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Abstract 14 

Lake sturgeon Acipenser fulvescens were once abundantly distributed throughout the Laurentian 15 

Great Lakes. However, widespread overharvest and habitat degradation has diminished their 16 

numbers. The lower Niagara River contains one of the few remnant lake sturgeon populations in 17 

New York State. This study determined the diet of adult lake sturgeon and quantified their 18 

trophic position in a non-native species dominated food web. Stomach content analysis assessed 19 

recent diet and stable isotope analysis (δ
15

N and δ
13

C) of blood and fin tissue quantified trophic 20 

position and carbon source over varying time scales. Two non-native species dominated the diet 21 

of lake sturgeon – the amphipod Echinogammarus ischnus (62% by number) and round goby 22 

Neogobius melanostomus (44% by weight). Stable isotopes revealed that round goby was the 23 

primary contributor to the long-term (i.e. fin) average diet whereas short-term (i.e. blood) diet 24 

was more diverse. In contrast to findings from other systems, adult lake sturgeon in the lower 25 

Niagara River were primarily piscivorous, actively targeting live fish prey. The recovery of this 26 

population is potentially supported by high availability of energetically-rich, but non-native food 27 

resources. 28 

 29 

  30 
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Introduction 31 

 Lake sturgeon are large, long-lived, benthic fish whose range-wide abundance has declined 32 

precipitously over the past century, resulting in their designation as a species of conservation 33 

concern in many U.S. states and Canadian provinces (Peterson et al. 2007). Factors implicated in 34 

this decline include overharvest and habitat loss/degradation (Harkness and Dymond 1961; Auer 35 

1999; Pikitch et al. 2005). The scarcity of lake sturgeon across their range hindered early 36 

research efforts but the species is receiving increased attention as populations recover (Peterson 37 

et al. 2007). However, questions about the basic ecology of the species persist, especially in the 38 

realm of diet and trophic position of adult fish, for several reasons. First, lake sturgeon are 39 

commonly characterized as generalist benthic feeders, however, their actual diet composition 40 

varies greatly from system to system (see Harkness and Dymond 1961; Chiasson et al. 1997; 41 

Beamish et al. 1998; Nilo et al. 2006; Guilbard et al. 2007; Stelzer et al. 2008) and thus may not 42 

be transferrable among systems. Second, many previous diet studies focused exclusively on 43 

juveniles (e.g. Kempinger 1996; Chiasson et al. 1997; Beamish et al. 1998; Nilo et al. 2006) and 44 

may not be representative of adult diets due to ontogenetic shifts (Jackson et al. 2002; Stelzer et 45 

al. 2008). Finally, the ecosystems and food webs of the Great Lakes have been permanently 46 

altered and continue to change in the face of species invasions (Ricciardi 2001; Grigorovich et al. 47 

2003). Just how well lake sturgeon have adapted to these changes and how much their diet has 48 

shifted from their historical diet is poorly understood. Therefore, in order to more effectively 49 

protect and manage this species it is critical to understand the role of adult lake sturgeon in 50 

localized food webs and describe the energy pathways that they utilize. 51 

 The establishment of non-native species can have variable and unpredictable consequences 52 

on ecosystems (Lodge 1993). In the Great Lakes, the establishment of non-native species like 53 
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dreissenid mussels (Dreissena polymorpha and D. rostriformis bugensis) have profoundly 54 

altered the flow of energy by rerouting pelagic production to the benthos (Johannsson et al. 55 

2000). This rerouted energy was sequestered in mussel tissue, unavailable to most native fish 56 

species, until the arrival of another Ponto-Caspian species, the round goby (Neogobius 57 

melanostomus). Adult round goby prey on a diversity of benthic invertebrates including 58 

dreissenid mussels (Ray and Corkum 1997; Corkum et al. 2004; Brush et al. 2012) and now 59 

constitute a new energy pathway for native fish species by facilitating the transfer of energy from 60 

the benthos to top predators (Johnson et al. 2005; Dietrich et al. 2006). It is becoming 61 

increasingly evident that round goby are a growing proportion of the diets of many piscivorous 62 

native fishes including burbot (Lota lota) (Madenjian et al. 2011), lake trout (Salvelinus 63 

namaycush) (Dietrich et al. 2006), smallmouth bass (Micropterus dolomieu) (Steinhart et al. 64 

2004), and yellow perch (Perca flavescens) (Truemper et al. 2006). There could be considerable 65 

benefits, e.g. increased condition (Crane et al. 2015), conferred to native fishes able to take 66 

advantage of this mobilized energy which would have otherwise been sequestered in the benthos.  67 

 The lower Niagara River (LNR) is home to a recovering, remnant lake sturgeon population. 68 

This recovery is occurring in the presence of a benthic community that is dominated by a suite of 69 

non-native species including dreissenid mussels, round gobies, and amphipods 70 

(Echinogammarus ischnus). Greater knowledge of food web structure and the functional role of 71 

lake sturgeon in the LNR are crucial to understanding if the recovery is occurring as a result of 72 

the altered prey base or in spite of it. Further, a reference trophic position for lake sturgeon and 73 

their prey will allow future changes in trophic position or shifts in carbon sourcing to lake 74 

sturgeon to be detected. Thus, a more robust understanding of lake sturgeon trophic position will 75 

enhance and inform management of the species in the face of environmental perturbations and 76 
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may help predict its response to future non-native species introductions (Vander Zanden et al. 77 

1999). 78 

 Characterizing lake sturgeon feeding ecology in an invaded system will broaden our 79 

understanding of the ‘typical’ lake sturgeon diet established by past studies conducted either in 80 

more pristine environments or prior to contemporary species invasions. The objectives of this 81 

study were to (1) document the short- and long-term diet history and (2) estimate the trophic 82 

position of adult lake sturgeon in the LNR and determine their functional role in this altered 83 

ecosystem. To accomplish these objectives we employed stable isotope analysis (SIA) and 84 

stomach content analysis (SCA). SIA is a commonly used technique for assessing trophic 85 

position and relatively long-term (weeks or months) diet history of organisms (Fry 2006) and can 86 

be used to characterize consumer diet at various time scales through the examination of multiple 87 

tissue types. Tissues with quick isotopic turnover, like blood, should be more isotopically similar 88 

to food resources ingested recently (Perga and Gerdeaux 2005). Fin tissue, with its slower 89 

turnover rate (Suring and Wing 2009), should reflect the isotopic composition of the diet over the 90 

preceding weeks or months (Perga and Gerdeaux 2005). In contrast, SCA provides a snapshot of 91 

the most recent diet, representing material ingested within the last few hours. Using these two 92 

techniques concurrently provides a more complete picture of feeding ecology. 93 

Materials and methods 94 

Study Site 95 

 The Niagara River is a 58-km connecting channel between Lakes Erie and Ontario that forms 96 

a portion of the border between the State of New York and the Province of Ontario (Fig. 1). The 97 

river flows northwards from Lake Erie and is divided into an upper and lower portion by Niagara 98 

Falls. Below Niagara Falls, the river carves through the narrow Niagara Gorge for 11 km before 99 
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broadening out at the foot of the Niagara escarpment near Lewiston, NY and continuing another 100 

12 km to Lake Ontario. The river transports considerable sediment into Lake Ontario that settles 101 

out and forms the relatively shallow and sandy Niagara Bar. River depth varies from over 50 m 102 

in the gorge to less than 5 m on the bar. Several eddies along the river are thought to be 103 

important feeding areas for lake sturgeon. 104 

Sample Collection  105 

 All lake sturgeon and prey samples were collected from a 10-km section between the Niagara 106 

escarpment and the mouth of the river in Lake Ontario from May to September 2014-2015. Lake 107 

sturgeon were sampled using a 75-m baited set line anchored at each end, adapted from Thomas 108 

and Haas (1999). Gangions with 12/0 circle hooks baited with alewife (Alosa pseudoharengus) 109 

or rainbow smelt (Osmerus mordax) were placed every 3 m along the setline. Lines were set 110 

overnight in productive back eddy areas or the Niagara Bar to maximize captures. Collected fish 111 

were placed in a sling and anesthetized with a solution of ambient water and tricaine 112 

methanesulfonate (MS-222) that was recirculated over the gills and biological data, including 113 

total length (TL, mm) and mass (to nearest 0.5 kg) were collected. An induction dose of 200 114 

mg/L buffered MS-222 was used initially, followed by a maintenance dose of 87 mg/L.  115 

 Stomach contents were collected from anesthetized fish using gastric lavage methodology 116 

adapted from Haley (1998). A modified 7-L garden sprayer attached to 6-mm outer diameter 117 

aquarium tubing was used to deliver water. The tube was gently inserted into the pharynx, 118 

through the esophagus, and into the stomach. Water was pulsed into the stomach and massaged 119 

out causing the fish to regurgitate water and food particles. Regurgitated contents were collected 120 

on a 500-µm mesh screen and washed into 500-ml sample bottles. Samples were preserved in 121 

10% buffered formalin until laboratory processing. Stomach contents were identified to family 122 

Page 6 of 30

https://mc06.manuscriptcentral.com/cjfas-pubs

Canadian Journal of Fisheries and Aquatic Sciences



Draft

 7

taxonomic level and wet weighed to the nearest 0.01 g.  123 

 Stable isotope samples were collected from two points on all collected fish. Fin tissue was 124 

clipped from the posterior edge of the pectoral fin proximal to the body, in an area of newest 125 

growth and placed into vials and frozen until analysis. Blood samples were collected from the 126 

caudal vein with 3 mL unheparinized vacutainer fitted to a 21-gauge sterile needle then 127 

immediately centrifuged for five minutes to separate the red blood cells (RBC) from the plasma. 128 

Aliquots of RBC and plasma were pipetted into 5 mL microcentrifuge tubes and kept chilled for 129 

transport and frozen for storage. Upon completion of sample collection, fish were supplied with 130 

recirculated freshwater to recover from anesthesia before being placed in a large holding pen 131 

until normal behavior was demonstrated, and then released. 132 

 A variety of organisms, informed by their presence in lake sturgeon stomach contents, were 133 

collected in 2014 to establish the isotopic structure of the Niagara River food web. Benthic 134 

invertebrate species were collected from the same areas of the river as lake sturgeon using a 135 

ponar grab (152 x 152 mm). These samples were picked live and separated by taxonomic group. 136 

Other invertebrates, such as crayfish (e.g. Orconectes spp.) and snails (Elimia spp.), were 137 

opportunistically collected from acoustic telemetry equipment deployed and retrieved from the 138 

river bottom. Preliminary analysis of telemetry data has shown this lake sturgeon population to 139 

be seasonally resident, exhibiting a lake-bound out migration in winter. Therefore, localized 140 

benthic invertebrate sampling should be spatially representative of prey species available to 141 

sturgeon. Round goby were caught using baited minnow traps set overnight and no other fish 142 

species were collected in the traps.  143 

Diet quantification 144 

 Stomach contents were quantified using the following metrics: mean percent number (%N; 145 
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Hyslop 1980), mean percent weight (%W; Hyslop 1980), frequency of occurrence (%O; Hyslop 146 

1980), and prey-specific abundance (%PW; Amundsen et al. 1996). Percent by number and 147 

weight were calculated for each stomach and averaged for each prey type. Prey-specific 148 

abundance is defined as the proportion by weight that prey i constituted among the weight of all 149 

prey items in stomachs that contained prey i. This metric was used to illustrate lake sturgeon 150 

feeding strategy using a technique developed by Costello (1990), then modified by Amundsen et 151 

al. (1996), which plots frequency of occurrence against prey-specific abundance. 152 

Isotope sample processing  153 

 Digestive tracts of invertebrates were allowed to clear by placing them in filtered river water 154 

for 24 h. Then, soft tissue from snails, mussels, and crayfish was removed in preparation for SIA. 155 

Individuals of smaller invertebrate taxa (e.g. Oligochaeta, Chironomidae) were pooled together 156 

to obtain sufficient mass for SIA. A skinless piece of dorsal-lateral muscle tissue was removed 157 

from round goby for analysis. All organisms and lake sturgeon fin tissue was dried at 60° C for 158 

48 h. After drying, individual samples were homogenized with a mortar and pestle and 400-600 159 

µg subsamples were packed into 5 mm x 9 mm tin cups. Red blood cell and plasma samples 160 

were freeze dried for 48 h prior to analysis.  161 

 Isotopic analyses were conducted at the Chemical Tracers Lab, University of Windsor on a 162 

Delta V Advantage IRMS and ConFlo IV gas interface (Thermo Electron Corporation, Waltham, 163 

Massachusetts, USA) equipped with a Costech 4010 Elemental Analyzer (Costech, Santa Clarita, 164 

California, USA). No tissue samples were lipid extracted or lipid corrected, in the manner 165 

proposed by Smith et al. (2015), because mean ± standard deviation C:N ratios were less than 3.5 166 

(3.29 ± 0.15) indicating a low enough proportion of lipids to be inconsequential in analysis (Post 167 

et al. 2007). The amounts of carbon and nitrogen stable isotopes relative to a standard in each 168 
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sample were given using the equation: 169 

(1)   δ�	�‰� = ��		
��
� �		�
��
��⁄ − 1� 	× 	1000 170 

where R is the ratio of 
15

N/ 
14

N or 
13

C/
12

C. The laboratory standard material was Pee Dee 171 

belemnite carbonate for CO2 and atmospheric nitrogen for N2 (Fry 2006).  Precision, assessed by 172 

the standard deviation of replicate analyses of three standards, NIST1577c, internal lab standard 173 

(tilapia muscle, Oreochromis niloticus) and IVA33802174 Urea (n = 63 for all), measured 174 

≤0.19‰ for δ
15

N and ≤0.14‰ for δ
13

C for all the standards. Standards were analyzed every 15
th

 175 

sample and, to assess repeatability, every 13
th

 sample was run in triplicate. Accuracy, based on 176 

the certified values of USGS 40 (n=44) analyzed throughout runs, showed a difference of 0.01‰ 177 

for δ
15

N and -0.06‰ for δ
13

C from the certified value. Instrumentation accuracy checked 178 

throughout the period of time that these samples were analyzed was based on NIST standards 179 

8573 (n = 35) and, 8547 (n = 30) for δ
15

N and 8542 and 8573 for δ
13

C (n = 39 for both). The 180 

mean differences from the certified values were -0.11 and -0.01‰ for δ
15

N and 0.06 and -0.06‰ 181 

for δ
13

C, respectively. 182 

 When drawing comparisons across ecosystems, the singular δ
15

N value of an organism is not 183 

enough to estimate trophic position. This is because the basal nitrogen sources that primary 184 

producers use vary across systems (Rounick and Winterbourn 1986; Cabana and Rasmussen 185 

1996; Vander Zanden et al. 1999) and therefore differences in δ
15

N could either be the result of 186 

food web structure or different baselines. To calculate this baseline, Cabana and Rasmussen 187 

(1996) and Post (2002) advocated for the use of unionid mussels, relatively large and long-lived 188 

primary consumers that integrate temporal isotopic variability from primary producers. In this 189 

study, D. r. bugensis served as that baseline trophic position of 2.0 against which lake sturgeon 190 

fin tissue was compared. Lake sturgeon trophic position was estimated using the equation from 191 
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Vander Zanden et al. (1997): 192 

(2) trophic	position= �δ"#N%&�	'��� − δ"#N(
	�
)��� 3.0⁄ + 2.0 193 

where δ"#N%&�	'��� is the stable nitrogen isotope signature of an organism, δ"#N(
	�
)�� 194 

represents the quagga mussel baseline, 3.0 is the trophic enrichment factor relevant to sturgeon 195 

(Vanderklift and Ponsard 2003), and 2.0 is the trophic position of the baseline organism. Lake 196 

sturgeon fin tissue was used to calculate trophic position because it has the slowest turnover rate 197 

of the sampled tissues and reflects the diet over the longest time period. 198 

 Isotopic mixing models are commonly used to estimate the proportional contribution of prey 199 

(source) items to the tissues of a consumer. However, there are limitations to mixing models 200 

which include: increasing uncertainty with more sources, incorporating variability in isotopic 201 

signatures and trophic enrichment factors, and dealing with unidentified dietary sources. Recent 202 

Bayesian approaches can provide robust estimates and probable solutions despite these 203 

limitations. Therefore, a Bayesian two-element mixing model run by the Stable Isotope Analysis 204 

in R (SIAR) (Parnell and Jackson 2013) package was used to estimate the relative carbon and 205 

nitrogen contributions of source items to each of the three lake sturgeon tissues (RBC, plasma, 206 

and fin tissue). SIAR fits a Bayesian model to the measured isotope values based on a Gaussian 207 

likelihood with a dirichlet prior mixture on the mean. Since the model assumes that the stable 208 

isotopic values for prey sources are normally distributed, normality was assessed using a 209 

Shapiro-Wilk test with a p value of <0.05 indicating statistical significance. The mixing model 210 

accounts for trophic fractionation of each tissue but the exact fractionation values for the three 211 

lake sturgeon tissues have not yet been identified. Therefore, for fin tissue, we used a value of 212 

0.4‰ for δ
13

C (Post 2002; Stelzer et al. 2008) and 3.0‰ for δ
15

N, a value deemed appropriate 213 

for freshwater ammonotelic stenotherms like lake sturgeon (Vanderklift and Ponsard 2003). For 214 
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blood components we used 0.24‰ δ
13

C and 5.17‰ δ
15

N for red blood cells and 0.06‰ δ
13

C and 215 

4.39‰ δ
15

N for plasma, values derived from a controlled feeding study of the catfish species 216 

Pterygoplichthys disjunctivus (German and Miles 2010).  217 

Results 218 

 Sampled lake sturgeon (n = 254) had a mean TL ± standard deviation of 142.0 ± 13.7 cm. 219 

Stomach contents were obtained from 63 fish, 11% (n = 7) of which were empty and excluded 220 

from analysis. The prevalence of empty stomachs (11%) was greater in the summer, compared to 221 

the spring, as water temperatures and, presumably, digestion rates increased. The wet mass of 222 

stomach contents was dominated by two prey items: round goby and amphipods. Round goby 223 

had the largest mean (± SE) percent wet mass of diet contents, 44 ± 6.1%, followed by 224 

amphipods, 39.9 ± 6.0% (Fig. 2). Amphipods, nearly all of which were non-native 225 

Echinogammarus ischnus, had the greatest mean ± SE percent by number, 62.4 ± 4.7%; the 226 

second most prevalent prey item by number was round goby with 23.1 ± 4.4%. Amphipods were 227 

also the most frequently occurring prey item, found in 84% of stomachs. Round goby, 228 

chironomids, and crayfish were the next most common items at 64, 41, and 30%, respectively. 229 

Other prey items included a variety of benthic invertebrates (e.g. Trichoptera, Isopoda, 230 

Ephemeroptera) and fish (e.g. Notropis spp., Centrarchidae), which appeared infrequently in 231 

stomachs and in inconsequential amounts by numbers or mass. The modified Costello plot 232 

showed that these prey groups could be considered rare prey (Fig. 3.). Amphipods were 233 

consumed frequently by nearly all lake sturgeon but their prey-specific index of food importance 234 

was below 10%. In contrast, round goby were consumed by most individuals (90%) and had the 235 

highest prey-specific index of importance (74%). Quagga mussels D. r. bugensis were consumed 236 

heavily by 9% of individuals. 237 
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 The bi-plot of δ
13

C and δ
15

N for lake sturgeon and their prey items showed distinct separation 238 

between organismal groups (Fig. 4). For prey species, filter-feeding D. r. bugensis had the most 239 

negative δ
13

C value (mean ± 95% CI), -24.0 ± 0.5, (Table 1), whereas, amphipods had the least 240 

negative, -20.1 ± 0.4, suggesting greater consumption of benthic food resources than other 241 

organisms. Chironomids and oligochaetes had intermediate δ
13

C values, -21.7 ± 1.3 and -22.0 ± 242 

0.9 respectively, but with large variance. Primary consumers, such as chironomids and 243 

oligochaetes, had δ
15

N values of 7.7 ± 0.5 and 9.1 ± 0.5, respectively. Crayfish (11.2 ± 0.9) and 244 

snails (10.6 ± 0.6) occupied intermediate trophic positions. Round goby had the highest δ
15

N 245 

value, 13.2 ± 0.4, of all prey groups and were isotopically positioned just below lake sturgeon 246 

tissues. All three lake sturgeon tissues had higher mean δ
15

N values than the collected prey, with 247 

no overlap in their 95% confidence intervals. Fin tissue had the highest δ
13

C, -18.9 ± 0.1, not 248 

only among the tissues, but also compared to sampled prey items. It also had the highest δ
15

N, 249 

17.0 ± 0.1, with an estimated trophic position of 4.7. Plasma and RBC had similar nitrogen 250 

values, 15.6 ± 0.1 and 15.2 ± 0.2, respectively, but differed in their carbon values, -21.7 ± 0.1 and 251 

-20.0 ± 0.1, with plasma being more negative. 252 

 Generally, the two-element SIAR mixing model estimated that tissues with faster turnover 253 

rates (diet integrated over a shorter time scale) had more variable and diverse prey contributions 254 

(Fig. 5). Whereas slower turnover rate tissue (fin tissue) was fully explained by round goby 255 

which had a median prey proportion of 98.5%, CI = 96.9-99.4%. Round goby also were an 256 

important diet component in the two blood tissues (plasma and RBC) albeit to a lesser degree 257 

(RBC: 29.4%, CI = 21.1-36.2%; plasma: 37.0%, CI = 24.8-51.3%). All other prey groups had 258 

greater representation in the blood tissues relative to their contributions to fin tissue. Amphipods 259 

were estimated to be the largest component of the diet in red blood cells (54.3%, CI = 48.8-260 
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59.2%) along with a sizable crayfish contribution (11.6%, CI = 1.6-24.9). Plasma tissue showed 261 

the greatest diversity in dietary composition. Most prey groups were represented in plasma 262 

including round goby, snails (35.2%, CI = 5.3-54.9%), and mussels (12.5%, CI = 10.0-30.8%). 263 

The distinct isotopic signatures and mixing model results of the three lake sturgeon tissues were 264 

indicative of differences between short- and long-term diet composition.  265 

Discussion 266 

 Adult lake sturgeon caught in the LNR engaged in piscivory to a degree that is unprecedented 267 

for the species. Much of the early diet literature on this species, conducted on juvenile or sub-268 

adult individuals, suggests that lake sturgeon are generalist benthic invertivores (Kempinger 269 

1996; Chiasson et al. 1997; Beamish et al. 1998; Nilo et al. 2006). Recent diet studies of adult 270 

fish, document higher levels of fish-derived energy than the early literature indicated. One study, 271 

conducted by Stelzer et al. (2008) in Lake Winnebago, Wisconsin, found that dead gizzard shad, 272 

on average, comprised 56% of the wet mass of stomach contents and 37% of the carbon 273 

assimilated. In this case lake sturgeon were taking advantage of an ephemeral food resource by 274 

scavenging gizzard shad remains after a winter die-off (Stelzer et al. 2008). In a second study by 275 

Smith et al. (2016) in the Rainy River, Ontario, estimated that approximately 40% of adult lake 276 

sturgeon diets were derived from fish eggs and <1% from fish (Smith et al. 2016). However, in 277 

both of these studies, lake sturgeon were consuming nonmoving, ephemeral prey items, thus 278 

exhibiting opportunistic feeding behavior that is more typical of lake sturgeon. In contrast, in the 279 

LNR, lake sturgeon are successfully targeting and capturing live round goby. Perhaps the 280 

territorial nature of round gobies (Dubs and Corkum 1996) or their naiveté towards this large 281 

benthic predator prevents them from fleeing an approaching lake sturgeon. Regardless of the 282 

mechanism, it is clear is that this lake sturgeon population has incorporated this new, abundant 283 
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round goby food resource. 284 

 The establishment and subsequent incorporation of round goby into lake sturgeon diet has 285 

altered the lake sturgeon trophic position in the LNR. Jacobs et al. (2017) found that lake 286 

sturgeon in the LNR reach a higher trophic position (and δ
15

N) at a younger age and smaller size 287 

than they did prior to the appearance of round goby. Further, it appears that lake sturgeon in this 288 

population maintain a higher trophic position compared to other systems. The estimated trophic 289 

position, using equation (2) from Vander Zanden et al. (1997), of the LNR population, 290 

controlling for baseline δ
15

N variation, is 4.8. If we apply the same formula to the Smith et al. 291 

(2016) study using their mean δ
15

N mussel (1.95) and lake sturgeon (9.70) values, it results in a 292 

lake sturgeon trophic position of 4.5. In Lake Winnebago, Stelzer et al. (2008) determined that 293 

lake sturgeon occupied a trophic position of 3.0. It is likely that these differences are due, in part, 294 

to the incorporation of round goby into the diet.  295 

 Non-native dreissenid mussels were a small component of the diet of lake sturgeon in the 296 

LNR, appearing infrequently in stomach contents. In fact, 97% of the total mass of dreissenids (n 297 

= 47) was contained within a single stomach sample. In Oneida Lake, NY, dreissenid mussels are 298 

a substantial component of lake sturgeon diets, especially among larger (900 mm TL) fish 299 

(Jackson et al. 2002). One major difference between these two systems was that round goby was 300 

not present in Oneida Lake at the time of the study. It appears that in the LNR, in the presence of 301 

abundant round goby and mussel resources, lake sturgeon are preferentially selecting round goby 302 

over dreissenid mussels. This is understandable from an energetic standpoint as round goby have 303 

a higher energy content than dreissenid mussels (3.2 kJ/g vs 1.7 kJ/g, respectively; Johnson et al. 304 

2005; Madenjian et al. 2006). It will be interesting to see if the diets of lake sturgeon in Oneida 305 

Lake will shift to include round goby as that invader becomes more widely established there. 306 

Page 14 of 30

https://mc06.manuscriptcentral.com/cjfas-pubs

Canadian Journal of Fisheries and Aquatic Sciences



Draft

 15 

 Stomach contents of LNR lake sturgeon illustrate that this population exhibits both a 307 

generalized and specialized feeding strategy. Indeed, the cumulative diets of lake sturgeon from 308 

the LNR contained numerous species of invertebrates and fish. However, most of these species 309 

were rarely found and sometimes comprised only a few individuals. Instead, the predominant 310 

feeding strategy in the spring seems to be more specialized, exemplified by the high frequency of 311 

occurrence and high prey-specific index of food importance of round goby. This is indicative of a 312 

high level of prey selectivity. 313 

The distinct isotopic signatures of the three lake sturgeon tissues and their resultant mixing 314 

model outputs suggest differences between the short- and long-term diet compositions. Various 315 

tissues in organisms have different turnover rates and tissues with more rapid turnover rates 316 

reflect more recent diet history, while those with slower turnover rates reflect longer-term diet 317 

history. There is evidence that blood components turn over faster than fin tissue in fish (Suring 318 

and Wing 2009). Given this, the signatures of RBC and plasma reflect a more varied diet that 319 

incorporates greater diversity of prey groups, especially amphipods, crayfish, snails, and 320 

dreissenid mussels. However, for fin tissue, the mixing model attributes >90% of assimilated 321 

energy to round goby. Their caloric content, greater relative size, and abundance could account 322 

for this outsized contribution. This indicates that although there is continued use of more typical, 323 

historical food resources, the current average diet history of lake sturgeon in the LNR is 324 

dominated by round goby. 325 

 Characterizing the impacts of a non-native species as either wholly positive or negative is 326 

reductive and does not adequately represent the complexity of species introductions. Adult lake 327 

sturgeon are clearly incorporation round goby, but whether the net impact of round gobies is 328 

beneficial to the lake sturgeon population as a whole is unknown. Round gobies have been 329 
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shown to compete with native fishes for food and habitat resources (Kornis et al. 2012) and can 330 

displace and relegate other benthic species to sub-optimal habitat (Balshine et al. 2005). Such 331 

competition could affect juvenile lake sturgeon, which use similar food and habitat resources as 332 

round goby. Additionally, round gobies are documented predators of the eggs and larvae of larger 333 

fish, including lake sturgeon (Kornis et al. 2012). Whether or not round goby limit lake sturgeon 334 

recruitment in the LNR is still an open question and one that requires further study. 335 

 In conclusion, stomach content and stable isotope analyses both suggest that non-native 336 

round goby are the primary source of energy for adult lake sturgeon in the LNR in the spring. 337 

This study establishes the current trophic position for lake sturgeon and their prey items in the 338 

LNR and can be used as a point of comparison for future studies. Lastly, this work documents a 339 

high degree of piscivory by this lake sturgeon population, suggesting that this species is capable 340 

of high, local-resource-dependent diet plasticity. Looking forward, as human-mediated species 341 

introductions continue globally, it is important to document and evaluate the interaction between 342 

non-native species and native species in order to inform conservation management plans that 343 

seek to protect native communities and ecosystems. 344 

 345 
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  480 

Table 1.  
Mean values ± 95% confidence intervals of δ

13
C and δ

15
N (‰) of lake sturgeon tissues and prey 

groups. 

Prey groups n      δ
13

C      δ
15

N Trophic Position 

Amphipoda 15 -20.1 ± 0.4   8.2 ± 0.2 1.9 

Chironomidae 10 -21.7 ± 1.3   7.7 ± 0.5 1.7 

Crayfish            5 -20.6 ± 0.7 11.2 ± 0.9 2.9 

Lake sturgeon fin        175 -18.9 ± 0.1 17.0 ± 0.1 4.8 

Lake sturgeon RBC        130 -20.0 ± 0.1 15.0 ± 0.2 4.1 

Lake sturgeon plasma        153 -21.7 ± 0.1 15.6 ± 0.1 4.3 

D. r. bugensis          13 -24.0 ± 0.5   8.6 ± 0.2 2.0 

Oligochaeta          14 -22.0 ± 0.9   9.1 ± 0.5 2.2 

Round goby  6 -20.4 ± 0.5 13.2 ± 0.4 3.5 

Snails          13 -22.6 ± 0.8 10.6 ± 0.6 2.7 
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Fig. 1. Study area and fish collection locations (indicated by the stars) on the lower Niagara 481 

River, NY, USA. 482 

 483 

Fig. 2. Percent frequency of occurrence, mean (± SE) percent weight and percent number 484 

(calculated for each stomach then averaged for each prey group) of prey items found in the 485 

stomachs of adult lake sturgeon (n = 56, excluding empty stomachs) captured from the lower 486 

Niagara River, NY. 487 

 488 

Fig. 3.  Feeding strategy diagram (Costello 1990; Amundsen et al. 1996) of adult lake 489 

sturgeon diet plotting prey-specific abundance against frequency of occurrence, where 490 

prey-specific abundance is defined as the proportion by weight that prey i constitutes of 491 

all prey weight in only stomachs that contained that prey i. Dominant prey groups occur 492 

in the upper right quadrant and rarer prey groups towards the lower left. Prey groups near 493 

the origin are: EPH = ephemeroptera, GAS = gastropoda, ISO = isopoda. 494 

 495 

Fig. 4. Mean values and 95% confidence intervals of δ
15

N and δ
13

C (‰) in lake sturgeon fin, red 496 

blood cell (RBC), plasma tissue, and prey sources. Values are not adjusted for trophic shift. 497 

 498 

Fig. 5. SIAR mixing model boxplots of the contributions of different prey items to the diets of 499 

adult lake sturgeon reflected in fin, red blood cell, and plasma tissue. The boxplot shading shows 500 

credibility intervals at the 95, 75, and 50% levels. 501 
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