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Abstract
As a carnivore with significant biomass, it is important to consider sea turtles’ impact on trophic
systems. The goal of this study was to identify what variations occur in the stable isotopes of
marine invertebrates both interspecies and intraspecies. Furthermore, we aimed to identify
which variables may be instigating these variations. The overarching goal for this study was to
identify which marine invertebrate species the juvenile sea turtles of Cape Cod are likely
consuming. To achieve these goals, the 13C and 15N stable isotopes of marine invertebrate and
sea turtle were compared. The results of this study brought us to several conclusions. When
comparing all of the marine invertebrate species in this study to each other, we saw many
differences in δ15N value based on different trophic levels. We also saw a number of elevated
δ15N values that were likely due to human impact (i.e. quahog clam and periwinkle snail).
Furthermore, δ13C also varied between species based on differences in habitat, such as offshore,
mid-estuarine, and upper estuarine. When comparing the juvenile sea turtle sample’s isotopic
values to those of the samples analyzed in this study, we saw a narrow δ13C range that
represented that of a mid-estuarine system. Furthermore, the δ15N values of all three juvenile
sea turtle species were consistent with a diet consisting of bivalves and gastropods. The
Loggerhead turtles were on a similar trophic level, but had a few slightly elevated δ15N values,
which could represent a diet of small rock crabs.

Introduction
Interactions between predator and prey in an ecosystem can be justified by trophic interactions.
Though we might understand if an organism is an herbivore or carnivore, we might not know
which predators are eating which prey. Generally, trophic levels begin with the input of solar
energy, which is then transferred by primary producers to usable nutrients for themselves, as
well as the rest of the ecosystem (Figure 1). As energy is transferred throughout a system through
these predator-prey relationships, heat energy is lost. This is due to the fact that certain nutrients
are conserved, while others are metabolized and used for basic physiological functions, if not just
expelled via waste. Organisms that feed directly on primary producers are referred to as
herbivorous consumers. Organisms that then feed on herbivorous consumers are primary
carnivorous consumers. These are then followed by 2nd and 3rd levels consumers, and finally, top
carnivores. Most predators, however, have specialized diets, so even though their trophic level
may be above dozens of other organisms, they are only preying on one of them. For example,
the snail kite, a bird of prey, feeds only on Pomacea snails even though their trophic level is above
organisms like crabs, mice, and insects as well (Beissinger et al. 1994). Some species shift from
one trophic level to the next as they mature. Smallmouth bass, for example, begin life feeding on
zooplankton, but once they reach a certain size, their diet completely changes to that of a
piscivore, an organism that feeds on almost exclusively fish (Vander Zanden et al. 2011). These
types of diets, both specialized and shifting, are important factors to consider when analyzing the
interactions that are present in an ecosystem.

Figure 1—Marine ecosystems trophic pyramid. Shown is a simplification of a marine trophic pyramid with
energy inputs (solar), outputs (heat loss), and recycling (decomposition). Image retrieved from Science
Learning Hub.

In marine systems, invertebrates are essential prey items for higher trophic level organisms.
Some predators, like the puffer fish, require the hard shells of crabs, snails, and other
invertebrates with exoskeletons to maintain their dental health (Fraser et al. 2012). This
interaction is represented by the lower trophic level of these invertebrates. Scavenger and
predatory invertebrates, like crustaceans and some gastropods, are in higher trophic levels than
filter-feeding invertebrates like bivalves (Fry 1988).

In Cape Cod, Massachusetts, there is a new predator roaming the coastal ecosystems. Since the
early 1970’s, scientists have observed the presence of several different juvenile sea turtle species
along the coasts of Cape Cod Bay, including the Kemp’s Ridley, the most endangered sea turtle

species in the world. During the spring and summer, juvenile Kemp’s Ridley, green, and
loggerhead sea turtles ride the Gulf Stream from the Gulf of Mexico to the northeastern United
States where they begin feeding in bays and estuaries. It is not known, however, what these sea
turtles are eating while they are in the waters surrounding Cape Cod. We can assume they are
eating seaweeds and various species of invertebrates based on their physiology and the fact they
are known to be omnivorous, but we do not know their dietary preferences.

Stable isotope analysis is one method used to determine the diet of a species. Two of the most
common isotopes used in such analyses are

13

C and

15

N. These stable isotope values are

presented as a weighted average given in the units “per mille” (per one thousand). Weighted
averages of stable isotopes are determined by a comparison to standard, which in this case are
12

C and 14N (Figure 2).

Figure 2—Equation used to determine stable isotope ratios per mille when compared to a standard.

The 15N values reveal where an organism falls on the trophic scale. The physiology of organisms
creates isotopic fractionation as trophic level increases due to preferential assimilation of the
lighter 14N isotope, leading to the bioaccumulation of 15N up the food chain (δ15N signal becomes
heavier). On average, fractionation of about 3.0 per mille is seen between trophic levels. More
simply, any organism that has a δ15N value 3.0 per mille greater than another is one trophic level
above that organism (Gilbert et al. 2018; Figure 3).

Figure 3—Uses of 13C and 15N in determination of an organism’s diet. Also shown is the fractionation of
isotope ratios as assimilation between trophic levels occurs (Gilbert et al. 2018).

The carbon stable isotope, 13C, plays a role in determining the location and habitat type in which
an organism is feeding. Differences in plant types, geology, and other carbon sources between
environments allows for these variances in 13C to be seen. This is seen in the difference between
an herbivore (or omnivore) feeding in a habitat with C3 plants versus one with C4 plants (Jastrow
et al. 1996). Although both are plants, the 13C concentration in C3 plants is much less than that
in C4 plants and this will be shown in the isotopic signatures of the organisms feeding on them.

When one organism preys on another, fractionation of 13C does occur, but since it is significantly
less than 1.0 per mille, it is ignored (Gilbert et al. 2018; Figure 3).

When using the stable isotope analysis method to determine organism diet,

13

C and

15

N are

analyzed using a scatter plot. When analyzing one specific organism, or data point, 13C is first
considered to determine which species share the same environment as the organism being
examined. The nitrogen stable isotope, 15N, is then considered to determine which trophic level
the organism falls on in the previously determined environment. Conclusions regarding this
organism’s role in specific ecosystems can then be drawn.

The goal of this study is to gain insight into prey variability among marine invertebrates in New
England waters, more specifically, crustaceans and shellfish. This investigation, furthermore,
builds a foundation for our future understanding of juvenile sea turtles’ role in the coastal
environments of Cape Cod, an increasingly important task to achieve as their rise in abundance
may have serious ecological implications. Questions regarding the variance of sea turtle diet
based on prey species can also begin being answered. The information provided by these answers
can be compared to the foraging habits of sea turtles in other parts of the world to provide
information regarding the variance of sea turtle diet based on location. How other species are
impacted by the presence of sea turtle foraging will be able to be addressed as well (i.e. Are sea
turtles influencing the populations of Rock crabs in Cape Cod Bay? If so, how?). Changes in
population density and species richness of such species are, furthermore, key factors to consider
in the analysis of seafood trade economics.

Background
In this study, samples from a variety of locations in the Cape Cod area were used in order to
analyze spatial variation in the isotopic values of invertebrate prey items of higher trophic level
organisms. Bays, estuaries, and sand flats can all be found on the coasts of Cape Cod, so it was
crucial we represented these regional differences. Furthermore, isotopic values can also vary
spatially because of differences in anthropogenic influence between different locations.
Although many of the predators that feed on these various invertebrates are omnivorous, this
study is focusing solely on the isotopic variability among marine invertebrate prey.

Methods
Intertidal Collections
The method used to find invertebrates was that of a BioBlitz (iNaturalist 2018). This was
completed by three members of this study for 90 minutes at each site. Crabs were collected using
crab traps at Scudder Lane at Barnstable Harbor, while non-crab species were collected by hand.
New species were collected, bagged, and labeled with relevant collection site and date info. To
euthanize, the samples were put on ice in a cooler. Once back in the laboratory, all samples were
kept in a walk-in freezer until they were ready to be processed. Prey item samples used in this
study were hand-collected at four different locations in Cape Cod Bay: Scudder Lane at Barnstable
Harbor, Rock Harbor (flats), Rock Harbor (docks), and First Encounter Beach (Figure 4).

Figure 4—ArcGIS map labeled with sample collection sites. Sites listed by abbreviation are locations
where samples were collected by members of this study, rather than donated by Massachusetts
Department of Marine Fisheries, National Oceanic and Atmospheric Administration, or Massachusetts
Audubon Society. Those sites include Scudder Lane (SL), Rock Harbor flats (RHF), Rock Harbor docks
(RHD), First Encounter Beach (FEB), and Wellfleet Bay (WB).

The first location visited was Scudder Lane at Barnstable Harbor. Here, there were five different
species collected for isotopic analysis (Table 1). The next site sampled was Rock Harbor, which
was divided into two different locations, the docks and the flats. In both the docks and the flats,
there were five different species collected for analysis. The last hand-sampled site was First
Encounter Beach. First Encounter Beach had four different prey species collected for analysis.

Collection Site
Scudder Lane at Barnstable Harbor

Species
green crab
blue mussel
oyster
periwinkle snail
quahog clam

Rock Harbor (docks)

Atlantic slipper
quahog clam
channeled whelk
oyster
blue mussel

Rock Harbor (flats)

oyster
Atlantic slipper
mud snail
ribbed mussel
periwinkle snail

First Encounter Beach

ribbed mussel
oyster
mud snail
periwinkle snail

Table 1—Invertebrate samples collected at each location sampled. Samples were collected by three
members of the study on November 14th, 2018.

Trawl collection
Samples provided by the Massachusetts Department of Marine Fisheries (MDMF), National
Oceanic and Atmospheric Administration (NOAA), and the Massachusetts Audubon Society
(Mass Audubon) were also used in this study. These samples were collected via the MDMF Trawl
Survey Effort (King et al. 2010). Furthermore, the samples we used in this study were collected
at depths ranging from 9 to 61m (Table 2).

Collection
Depth of Trawl
Site
(m)
66
10
83
18
86
31
67
30
3724
18
85
28
84
23
5
35
4
45
18
9
6
25
87
23
64
61
Table 2—Depth of trawl at each location sampled by MDMF, NOAA, and Mass Audubon. Samples ranged
from 9 to 61m. Samples from Wellfleet Bay did not include information regarding collection depth.

Further methods describing this survey method can be found in King et al.’s Massachusetts
Division of Marine Fisheries Trawl Survey Effort, List of Species Recorded, and Bottom
Temperature Trends, 1978-2007 (King et al. 2010). These samples were collected on Sept 4th, 7th,
16th, 21st, and 26th of 2018 at 14 different locations. Of the sites sampled by MDMF, NOAA, and
Mass Audubon, only one site had two species, site 87, which had both rock crabs and spider crabs
(Table 3).

Collection
Site
66
83
86
67
3724
85
84
5
4
18
6
87

64
Wellfleet Bay

Species
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Spider Crab
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Rock Crab Atlantic
Spider Crab
Moon Snail
Northern
Mud Snails

Table 3—Species sampled at locations sampled by MDMF, NOAA, and Mass Audubon. Samples were received
frozen in bags with relevant information (sex, location, date, depth, etc.)

Site 84 was the only site where only spider crabs were collected, site 64 was the only where a
moon snail was collected, and Wellfleet Bay was the only site where mud snails were collected.
The remaining sites only had Rock crabs collected at them. Samples were received frozen.

Measurements of samples
Prior to processing, samples were thawed for about 3 hours. Once thawed, all crabs and larger
invertebrate samples were weighed (g) and measured (mm) across their carapace or shell.
“Larger invertebrate” samples included the moon snail, quahog clams, and channeled whelk. An
electronic caliper was used to measure each sample at the widest point across their carapace.

Additionally, carapace length measurements were taken of the spider crabs as the widest point
was not always clear. The moon snail, quahog clam, and channeled whelk were measured at the
widest point of their shells.

Pooling of samples
All crab samples previously collected by MDMF, NOAA, and Mass Audubon were treated as
individuals to allow the analysis of stable isotopic variance not only between location and species,
but also individuals. Non-crab samples and crab samples collected by hand were pooled by
species and location to allow for average stable isotopes of species by location to be determined.
Furthermore, crab samples collected by hand were not treated as individuals like those collected
via trawl simply due to time restraints.

Soft tissue preparation
The soft tissue of each crab was removed using forceps, a hammer, and spatula. Each sample was
homogenized using a blender to allow for the most accurate isotopic analysis of each sample.
Samples were then dried in an aluminum weighing dish for 3-5 days at approximately 65⁰C before
being ground using a mortar and pestle. After ground to a fine powder, samples were transferred
to a 40mm scintillation vial.

Packing and acidification of samples
Once in scintillation vials, ~2mg of each sample was put into a 4X6mm aluminum tin, which was
then placed in a 96-well plate. These 4X6 aluminum tins were then placed into larger, 5X9mm

aluminum tins and then into 96-well Teflon plates for acidification. The acidification protocol in
this study was followed to ensure no shell or carapace fragments were in the 2mg samples that
used for isotopic analysis. To acidify the samples, 50µg of sulfurous acid (H2SO3) were placed into
the samples while in the two tins. If CaCO3 is in a sample, it can lead to 13C results that do not
accurately represent those in the soft tissue of the prey item. The reaction occurred for 5 minutes
before the Teflon trays were placed on a heat plate (70⁰C) for 15 minutes to evaporate the
sulfurous acid. To bring out any remaining sulfurous acid, 25µg of Milli-Q+ was added to each
sample, which was again evaporated on a heat plate for 15 minutes. To ensure the samples being
used for isotopic analysis were completely dry, samples were dried in a drying oven for an
additional 20 minutes at 60⁰C. After this, the samples were folded and compacted using small
tweezers.

Mass spectrometer
Folded aluminum tins with the acidified samples were given to Marshall Otter at MBL for the
determination of the samples’ isotopic values. At MBL, a Mass Spectrometer is used for isotopic
analyses.

Results
Isotopic analysis by prey organism
When comparing all of the species δ15N and δ13C values, variation was present between each
species and within species. Cancer irroratus, the Atlantic rock crab, had the greatest number of
samples, 51, and had a δ15N range of 9.29 to 13.83 and a δ13C range of -17.66 to -20.86
(Figure 5).

Figure 5— Stable isotopes of collected prey and sea turtle samples. Prey samples are categorized by
phylum/class: Arthropoda Malacostraca (circles), large Mollusca Gastropoda (diamonds), small Mollusca
Gastropoda (triangles), and Mollusca Bivalve (squares).

The δ15N of 13.83 was the greatest of any species in this study, while the -20.86 value was the
eighth lowest behind all seven the spider crab (Libinia emarginata) samples, which had a δ13C
range of -21.58 to -23.45. The spider crab’s δ15N range was 9.82 to 10.58. It should also be noted
that the single spider crab sample collected at Site 84 was not used as its soft tissue had fully

decomposed (Figure 3). The final crab sample, the green crab, had a δ15N value of 9.42, the
second lowest value of any crab sample behind the rock crab with a value of 9.29. On the
contrary, the Green crab had the greatest δ13C value of any crab sample with a value of -17.27.
Although most non-crab species had δ15N values that did not fall within the range of the crab
species, there were two gastropods that did, the channeled whelk and Northern moon snail,
which had values of 11.15 and 10.46, respectively. The Northern moon snail also had a greater
δ13C value than any of the crabs, -16.80, while the channeled whelk’s δ13C value of -17.49 was
greater than every crab except the green crab. The next greatest δ15N values of the non-crab
species was the quahog clam with values of 8.33 and 9.22. The δ13C values for the two quahog
clam samples were -19.21 and -18.07. After the channeled whelk and Northern moon snail, the
periwinkle snail had the greatest δ15N value of any gastropod with a maximum value 8.73,
however, this value was an outlier as the other two periwinkle samples had δ15N values of 7.24
and 7.42. The δ13C of the periwinkles ranged from -15.22 to -17.72. The remaining non-crab
species all had similar δ15N values, however, the three mud snail samples had δ13C values greater
than any other species in this study, including the crabs. The range of their δ13C values was -11.09
to -13.55, while their δ15N ranged from 6.87 to 7.69. The two Atlantic slipper samples had δ15N
values lower than any other species, 6.04 and 6.18. The bivalves in this study that were not
quahog clams had comparable δ15N and δ13C values. The four oyster samples had a δ15N range
of 6.69 to 7.21, while their δ13C ranged from -18.65 to -20.21. The two blue mussel samples had
δ15N values of 6.80 and 7.54, while their δ13C values were -18.35 and -19.21. The final species,
the ribbed mussel had two samples with δ15N values of 6.83 and 7.16, while their δ13C values

were -18.01 and -18.55. As a whole, the samples collected in this study had a δ15N range of 6.04
to 13.83 and a δ13C range of -11.09 to -23.45.

Isotopic analysis by prey organism with turtle samples
Our final analysis was comparing the isotopic values of all the prey organisms in this study to
that of the Kemp’s Ridley sea turtles analyzed by Abigail Rec. To do this, we simply added the
isotopic values of the sea turtles to Figure 5, which shows the isotopic values of all of the prey
organisms analyzed in this study (Figure 5; Figure 6).

Figure 6— Stable isotopes of collected prey and sea turtle samples. Prey samples are categorized by
phylum/class: Arthropoda Malacostraca (circles), large Mollusca Gastropoda (diamonds), small Mollusca
Gastropoda (triangles), and Mollusca Bivalve (squares). Each sea turtle individual is represented by an “X”
with color varying based on species and year of collection.

The results of this comparison showed similarities in the δ15N values of the Kemp’s Ridleys,
Northern moon snail, green crab, quahog clams, and some of the rock crabs, spiders crabs, and
periwinkle snails. The Kemp’s Ridley samples had a δ15N range of 8.1 to 10.6. Furthermore, the
δ15N values of the Kemp’s Ridley and green turtles varied, so only some of the individuals

compared to these prey organisms. The δ13C values of the Kemp’s Ridley turtles did not vary as
much as the δ15N values. The δ13C of the Kemp’s Ridley and green were similar to that of the
channeled whelk, green crab, Atlantic slipper, ribbed mussel, one of the quahog clams, one of
periwinkle snails, one of the blue mussels, and one of the oysters. The loggerhead turtle samples,
however, ranged from 9.76 all the way up to 13.05 in δ15N. Their δ13C values were comparable
to the Kemp’s Ridley and green sea turtles.

Discussion
Interspecies variability among marine invertebrate prey
Based on the results of our comparison between all of the species analyzed in this study, we were
able to conclude that the δ13C results reflected habitat variability (Figure 5). According to previous
studies, the lighter (more negative) an organism’s δ13C value is, the more likely it is feeding in an
offshore habitat where phytoplankton is the carbon source (Deegan et al. 2016; Nelson et al.
2015). Furthermore, the heavier an organism’s δ13C value is, the more likely it is feeding in an
upper estuarine habitat where macroalgal species (i.e. spartina) are the main carbon source.
Based on this assumption, organisms that fall in the middle of these two “extremes” likely feed
in inshore/mid-estuarine habitats. In this study, spider crabs had the lightest δ13C values, making
them the most likely to be feeding in an offshore habitat where phytoplankton is the main carbon
source. Rock crabs, Atlantic slippers, and all four bivalve species had the next lightest δ13C values
ranging from approximately -17 to -21. These values are indicative of feeding in a mid-estuarine
environment where the carbon source is a mix of phytoplankton and macroalgae. The final

species, the channeled whelk, Northern moon snail, periwinkle, mud snail, and rock crab had the
heaviest δ13C values, which is indicative of feeding in an estuarine environment where
macroalgae is the main carbon source.

When comparing the known diets of the organisms in this study to the trophic levels (determined
by δ15N) of the organisms determined by this study, we were able to conclude that δ15N was
indeed indicative of trophic level in marine invertebrates (Figure 5). Crabs, known as being
scavengers, showed the greatest δ15N values, and therefore trophic level, in this study (Alfaro et
al. 2006). The two predatory gastropods in this study, the channeled whelk and moon snail
showed similar δ15N values to the crabs in this study. Again, this shows that δ15N is indeed
indicative of trophic level as these two predators are known to feed on bivalves, which are on a
lower trophic level (Peemoeller 2013). The other gastropods and bivalves had the lowest δ15N
values in this study, which, again, demonstrates that δ15N is indicative of trophic level as
gastropods and bivalves are both herbivorous (with the exception of some gastropods that feed
on detritus, which would still land them in a low trophic level) (Griffiths 1980; Bertness et al.
1981).

Previous studies have demonstrated that human impact in the form of wastewater can lead to
heavier δ15N values in some species (Post 2002). This seems to have had an effect on a few
organisms analyzed in this study (Figure 5). Both Quahog clams analyzed in this study had greater
δ15N values than the other bivalves analyzed. Furthermore, both samples were collected at
heavily human impacted sites, Scudder lane and Rock Harbor (docks), both of which experience

heavy boat traffic and shell fishing. These sites are also both near homes. Other prey samples
that seemed to have elevated δ15N values were the periwinkle snails collected in the flats of Rock
Harbor, which is also a heavily human-impacted site.

Sea turtle habitat and foraging
The δ13C values of the juvenile Kemp’s Ridley, green, and loggerhead sea turtles were consistent
with that of a mid-estuarine habitat (Deegan et al. 2016; Nelson et al. 2015). Furthermore, after
accounting for the 3‰ fractionation that occurs in δ15N between trophic levels, we were able to
determine that the juvenile Kemp’s Ridley and Green sea turtles were, and likely still are, feeding
on bivalves and some gastropods. The loggerheads had similar δ15N values with the addition of a
few samples that had values exceeding that reached by any Kemp’s Ridley or green sea turtle
samples, demonstrating that they may be feeding on small rock crabs as well. These results are
very telling of how juvenile sea turtles are utilizing their environment while in Cape Cod, however,
sea turtles are migratory, so these conclusions may not be consistent with those of sea turtles
analyzed in other parts of the world. Furthermore, sea turtles are omnivorous, so the isotopic
values may change if the herbivorous portion of their diet is removed or altered.

Conclusions
The major takeaway away from this study is that juvenile sea turtles in Cape Cod are likely feeding
in mid-estuarine systems. Furthermore, the species they are foraging demonstrate isotopic
variability between species and within species, as seen in the rock crab. This study not only
determined isotopic values for the species it examined, but also elemental compositions of

organic carbon and nitrogen in the tissues of these species. The results of these analyses may be
of great use in future studies. Studies that may find these data useful may be those examining
the impact of human development on the acquisition and utilization of nutrients in marine
invertebrates.
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