2.9% 0% 

 

 

Table 4.  Percent composition of crayfish, fish, and insects in the diet of Smallmouth Bass 300-400 mm 

long (total length) collected from the Susquehanna River, 2015. 

River Mile 202 174 166 122 115 92 

% Crayfish 97.9% 89.2% 86.1% 89.9% 94.2% 98.4% 
% Fish 0% 9.0% 0% 5.2% 5.7% 1.6% 
% Insect 1.8% 1.2% 13.9% 4.9% 0.1% 0% 

 

River Mile 
Avg. 

Density Range SD SE 95% CI N 

202 2.4 0-5 1.6 0.51 1.13 10 
174 3.8 1-8 2.5 0.64 1.39 15 
166 0.8 0-2 0.9 0.23 0.47 15 
122 3.1 1-8 2 0.52 1.12 15 
115 8.1 4-14 2.3 0.58 1.21 16 
92 16.1 5-30 7.5 1.94 4.14 15 



Appendix A: Metrics 
 
Undergraduate Student Support: 
King’s College Students   Degree   Status 
 Samuel Hollock   Env. Science  Graduated Spring 2016 

Amanda Klass   Env. Studies  Senior 
 Alexander Krispin  Env. Studies  Senior 
 Peter Lange   Env. Science  Junior 

Ryan Longenberger  Env. Studies  Graduated Spring 2016 
 Thomas Mangan  Env. Science  Graduated Spring 2016 
 Kimberly O’Hop   Env. Studies  Senior 
 Benjamin Siegel   Env. Engineering Sophomore 
Susquehanna University   Degree   Status 
 David Huntzberry  Biology   Senior 
 Jared Koval   Biology   Senior 

Erin McKeown     Biology   Graduated Spring 2016 
Bucknell University   Degree   Status 
 Edward Carrington III  Biology   Graduated Spring 2016 
 Sean DuBois   Biology   Junior 
 
Faculty and Staff Support: None 
 
Publications:  
King’s College 

The following posters were presented by students at the 2015 Susquehanna River Symposium 
and the 2016 Northeast Fish and Wildlife Conference: 

o The Diet of Smallmouth Bass at Six Sites Along the Susquehanna River 
Amanda Klass, Samuel Hollock 

o A Device and Protocol for Measuring Crayfish Density in Wadable Rivers 
Thomas Mangan, Benjamin Siegel 

o Does Crayfish Density Predict Trapping Success? 
Alexander Krispin, Ryan Longenberger 

Bucknell University 
The following poster presentation was given by students at the 2015 Susquehanna River 
Symposium: 

o Potential Impacts of the Invasive Rusty Crayfish (Orconectes rusticus) on the Native 
Gastropod Communities of the Susquehanna River 
Edward Carrington, Sean DuBois 

 
Volunteer Hours: N/A 
 
Public and Professional Presentations and Attendees: 
Susquehanna University 

The following talk was given by Michael Bilger at the 2016 Technical Meeting of the PA Chapter 
of the American Fisheries Society: 

o The Diet of Crayfish in the Susquehanna River: A Preliminary View, Susquehanna 
University, February 11-12, 2016, approximately 100 in attendance from both days. 

Project Collaborators: N/A 



Appendix B: Accomplishment Statement 
 
Title: Rusty Crayfish and Smallmouth Bass in the Susquehanna River: Who’s Eating Whom? 
 
Collaborators: 
Brian P. Mangan, Ph.D., PI     Michael Bilger, M.S. Co-PI 
Professor/Director      Research Scientist 
King’s College       Susquehanna University 
Environmental Program/ Susquehanna River Institute  RK Mellon Freshwater Initiative 
133 N. River St.       514 University Avenue 
Wilkes-Barre, PA 18711      Selinsgrove, PA 17870 
 

Sean P. Reese, M.S. Co-PI     Robert H. Michener, M.S. Co-PI 
Aquatic Biologist      Laboratory Manager 
Bucknell University      Boston University 
Susquehanna River Initiative     Stable Isotope Laboratory 
One Dent Drive       5 Cummington Mall 
Lewisburg, PA 17837      Boston, MA 02215 
 

Recap: As the invasive Rusty Crayfish expands its range in the Susquehanna River, and state agencies 
charged with managing this resource and its fauna struggle to better understand the workings of this 
system, reliable ecological information is needed to guide decision-makers towards the best sustainable 
outcomes for all involved. 
 
Relevance: A reported decrease in the abundance of Smallmouth Bass in the lower Susquehanna River 
has led to a drive by the PA Fish and Boat Commission to encourage the PA Department of 
Environmental Protection to label the river as impaired.  Researchers have posited that one factor in the 
decline of bass could be the impact the invasive Rusty Crayfish, and information is needed to understand 
the ecological footprint of this species, as well as the interactions between bass and crayfish in the river. 
 
Response: Pennsylvania Sea Grant provided faculty from four universities an opportunity to align their 
research efforts to better understand what crayfish and bass were eating in the Susquehanna River, to 
estimate the effects of large numbers of crayfish on bass reproduction and populations of certain prey, 
and to design and construct a reliable device and protocol to measure crayfish density.  Additionally, 
these researchers were also able to use this opportunity to train over a dozen undergraduate students 
in aquatic ecology research.  
  
Results: This research described the diets of crayfish and Smallmouth Bass in the Susquehanna River, 
developed a device and protocol for measuring crayfish density, and revealed the extent of the selection 
pressure that large numbers of crayfish could impose on macroinvertebrates and bass eggs, while 
simultaneously and positively contributing to the condition of bass in the Susquehanna River.  These 
results have implications for the management of Smallmouth Bass in the river, particularly in light of the 
ongoing spread of the invasive Rusty Crayfish throughout the Susquehanna, and during a time when the 
overall health of the river has been questioned by management agencies such as PA Fish and Boat 
Commission and PA Department of Environmental Protection.   


