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ABSTRACT
A SEASONAL INVESTIGATION OF ENERGY TRANSFER AND FOOD WEB
STRUCTURE OF THE DEEPWATER SCULPIN (MYOXOCEPHALUS THOMPSONI)
IN GRAND TRAVERSE BAY, LAKE MICHIGAN
By

Colleen Frances Masterson

This study attempts to elucidate the diet of the deepwater sculpin in Grand
Traverse Bay, Lake Michigan using a combination of stomach content and stable isotope
techniques.

Stomach contents revealed that the diet of the deepwater sculpin was composed
primarily of the amphipod, Diporeia hoyi. Other major prey items were mysids (Mysis
relicta) and chironomid larvae. The abundance of minor prey items in the deepwater
sculpin stomachs varied seasonally, and isotope data implied that these minor prey items
may have been more important than stomach content data suggested.

The importance of long-term seasonal sampling in food web studies was clearly
supported. Seasonal variation in carbon and nitrogen isotope values was observed in the
food web members of Grand Traverse Bay, especially at lower trophic levels. An
isotopic mixing model was used to explore the relative importance of seston, sinking
POM and sediments to the deepwater sculpin. The model results suggested that seston
was an important primary organic S(;urce for the benthic food web and that atmospheric
deposition may be a significant source of contaminants to the deepwater sculpin in Grand
Traverse Bay. Difficulties in the application of isotopic mixing models in food web

studies are discussed and recommendations for future research are made.
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INTRODUCTION

In this study we present a combination of stomach content and stable isotope
analyses to elucidate the food web structure of a benthic forage fish, the deepwater
sculpin (Myoxocephalus thompsoni), in Grand Traverse Bay, Lake Michigan.
Understanding the food web structure of Grand Traverse Bay at the level of forage fishes
may provide future insight into the relative importance of different exposure routes of
organic contaminants to higher level consumers of great commercial and recreational
importance in the Great Lakes.

There are three hypothesized exposure pathways by which organic contaminants
enter the food web of Great Lakes fishes: (1) atmospheric deposition transferred through
the pelagic food web; (2) atmospheric deposition transferred, via rapidly-settling particles
through the benthic food web, and; (3) transfer from historically-contaminated, in place
sediments through the benthic food web (Baker et al. 1996). The primary organic sources
(POS) associated with each of these exposure routes are: seston for route (1); sinking
particulate organic matter (POM) for route (2); and sediments for route (3). A thorough
analysis of food web structure provides estimates of the relative importance of the three
POS to upper level consumers. The combination of these data with knowledge of
contaminant levels in the POS will allow predictions to be made about the relative
importance of the 3 exposure routes of organic contaminants to upper level consumers.

Stomach content and stable isotope analyses supply distinct, yet complimentary
information in food web investigations. While stomach content data provide a direct

assessment of ingested material, there are inherent difficulties in identifying partially



digested food items, and there is a bias towards the identification of food types with slow
digestion rates (Gu et al. 1996, Gould et al. 1997b, Jennings et al. 1997). Stomach
content data provide an estimate of the food items ingested, but may be misleading if
- assimilation is not considered. Assimilation may be incomplete, and certain organisms or
parts of organisms may be preferentially digested over others. Stable isotope data
strongly indicate nutritional dependence, as the isotopic composition of an organism is
directly related to the organic matter assimilated from its diet (Tieszen et al. 1983,
Rosenfeld et al. 1992, Hesslein et al. 1993, Ostrom et al. 1996). In addition, stomach
contents provide only a snapshot of recently ingested material, while the isotopic
composition of a consumer is a reflection of its food resources assimilated over a longer
period of time from weeks to months (Harrigan et al. 1989, Hobson and Welch 1992,
Gould et al. 1997a,b). The combination of stomach content and stable isotope analyses in
food web research therefore offers a unique approach to assess trophic relationships and
food web structure.

The stable isotope technique uses natural differences in the '*C:'>C and "N:"*N
ratios of organisms (conventionally expressed as §"°C and 8N ') to identify food

sources of carbon and nitrogen which move with predictable isotopic alterations from one

! Stable isotope ratios are reported as §°C and 8'°N (%o), according to:
8'E = [(Reamplo/Retandard)-1] * 1000
where 1 is the heavy isotope of element E, either carbon or nitrogen, and R is the
abundance ratio of the heavy to light isotope. Internationally recognized standards are

Vienna Pee Dee Belemnite for carbon, and atmospheric N, for nitrogen.



trophic level to the next (Goering et al. 1990). Trophic fractionation is a term .that
describes the difference in 8'°C values or 3'°N values between a consumer and its food
that is due to discrimination against the heavy isotope during metabolism and excretion
(Peterson and Fry 1987). Generally, 8'°C values change by 0-1 %o per trophic level
(e.g. DeNiro and Epstein 1978, Fry and Parker 1979, Peterson and Fry 1987, Harrigan et
al. 1989, Goering et al. 1990, Keough et al. 1996). Such small increases in §'>C values
with trophic level, relative to individual variations and the precision of analytical
techniques, can make the determination of trophic position based on 8'*C values difficult.
Carbon isotopes are more often used to identify sources of organic carbon and to trace the
flow of these carbon sources through an ecosystem (Fry and Scherr 1984, Goering et al.
1990, Gearing 1991). In contrast to 5"°C values, greater increases in 8'°N values of
3-4 %o generally take place between each trophic level (e.g. DeNiro and Epstein 1981,
Minagawa and Wada 1984, Fry 1988, Goering et al. 1990, Keough et al. 1996). For this
reason, 8'°N values are often used as more robust indicators than 8'°C values in
determining trophic positions of organisms. With reliable estimates of trophic
fractionation of both §°C and 5'°N values, it is possible to trace each step of the food
web back to the primary sources of organic matter. The use of both carbon and nitrogen
isotope ratios can be instrumental in resolving complex food web relationships that
depend on multiple sources of organic matter (Creach et al. 1997).

While many food web studies have employed the use of stable isotopes and
stomach content analyses, relatively few of these studies have investigated seasonal
variation in food web structure (Gearing et al. 1984, Goering et al. 1990, Toda and Wada

1990, Leggett 1998, Neilson et al. 1998). Factors such as the seasonal availability of



nutrients, succession of plankton communities and changes in the spatial distribution of
aquatic organisms may greatly affect temporal food web dynamics. Temporal change in
trophic interactions is still one of the least understood factors affecting the
biogeochemical material flow in aquatic ecosystems (Yoshioka et al. 1994). Therefore,
efforts to obtain seasonal stomach content and isotope data will make important
contributions to the understanding of food web dynamics.

The present study not only combines stomach content and stable isotope
techniques to investigate the food web dynamics of the deepwater sculpin, but also
probes the nature of temporal variation in food web structure. Deepwater sculpin are
abundant benthic-dwelling secondary consumers in the benthic food web of the upper
Great Lakes, including Grand Traverse Bay. Based on previous stomach content studies,
they are thought to utilise benthic food resources nearly exclusively as adults, feeding
mainly on amphipods, and to a lesser extent on mysids (Kraft and Kitchell 1986, Wojcik
et al. 1986, Selgeby 1988). They are also known to feed to a varying extent on other
seasonally important food resources, such as chironomids, fish eggs, larval fish and
terrestrial insects (Wojcik et al. 1986). Deepwater sculpin are important prey for higher
level consumers in Lake Michigan, including burbot (Lota lota), lake trout (Salvelinus
namaycush), steelhead (Oncorhynchus mykiss), coho salmon (Oncorhynchus kisutch) and
other salmonines (Wojcik et al. 1986).

This study attempts to elucidate the diet of the deepwater sculpin in Grand
Traverse Bay, Lake Michigan, using a combination of stable isotope and stomach content
techniques, and to assess seasonal variation in the isotopic composition and diet of food

web members. By improving our understanding of nutrient transfers and trophic



interactions, food web studies in the Great Lakes may provide valuable insight into the

bioaccumulation of organic contaminants in fish.



MATERIALS AND METHODS

Study Location and Sample Acquisition

All samples were collected on approximately a monthly basis from April to
September, 1997 and 1998 in the western arm of Grand Traverse Bay, Lake Michigan
(Figure 1). In 1997, samples were collected from study sites GT1 and GT3, while in
1998, the sampling effort focused only on site GT3. Site GT1 has a depth of 98 m and
site GT3 has a depth of 112 m.

Deepwater sculpin were collected with a 4.9 m otter trawl with 33 mm body mesh
and 5 mm codend mesh. Tows of 10-20 minutes were made near sites GT1 and GT3 at
depths greater than 80 m. Collected fish were sorted for stable isotope analysis or
stomach content analysis, and the weight and total length of each individual was
recorded. Fish intended for stable isotope analysis were frozen immediately after
collection, while fish intended for stomach content analysis were preserved in formalin
(10% formaldehyde solution).

Zooplankton were collected using daytime oblique tows from 80m to the surface
using a 1m diameter plankton net with 505 pm mesh. Bulk zooplankton samples were
filtered through pre-combusted (500°C, 1 hr) GF/F glass fibre filters (Whatman) and
frozen for isotope analysis.

A benthic sled was employed to collect macroinvertebrates such as amphipods,
mysids, oligochaetes and chironomids (design modified from Nesler 1981). The sled was
equipped with a 90 cm x 60 cm rectangular net with 750 pm mesh, and was towed along

the bottom near sites GT1 and GT3 for 10-20 minutes per sample. Samples were sieved



through 595, 833, 1400 and 2000 um mesh screens, and taxa were hand sorted and frozen
for stable isotope analysis.

Seston samples were obtained by filtering 3-5 L of water from each of five depth
intervals at low pressure through pre-combusted (500°C, 1 hr) Whatman GF/F glass fiber
filters (McCusker et al. 2000). Sediments were collected using a box core or ponar grab.
Sinking POM samples were collected in biweekly intervals by multi-sequencing sediment
traps (8 in. OD, 8:1 aspect ratio; Eadie et al. 1984), which remained at the sampling site

throughout the season.

Stomach Content Analysis

John Skubinna (Ph.D. candidate, Michigan State University Department of
Fisheries and Wildlife) completed the identification of all deepwater sculpin stomach
contents. Prey taxa were identified using digestion resistant hard parts (Balcer et al.
1984, Merritt and Cummins 1996). Optimas™ image analysis software was used to
measure prey length or key morphological features of each prey item obtained. Care was
taken in avoiding duplicate counts of the same individual by choosing morphological
features that are singular in the morphology of the prey (e.g. body length, head width,
etc.) when possible. The linear measurements of length or hard part size were converted
to estimates of dry weight biomass of whole individuals using length-weight or hard part
size-weight relationships (e.g. Dumont et al. 1975, Smock 1980, Sell 1982, Culver et al.
1985). Specific conversion relationships used are described in detail in the dissertation of

John Skubinna (in prep.).



To assess the importance of each prey item in the deepwater sculpin diet, four
indices of prey importance were calculated: (1) percent frequency of occurrence (% FO),
the number of stomachs containing a single type of prey divided by the total number of
stomachs containing organic matter; (2) percent of prey number (% PN), the number of
items of a single prey taxon divided by the total number of all items in the sample; (3)
percent of prey mass (% PM), the mass of a single prey taxon divided by the total mass of
all material in the sample and; (4) percent prey index of relative importance (% IRI;
Pinkas et al. 1971), the IRI of the food group divided by the IRI of the total diet, where
IRI is calculated as:

IRI =% FO (% PN + % PM) (eq. 1)

Monthly values of prey importance were obtained by pooling all prey items found
in deepwater sculpin stomachs from that particular month. The seasonal mean was
calculated for each index of prey importance, with each month weighted equally to
account for unequal sample sizes and seasonal variation in prey importance. Each index
of prey importance provides a unique perspective of diet with a different bias. Percent
IRI incorporates the three traditional indices of prey importance, and is thought to
minimize the biases of each, obtaining a more representative description of diet (Pinkas et

al. 1971).

Stable Isotope Analysis
To provide a manageable sample, a subsample of each fish (~10 %) was obtained

in preparation for isotope analysis. The isotopic signature of a subsample of this size was

found to differ from that of whole fish by 0.07 + 0.42 %o for 5'°N and 0.19 + 0.39 %so for



8'>C (n=5). The subsample was freeze dried, ground and lipid extracted for six hours in a
soxhlet apparatus containing an azeotropic mixture of chloroform and methanol
(87:13 v/v). After lipid extraction, the tissue was dried and homogenized with a Wig-L-
Bug (Crescent Industries) mechanical mill. Bulk zooplankton and macroinvertebrate
samples (bulk samples of many individuals) were prepared in the same manner as fish,
with an additional step of acidification using 10 % HCI to remove carbonates prior to
lipid extraction. Fish, zooplankton and macroinvertebrate samples were weighed (3-4 mg
for 8'°N values; 0.4-0.5 mg for 5"°C values) into 6 mm x 4 mm ultra-light weight tin
capsules (Elemental Microanalysis Ltd.), and analysed for isotopic abundances using a
Carlo Erba NA 1500 nitrogen/carbon analyzer interfaced to a Micromass Prism mass
spectrometer (Wong et al. 1992).

In preparation for stable isotope analysis, filters containing seston samples were
dried (40°C), acidified with 10 % HCI to remove carbonates, and dried again. The seston
sample was obtained by removing the surface layer of the filter containing the seston
(McCusker et al. 2000). Sediments and sinking POM were freeze dried, acidified with
10 % HCI to remove carbonates, and dried again (40°C). Seston, sediments and sinking
POM samples were placed in precombusted (500°C, lhr) quartz tubes with excess
precombusted CuO and Cu (approximately 3 g of each). The tubes were evacuated,
sealed, and combusted at 850°C. The combustion products were separated cryogenically
on a vacuum line and the isotopic composition of the purified carbon dioxide and
nitrogen gas was determined on a Micromass Prism mass spectrometer.

Additional sediment trap samples are available for nitrogen and carbon isotope

analysis, and modifications to the laboratory protocol (acidification with more



concentrated HCl and sample shaking to more thoroughly remove carbonates) may
further improve the accuracy of the results. However, the results presented here are

thought to be a representative subset of the available data.

Estimates of Trophic Fractionation

In diet analyses, mass balance equations can be used to estimate the relative
contribution of different sources of carbon or nitrogen to a consumer, or if this is known,
to estimate trophic fractionation. Stomach content analysis provided the relative
importance of different prey items to the deepwater sculpin (Based on the three indices of
prey importance), and the average isotopic composition of the deepwater sculpin diet for

each month was calculated as:

(eq.2)

i=1 i=1

where f is the fractional contribution of individual prey items to the deepwater sculpin
(based on each index of prey importance) and n is the number of different prey items.
When the isotopic composition of a prey item was not known for a particular month,

isotope values were assumed to be equal to the nearest month with available data.

Trophic fractionation factors for both §'°N values (TF,) and 8'>C values (TF.) were then

quantified by:

TF,= 81S.Nsculpin - slstculpin diet and TF. = 813Csculpin - 8l3Csculpin diet (eq. 3)

10



Estimates of the Relative Contribution of Prima anic Sources (POS) to Prey Items
To estimate the relative contribution of each POS to individual deepwater sculpin

prey items, an isotopic mixing model of the following form (Harrigan et al. 1989) was

used:
SISNW- TFp= 28" Nyeston + balstinkingPOM + ¢8"*Niediments (eq. 4)
8" Cprey - TFc = 85" Cyesion + b8 Cinkingpom + €8"°Coediments (eq. 5)
l=a+b+c (eq. 6)

where the terms a, b and ¢ represent the percent contribution for nitrogen or carbon of
each of three prey items, and TF, and TF. represent the difference in 8"°N or §"°C
values, respectively, between the consumer and its diet (trophic fractionation factors).
This model requires that the three POS are isotopically distinct, which has been verified
in previous studies (Takahashi et al. 1990, Yoshioka et al. 1994, Zohary et al. 1994,
Ostrom et al. 1997).

Due to the lack of stomach content data from prey items of deepwater sculpin in
this study, species-specific trophic fractionation factors for the mixing model were
unavailable. Because trophic fractionation factors have been found to vary widely among
taxa in previous studies, the mixing model was explored using both the trophic
fractionation factors calculated in this study (between deepwater sculpin and sculpin
diet), as well as trophic fractionation factors taken from the literature. The trophic
fractionation factor adopted from the literature for 5'°N was 3.4 %o per trophic level, the
widely cited average of Minagawa and Wada (1984). The trophic fractionation factor
adopted from the literature for 5'°C values was 0.5 %o per trophic level, the midpoint of

the commonly reported range of 0-1 %o (Peterson and Fry 1987).

11



Seasonal (6-month) averages of 8'°N and 8"°C values of deepwater sculpin prey
items and POS were used in the mixing model to develop the best estimate of the long-
term relative contributions of POS to the nutrition of the prey items. Because of the large
seasonal variations observed in the isotopic compositions of deepwater sculpin prey
items, each month was weighted equally in the seasonal mean to prevent a
disproportionate contribution from months with larger sample sizes.

The amount of nitrogen or carbon assimilated from each POS by the deepwater

sculpin was then determined by the relationship:

Vs= E—:lﬁv P (eq.7)

where Vs is the percent contribution of a POS to the deepwater sculpin, fis the fractional
contribution of the prey item to the deepwater sculpin, Vp is the fractional contribution of
the POS to a prey item and n is the number of prey items. These techniques were used in
an attempt to reach our ultimate goal of determining the relative importance of the three

primary organic sources to higher trophic levels.

12



RESULTS

Stomach Content Analysis

Stomach content data were available from deepwater sculpin collected in April of
1997 and 1998, May, July, August and September of 1997 and June of 1998. An inter-
annual comparison of deepwater sculpin stomach contents between April 1997 and April
1998 (John Skubinna, Department of Fisheries and Wildlife), found that the two years did
not differ significantly in the distribution of biomass among the different prey items. A
similar comparison using % IRI data found the relative proportions of prey items to differ
by less than 1.5 % between the two years. Stomach content data from 1997 and 1998
were therefore combined to provide a full monthly data set from April through
September.

For each month from April to September, sculpin stomach contents were
summarized according to the 4 indices of prey importance, that included one measure of
the frequency of occurrence of prey items in stomachs (% FO) and 3 measures of the
relative abundance of prey items in stomachs (% PN, % PM and % IRI; Table 1). For
each index of prey importance, the mean diet was calculated by taking the average of the
indices for the six months.

Stomach content data indicated that the amphipod Diporeia hoyi was consistently
the most abundant prey item in the deepwater sculpin diet, regardless of the month
sampled (Table 1). On the basis of % FO, D. hoyi were present in 86.2 — 100.0 % of
sculpin stomachs in each month and in 95.4 % of the stomachs on an annual basis.

D. hoyi comprised 69.9 and 78.8 % of the annual sculpin diet based on % PN and % PM,

13
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respectively. The index of prey relative importance (% IRI) also substantiated the
importance of D. hoyi in the deepwater sculpin diet, with a prediction of 85.8 % of the
annual diet.

Estimates of % FO indicated that opossum shrimp (Mysis relicta), fish eggs and
chironomid larvae were each present in over 38 % of deepwater sculpin stomachs
annually, and estimates of % PN, % PM and % IRI indicated that each of these prey
items comprised > 3 % of the annual sculpin diet. Minor prey items found in the
stomachs of deepwater sculpin included chironomid pupae and adults, unidentified
dipteran adults, annelids, microcrustacean zooplankton, aquatic and terrestrial beetles,
and crayfish. Each of these minor prey items were found in fewer than 25 % of
deepwater sculpin stomachs annually, and each comprised < 3 % (range 3.2-14.1 %) of
the annual sculpin diet as estimated by % PN, % PM and % IRI.

While seasonal variation in the relative importance of most prey items to the
deepwater sculpin over our six month sampling period was minor, notable variation was
observed in the relative importance of some of the less abundant prey items in the
deepwater sculpin stomachs. Fish eggs were most abundant in the sculpin stomachs
during April and May (% FO of 89.7 and 100.0 %, % PN of 42.1 and 17.0 %, % PM of
10.4 and 3.5 %, and % IRI of 29.0 and 10.2 % for April and May, respectively), and
declined in importance throughout the rest of the sampling season (% FO of 17.0 %,
% PN of 3.0 %, % PM of 1.1 % and % IRI of 0.5 % by September). Beetles increased in
importance in the sculpin diet later in the season, and peaked in abundance in July and
September (% FO of 4.8 and 4.0 %, % PN of 0.2 and 0.0 %, % PM of 6.6 and 0.6 % and

% IRI of 0.1 and 0.0 % for July and September, respectively).
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The salient features of the deepwater sculpin stomach content data were reviewed
here solely for the purpose of comparing indices of prey importance and as an
introduction for further sections of this thesis combining stomach content and stable
isotope analyses. A more extensive investigation of this stomach content analysis can be

found in the Ph.D. dissertation of John Skubinna, Department of Fisheries and Wildlife

(in prep.).

Stable Isotope Analysis

Isotopic compositions of food web members generally differed by less than 1 %o
between 1997 and 1998 when monthly averages were compared, and yearly averages
differed by less than 0.5 %o. For this reason, data from the two years were pooled to
include both sampling seasons and increase sample sizes. One exception was the isotopic
composition of seston, which showed a dramatic enrichment in 8'5N values in 1998, with
8'°N values over 6 %o higher than those observed in 1997 (Table 2, Figure 2). Seston
values from 1997 and 1998 are reported separately in Table 2 and Figure 2. Thus, while
average isotope values of the two years combined were adopted for all other food web
members, those analyses involving the isotopic composition of seston were repeated with
1997 seston values, 1998 seston values and the mean value of the two years combined.

No significant relationships were found between length of deepwater sculpin and
8N values (R? = 0.0002, Figure 3A) or §"*C (R? = 0.0029, Figure 3B). Consequently,
all sizes and ages of deepwater sculpin were combined for the remainder of the analyses

and discussion.
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Nitrogen isotope values generally increased with trophic level. For example,
deepwater sculpin were enriched in '°N relative to their major prey items, which were in
turn enriched in "N relative to the three POS (Table 2, Figure 2). Trends in carbon
isotope values were not as clear. Whereas the deepwater sculpin were enriched in °C
relative to D. hoyi and M. relicta, they were depleted in '>C relative to all other prey
items (Table 2, Figure 2). D. hoyi and M. relicta were enriched in '>C relative to only
one of the POS (seston), while the remaining deepwater sculpin prey items were enriched

in 1C relative to all three POS (Table 2, Figure 2).

Seasonal Variation in 8N and 8"°C of Deepwater Sculpin and Average Diet

A unique feature of this study was the emphasis on seasonal trends in isotopic
compositions. Seasonal variations were observed among lower trophic level food web
members, with ranges of up to 8 %o in 5'°N values and 4 %o in §'°C values (Table 2)
between April and September. Much smaller ranges in 5'°N and 8'°C values were
observed for the deepwater sculpin (0.6 %o range in 5'°N values and 0.4 %o range in §"°C
values; Table 2).

In contrast to the small range of 5'°N values of deepwater sculpin from April to
September, the average deepwater sculpin diet exhibited considerable variation in 5'°N
values over the sampling season, with an observed range of approximately 4 %o (Figure
4). The 5"N value of the average diet decreased from April through June, peaked briefly
in July, decreased to August and began to increase slightly in September (Figure 4).

While estimates of the §'°N value of the average diet derived from mass balance
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equations using three different indices of prey importance differ slightly, they all display
a general decline throughout the season (Figure 4).

Monthly estimates of trophic fractionation for 5'°N values were calculated by
subtracting the 5'°N value of the average diet from the 8'°N value of the deepwater
sculpin. The constant §'°N values of the deepwater sculpin, combined with the seasonal
decline in the 8"°N value of their average diet, resulted in a range of apparent trophic
fractionation factors throughout the season. The trophic fractionation factor ranged from
0.9 to 4.4 %o based on % PN, from 1.9 to 5.2 %o based on % PM and from 1.5 to 4.9 %o
based on % IRI. The average trophic fractionation between 5'°N values of the deepwater
sculpin and its diet for the six-month sampling period was calculated by taking the mean
trophic fractionation of all sampling months. The average trophic fractionation of 5'°N
values was determined to be 3.3 %o based on % PN, 4.0 %o based on % PM and 3.9 %o
based on % IRI (Table 3).

The seasonal trends observed in the 3'°C values of deepwater sculpin and their
diet closely resembled the variation in 5'°N values, although the magnitude of seasonal
variation differed between the two measures. The 8'>C values of deepwater sculpin
displayed little seasonal variation, with an overall range in §'>C values of only 0.4 %o
(Figure 5). The 8"°C values of the average diet showed a substantially greater amount of
seasonal variation than the deepwater sculpin, with a range of approximately 2 %o
(Figure 5). According to all three indices of prey importance, the §'°C values of the
average diet declined from April through August, followed by a slight increase in

September (Figure 5).
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Monthly estima?es of trophic fractionation for 8'°C values were calculated by
subtracting the 5"°C value of the average diet from the 5'°C value of the deepwater
sculpin. The constant 5 °C values of deepwater sculpin combined with the seasonal
variation in the 8'>C values of the average diet again resulted in a range of apparent
trophic fractionations throughout the season. The trophic fractionation in 5"°C values
ranged from 0.2 %o to 2.4 %o based on % PN, from 1.4 to 2.7 %o based on % PM and
from 0.7 to 2.7 %o based on % IRI. The average trophic fractionation of §'°C was
calculated<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>