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Abstract:

Animal species at the top of food watistentiallyplay major roles as top dovawontrols
in their ecosystems. Howevdng populations of many top predators were decimated before
these roles were understodtbw as these population numbers are reboundirggto protection
practices we are beginning to understand the important multifacetedheleplay in their
ecosystems.éals were extirpated from the Né#ngland areaand in justhelast few decades
their populatiomumbers have started itacreaseWhile their ecosystem functions are not yet
completely understood, is it speculated that seals contribute to the translocation of marine
nutrients to terrestrial environment$ien they haubuton beacheto rest, molt, and pustable
isotopic analysistotal nitrogen (N) content, total extractable N, and N mineralization rates were
utilized to determine the source of N content on Cape Cod, if there are higher N levels on
beaches where seals hawit compared to beaches where seals do notcuapand tle overall
ecosystem effects of seal haults on N cyclingo understand the implications the potential
translocation of marine nutrients has on the food webs of the beaches in the Cape Cod region
This study demonstratetthat seals are aiding in the trotsation of marine nutrients to terrestrial
coastal ecosystems and that this transiocas stimulating the N cycle leading to potential

impacts on plant and animal species found on the beaches where seals consistemily haul

Introduction:

Recentstudies on trophic subsidies, animal movement and migration, and nutrient
translocation havidlustrated that top carnivores play important roles in ecosystem funEton
example, studies dRacificsalmon populations have illustrated that these caresvare actually

mobile linksbecause of their role in transportiogrbon nitrogen, and phosphorowsements
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essential for the growth and productivity of ecosystdrog) the ocean to rivers and riparian
ecosystemgHelfield and Naimen 20Q6After spending most of their lives feeding and growing

in oceanic ecosystems, Pacific salmon return to spawn and die in their natas.sTiteese

returning salmon carry marine derived nutrients in their body tissues that support productivity in
streamsand terrestrial vegetation mediated through the transfer of nutrients between sadon
various predatorfHelfield and Naimen 2006 This examp# illustrates that carnivorggay

important roles in ecosystem functions including linking nutrients and etiegstimulate
productivity among ecosystems that would otherwise not be connected.

However, hese roles werence undeappreciated and the populations of mapgcies
were decimated before thesgas were completely understodébw as these population
numbers are rebounding due to protection pragtiegmansare beginning to understand the
important multifaceted roles that carnivorous species play in their ecosystems. The return of grey
wolves in Yellowstone National Park is a wkllown exampleHumans completelyextirpated
the wolvedy 1926 because they beliewb@twolves endangered livestock and were
responsible for the decimation of game species like elk, deer, and rRud®en(s 2004 and
Ripple and Besdh 2013. It was only whermpeople begarotrealize thathe overpopulation of
elk caused ecosystem imbalances, such asviligrazing of woody browse speciaad that
wolvescould control the elk populations that scienttsgan to reintroduce wolves into the
Yellowstone regiongmith et al. B03). While the direct effectsf the reintroduction of grey
wolves wereexpectedthere were a laif unexpected indirect cascade effects such as the
increasing of both beaver and bison population nun{Bepple and Beshta 20L2This

demonstrates that the grey wolves were contributing in many different ways to the ecosystem
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function of the Yellowstone region and that these contributions are complex in ways that may
not be initially visible.

Similarly, the return of seals to New Eagtl coastal environments may also restore
previously unsuspected ecosystem functioinseals The grey seal population in the Gulf of
Maine wasextirpated by humans ihe late 19 to mid-20" centuries as a result of state
supported bounty huntindi€lli et al. 2009. Seal populéions have increased 100ld, from a
few hundred to a few thousarfthm the 1970s to the 200@&cause of the passing of the Marine
Mammal Protection Act in 1972 that provgdseals and other marine mamnpaistection from
harassment, hunting, capture, and killirige(li et al. 2009. The repopulabn of sealsnay be
restoring old ecosystem functions but sitioe effectseals have on coasttosystems wenot
knownprior to their extirpationthere isstill uncertainty of wht these functions could be
(NOAA 20186).

One of these functions could be the translocation of nutrients from high productivity
marine environments to low productivity dune beach terrestrial environimgthgir
movementsNutrient fluxes betweemarine ystems and terrestrial systeoemneither increase
or decrease primary productivity, causcagcadig effects within the ecosystem angpacting
bothspecies divergitand abundance (Roman and McCarthy 20@u@dburg and Moberg 2015)
Sealsare semiaquatimarine mammals; they forage and hunt in marine systems bedurtaarh
coastal beaches in the sumrteerest and in the wintéo rest, molt, and puBpwen 1997,
Wartzok 1997)This movement between marine and terrestrial systems could be aiding in the
translocation of marine nutriergsich as carbon and nitrogenthe terrestrial beaches via waste

excretions and puppingnd this translocation could be alterihg composition and availability



Woods5

of nutrients andhe overall ecosstem functions of the beach@gtchell et al. 1979Kiszka et al.
2015.

Studying nutrient cyclingf carbon(C) and nitroger(N) with the aid of stable isotopic
analysis can be particularly useful in understanding the transfer of marine derived $wutrient
within coastal ecosystems \#ogenic sources such asimals(Lysak 2013) Stable isotopes
can be used to better understand trophic dynamics and in detgyismnirce origins of nutrients
because of characteristic signatuséplants at the base ofalecosystem food webs and trophic
fractionation as food moves up the food wWEbterson and Fry 1987 rophic fractionation
particularly occurs with®N, the heavier isotope than that of the comrfdhform. Because of
its lighter weightN is preferetially excreted, leading to an enrichment-3{ in organisms
higher up on the food chaifrganic matterinmariney st ems t ypi cNtlvdlugs have |
than organic matter in terrestrial systewsd further trophic fractionation through oceanic food
webs leads to seals to the top of the food web. fhusg her UGN15 val ues withi
plants on coastal beach systems could indicate an inpuair@ieN from biogenic marine
sourcegSchoeningeandDeniro 1984).

In this study, | want to determinegéals are aiding in the translocation of marine derived
nutrients to coastal terrestrial systems and what the olangitermecosystem effects are of
this translocationComparing N concentrations of sediments alagts found on coastal
terrestrial systems where seals consistently-batuto sediments and plants found on coastal
systems where seals are not present as waN‘&s/alues of both locations will illustrate if seals
are translocating marine derived nemts to coastal terrestrial environmentsranslocation via
seals is occurring, | would expebere to be higheX levelsas well as higheliiN*® valuesin

both the sdiment and the plant samples on the beaches where seals consisterlyt.Haul
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furtherexpectthat the increaseautrient levels will stimulate nutrient cycling processes, leading

to longterm ecosystem changes in the systems whereceastently hadbut.

Methods:
Field Sites

Sediment anglant samples were collected from ta@astal dune beadtcations, South
Cape Beach and Head of Meadow Beach, on Cape Cod, Massachusetts. South Cape Beach acted
asthei No S e asls@als doindt baalt at this location. Samples were collected from two
sites about half a mile apart atatkof Meadow Beach. The first site was a site where seals are
not expected to hawut in significant numberand was designated as the occasional seal site
The second site waskaownsummer/fall haubut site for about 200 seaBased on my
observations of seals on the beach at this sigehaulout siteextendedrom thelow-tide wash
zone to the highide mark on the beadnd was approximateB5 m wide. Samples at both sites
were collected in early November.

Field Sampling:

To collectsediment and plant samples at both locatiarggjd was set up, scaled to each
location. At South Cape Bea¢ho sealspnd the haubut site at Head of Meadow Bea(deal
hautout), this grid was 1@neters by 10 meters. At tloecasional sealite at Hed of Meadow
beach(occasional segl}his grid was 100 meters by 10 meters. The cdmtezontal lineof the
grid was placed at the high tide mark at each Sheee vertical transects were run from the
center line arero, five, and temeters on five mters on either side of the center migh the
exception of the seal haalt location where the transect at the center line was extended 10

meters towards the shoreline to achieve more dense sampling in tfwitearhe Along each



Woods7

transect, five centieterdeep sediment core samples were taken at every meter. A total of 33
sediment cores were taken igcé grid. At five meters atransect was run into the duresd
five centimetedeep sediment core samples weretakom the dry beach, foredyraadhigh
dune regiongFigure 1) A dune grass sample was collected from the high dune region at each
site and a marinmacroalgae sample was collected from the center of the grid at each site. Seal
scat samples were also obtained from the NOAA Northedstfés Center as well as the Head
of Meadw Beach seal hawut location.
Lab Analyses

Plant and sediment samples for all three locations were analyzedsiqgrercent organic
matter, totalC and N conten@and N° stable isotopic compositioA subsebf sediment samples
wasalso analyzed for N mineralization rates. Scat samples were analyzed for percent organic
mattertotal C andN cortent and N° stable isotopic compositioBefore all analyses were
performed, all samples were dried for 48 houSAC. For stable isotopic analysis, scat and
plant samples were ground and weighed into tin capsulesng was used for seal scat arél 5
mg was used for dune grass andrinemacrcalgae. To get reliable data for the sediment
samples, the organic mattwas floated out of the sediment with seawater and then filtered onto
a GF/F filter where % of each filter was used for stable isotopic analykss on ignition
method wasised to detrmine percent organic mattegnsplesweighing between 10 and 20
gramswere ashed at 450C in a muffle furnace for 5 hours. T™#aid N contentf plant and
sediment samples wedetermined through elementdlanalysison 20 to 30 mg ofround
sample(SES Particulate Carbon and Nitrogen Protocol 208€diment samplesere analyzed
for N mineralization rategsing colorimetric analysis to determine taatractableemmonium

(NH,") andnitrate(NOz). Analysis was run on samples before and after a two week incubation
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at 25C. Ammonium and Nitrate were extracted from the sediment cores by performing a 1M
potassium chloride extraction with 15 grams of sediment from bothetfle subsamplend the
incubated subsample and measured through colorimetric an&@#$sKCL extracbn of soils

for N mineralization 2016Zumdahl 1992Strickland and Parsons 1972, Solarzano 19680d

et al. 1967, and Griess 1879

Potential Translocation Model:

A model of the potential amount Bfseals could be translocating from marine
environmers to terrestrial environments was calculated using information collected from the
seal haubut site. The total possibh input from seal scat was calculated from the number of
sealsobservecdhauled out at the seal haat site, the area of the hanltsite, the number of
individual seal scat found in that area, #mel weight andN content of the seal scat. This was
calculated for varying durations of hamtts, including per hatdut (at low tide), per day
(hauling out twice a day at each low tide)dgrer six months (hauling out twice a day).
Statistical Analysis

If applicable, data were subjectedésts of standard error of the mean andlysis of
variancelANOVA, P<0.05). The sediment stable isotopic data were subjected to geigél

covaiance (ANCOVA, LowTide Wash Zone, P<0.01).

Results

A potential translocation modahd stable isotopic analysigere used to determine the
source of organic matter at each site. pbtential translocation moddemonstrates that seal
scat can contributep to 5815.1gN/n? to terrestrial systeni§the seals consistently haaut for

six monthgTable ). Comparison ofheiN*® valuesand C:N ratio®f the sediments to the
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potential organic matter sourceSN, sehscat, marine alga@and dune grass. Seal scat &ias
averagai N value of 16 , marinemacroagae hasati K value of 74 and dune grass has
i NPvalue of 0.3t (Figure 9. At all three sites, th& R values for the sediments from the
dune zone falbetween 3 and& . For the low tide wash zone, thelf value at tle no seal site
is about & . Thetli R values are elevated in the low tide wash zone at the occasiong@sseal
andthe seal hadbut siteq13a ) (Figure 3. C:N ratios of the potential organic matter sources
was also calculated. Seal scat has a low C:N ratio of 6.5 compared to the higher valdes of 32
marine algae an@8 for dune(Figure 4)

Total percent organic matter, total N content, and total extrackhllas also evaluated
at each site to determine if there are differences in nutrient content at beaches with and without
sealsThere is no significant difference in the average total percent organic matter in the
sediments at each site (Figure 5). Thegfrency distribution of the sediment percent organic
matter illustrates that the no seal site has the most variable distribution of percent organic matter
and the occasional seal site hiaes least variable distributidifrigure 6).There is also no
significant difference in the average percent organic matter found in the vegetation (dune grass
and marine algae) at each site, and these values are equal to the expeeseof y@rcent
organic matte(Figure 7) Overall total N content idow at each siteTheoccasional seaite has
the lowestotal N content, andhie noseal and seal haul out site angually equalin N content,
although there is more variability in total N content a the seatdwtdite(Figure 8) The total
extractable Nncludes total extractable ammonium and nitfeden each locatiomndfollows
the same pattern &stal N contentalthoughthe trends are more pronouncé&tie seal haubut

site has the most extractablgfgure 9)
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To determine the total ecosysteffeets on N cycling,tle rate of N mineralization was
calculated in terms of both gNfgt (assuming a 210 day growing season per year) and in gN/g
dry sediment/dayTherate of N mineralization is about four times higher at the sealthdidite

than at éher the no seal or occasional seal sjfggure 10, Figure 11)

Discussion:

| hypothesized that if seals are translocating marine nutrients to terrestrial environments
that there would be elevatéd®f values in the sediment samples from beachesendesls are
present. It was further hypothesized that this translocation would lead to higher total N content
on the beaches with seals and that the increased nutrient levels would stimulate N cycling.

A potential translocation moddemonstrates thaeal scat can contributesagnificant
amount of N onto terrestrial systemiben compared to the existing standing stocks of N at each
site (Table 1land Figure 8§) Thisinput of N could have a big impact on the coastal ecosystem
because sediment found oeathes are typically low in organic matter. Thus a high input of N
into a nutrient limited environment could have the potential to have a big impacbsystem
processeby stimulating the N cycle amabtentially adding to th&otal biomas®f that
environment

Atthenosealsite t PealiNes from sedi mefvaluesdthec h t he
organic matterindicating that a combination of dune grass and marine algae are contributing to
the organic mattex. This is also true for the dune zone sedimétit@occasional seal and seal
hautout sitegFigure 2, Figure 3)Thelow tide wash zorgeof both theoccasional seal and seal
hautout sitesh a d e | eSwaluestitht mond closely mac h  £°ladues bfkhe seal scat

than marine alga@=igure 4) An analysis of covariance (ANCOVAQr the lowtide wash zone
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between seal abundance (no, occasional, anddwuandli N values indicates that there is a
significant difference between seal abundancktaflf values (p <0.01)This indicates that the
sourcefor some of the N found at the occasional seal site and the sealuiasite is the seal
scat and that seals are translocating nutrients from marine systems to terrestrial Sgsiems.
scat has aow C:N ratio comparetharine algae and dune grgBgyure 4, suggesting that seal
scat decomposes fairly quickly in comparig@mapin et al. 2012)

Total percent organic mattefas also evaluated at each steletermine if there are
differences in nuient content at beaches with and without setere is no significant
difference in the average total percent organic matter found sethments at each site (Figure
5). An analysis of variance (ANOVA) further indicates that there is no differengeitotal
percent organic matter between sites (p <0.058¢. frequency distribution of the sediment
percent organic matter illustrates that the no seal site has the most variabletdistabpercent
organic matter anthe occasional seal site haviting least amount of variatigiigure §. This
could be attributable to the fact that this is a highly physically disturbed area with winds and
tides washing any organic matter away; the physical landscape is constantly changing. In
addition,seal scatvaste is high in organic mattdnas a low C:N raticand decomposédairly
quickly. Theseal scatould be decomposing before it has a long lasting impact amttiee C
content of théoeach systenT here is also no significant difference in the avegeent
organic matter found in the vegetation (dune grass and marine algaepyagteach site, and
these values are equal to the expected values of percent organiq Figiter 7) C content
between each site is not expected to change, but theoadalitN to the sites where seals haul

out might stimulate total biomass, which was not measured in this study.
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Total N content and total extractable N was calculated for eadio siteo determine
differences in nutrient conter®verall N content ifow at each sitewhich is as expectess the
sediments are low in percent organic maflée occasional sedite has the lowest N content,
and hefino seab andfiseal haul outsite arevirtually equalin N contentalthough there is more
variability in total N content a the seal haat site(Figure 8) An ANOVA further indicates that
there is no statistical differences in the total N content between all three sites (pKOe3g).
trends are unexpected in that with an increasing numissats there sluld be increasindyl
content.These unexpected trends coaldobe a result of the high physical disturbance of the
beachesnd quickly decomposing seal sCHbe total extractable om each location follows
the same pattern &stal N contentalthoughthe trends are more pronouncé&tie seal haubut
site has the most extractable &though it is not significantly different than the other two sites
(Figure 9) Total extractable N is the amount of ammonium and nitrate that can be extracted by a
particdar solution from the sedimerixtractable N pools in soils and sediments are controlled
by organic matter inputs, among other procedResdt al. 2009. At the seal haubut site, there
is an increased addition of N from seal scat. This increasegttiaetable N content of the
sediments, explaining why there is only a slight difference in totaiitentbetween each site,
but a more pronounced difference in total extractable N between each site.

The rate of N mineralization is about four timeshagand significantly differenat the
seal haubut site than at either the no seal or occasional seal(Bigese 10, Figure 115eal
scat has a very low C:N ratio compared to the marine algae and dune grass. This plays a role in
N mineralization ratein that seal scat is highly decomposairid is derived from animal prey
and thus has a high protein contdrite higher N contentound in the seal scat may also be

facilitating the decomposition of other organic matter sources that have higher C content, thus
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freeing up nutrients into forms that caotentiallybe used by plants growing on the beach/dune
area(Chapin et al. 2012)
Conclusions:

Thereis evidencdrom stable isotopic dathatsealsare vectors for thanslocation
of nutrients from the marine environments to the terrestrial beaches on which they are hauling
out. There is also evidence through N mineralization rates that the N cycle is stimulated by the
additional input of Nrom seal scainto the terestrial systemd-dowever, dta on the percent
organic matter in both plants and sediments and total N content in the sediments at each site
indicate that the ecosystem effects of this increased N input are not yet impacting the total
ecosystem. It wouldédinteresting to investigate if there is a greater ecosystem impact at
locations whergreater densities aleals haubut in both the summer and the winter. In the
Cape Cod region,mthe islands oMuskegetand Mononoy thousands adealshaulout over
mile longstretche®of beachin thesummerand hawout up into the dunes in the winter to pup
Both waste excretions and the placenta fthenbirth of pup$ead to high inputs of N which will
stimulate the N cycledigh N mineralization ratecould lead tancreased plant growihn the
dune aredghus impacting other species in the rest of the foodwiebrely on those plants as a
food source. It woulddinteresting to conduct the samedst and analyses at these types of
locationsto further understand ¢himpacts the translocation of marine nutriewiis the sealsare

having on terrestriatoastakystems.
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Figuresand Tables
Figure 1.
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Figure 1: A) Arial photograph of a seal haalt zone on Monomoy Islan) lllustration of field
sampling procedure. A grid system was set up at each field site: South Cape Beach, Head of
Meadow, and Head of Meadow, Seal Hault site. The center of the grid was placed at the high
tide line, and sediment samples, illustratedigyred circles, were taken at one meter intervals
either side of the center line. Samples were also taken from the dry beach/dune zone. At the seal
hautout site, an additional five samples, spaced every meter apart in the low tide wash zor
takenfrom the center vertical line to achieve denser sampling in the seabiizatne.
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Table 1
A) Base Information for Potential Translocation Model
Number of Seals 45
Area of Haul Out (m?) 832
Number of Scat 42
Weight of Scat (g) 667.19
Average N Content (ug N/g scat) 30.23
B) Potential Translocation Estimate
Duration of Consistent Haul-Out N input (ug N/m?)
Low-Tide 22.6
Day 45.3
6 Months 5814.8

Table 1. A) Base information collected at seal haut site.B) Potential translocation estimate
model of the totapotential N input from seal scat
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Figure 2.
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Figure 2: U NP values per type of sample collected: marine algae, dune grass, and seal scat. The
a v er a‘YveluefoNeach sample type is represented in red.
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Figure 3.
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Figure 3: U RP values of sediments collected from the dune zone andidmwash zone of each site.
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Figure 4.

C:N Ratios of Potential Organic Matter Sources
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Figure 4: C:N ratios of each potential organic matte source: seal scat, marine algae, and dun:
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Figure 5: Average percent organic matter found in the sediments at each site. Erl

bars were calculated as standard error of the mean.
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Figure 6.
Frequency Distribution of Sediment Percent Organic Matter
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Figure 6: Frequency distribution of the percent organic matter of the sediments collectec

each site.
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Figure 7.
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Figure 7: Average percent organic matter found in plants (dune grass and marine algae). Errc
were calculated as standard error of the mean.
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Figure 8.

Average Nitrogen Content in Sediments
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Figure 8: Average nitrogen contejigN/g dry sedimenti the sediments sanga at each
site. Error bars were calculated as standard error of the mean.
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Figure 9.
Total Extractable Nitrogen
25
s 20
£
©
@ 15
z
1.0
20
2
2 05 7Iﬁ
2
0.0
No Seals Occasional Seal Seal Haul-Out
Field Site

Figure 9: Total extractable nitrogen content (ugN/g dry sediment) in the sediments sampl
each site. Error bars were calculated as standard error of the mean
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Figure 10.

Nitrogen Mineralization Rates
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Figure 10: Nitrogen mineralization rates (gN7g) at each site.
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Figure 11

Figure 11: Nitrogen mineralization rates (gN/g sediment/day) at each site.



