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Forage species are key nodes in the energy uxes between benthic and pelagic zones. The squat lobster, fl Munida

gregaria, is a common forage species of the Southern Hemisphere and its abundance is increasing. This species

presents two ecotypes: one ( ) that settles on the sea bottom immediately after the metamorphosissubrugosa
and another (gregaria) that remains in the water column for a variable period of time, before adopting a benthic

habit. Hypotheses on its settlement are conflicting; one proposes that it is a density-dependent process of the sea

bottom and the other that it is regulated by the availability of pelagic food. To rule out whether feeding factors
could be significant in the decision-making process, the rst step is to identify whether the ecotypes have differ-fi

ent diets or not. This study compared the isotopic niche location, the trophic levels and the reliance on benthic or

pelagic res ources betwee n ecotypes. Among all sa mpling event s, the isotopi c ni ches of the and thegrega ria 
subrugosa ecotypes were significantly distant from each other. In addition, the difference in δ13 C values between

ecotypes covered an average of 75% of the total difference between pelagic and benthic pathways. Benthic indi-

viduals relied mostly on benthic animals, while pelagic individuals relied on pelagic primary producers. Overall,

results show that each ecotype feeds mainly on different energy pathways. Considering its feeding ecology and
movements during life history, M. gregaria is a key component of bentho-pelagic coupling.

© 2018 Elsevier Inc. All rights reserved.

Keywords :

Squat lobsters

Bentho-pelagic coupling

Diet sources

Feeding ecology

1. Introduction

Subtidal marine habitats are vertically divided into pelagic and ben-

thic domains. These zones are connected via vertical processes, such as
deposition of organic matter, upwelling of nutrients, and daily migra-

tion of organisms (  Graf, 1992). Bentho-pelagic coupling is the umbrella
term applied to describe all causal relationships (distinct to simple cor-

relations) between these two domains (Smith et al., 2006). Forage spe-

cies that form dense aggregations, feed on plankton, and are consumed
by demersal predators are key actors of the bentho-pelagic coupling.

Therefo re, the se sp ec ies play an impo rtant role in marin e food we bs
by transferring the energy of primary production events to top preda-

tors ( ) all alon g the vert ical distri bution of benthi cSmi th et al., 201 1

and pelagic zones. Likewise, population dynamics of forage species af-
fect processes that go from the regulation of commercially important

specie s ( ) to massiv e oceanog raphic eventsPikit ch et al. , 2014
(    Carscadden et al., 2001).

The squat lobster (Fabricius, 1793) is an importantMu nida g regaria 

forage species of the Southern Hemisphere, commonly found in New

Zealand, Chile, and Argentina. In Argentina, it is a major component of
the marine animal biomass, with average densities of 4 tons mn −2 re-

ported for Sa n Jorge Gulf ( ), and is observ ed fromRa valli e t a l., 2013 

Buenos Aire s (34° S) to Cabo De Hornos (56° S) ( ).Boschi et al., 1992
Over the last decade the abundance of this species has grown on the Ar-

gentinian shelf, where acoustic studies detected an increase of densities
in the water column ( ), and its biomass increased inDiez et al., 2016a

benthic shrimp (Pleoticus muelleri) catch es (    Ravalli et al., 2013). This in-

crement in abundance impacted on operational issues in the shrimp-
fishery sec tor, hinder ing t he ac cess t o the stoc ks ( De la Garz a et al.,

2011), displacing shrimps' stock location (    Roux et al., 2012), and chang-
ing catch composition ( ). In terms of trophic dynam-Ra vall i et a l., 201 3

ics, it had a major brunt on the diet of the Argentine hake Merluccius

hubbsi, the most import ant n sh shery resource of the Pata gonianfi fi fi

shelf. The h ake has increase d the consumpt ion of M. greg aria u p  to

100% in several areas (Belleggia et al., 2017). T herefore, a bet ter un der-
standi ng of the m ain sourc es subsi dizing th e develo pment of th e

‘M. gregaria’ population is crucial in this system.

This squat lobster presents two different morphotypes, “ ”gregaria
and “subrugosa”, with morphological differences in several features of

the cara pace, the thir d max illiped, the eyesta lk, and the ma nd ible
( ; ; ; Chil ton, 1909 Rayn er, 1935 Tap ella and Lovric h, 2006 Willia ms,

1973). The differentiation between morphotypes occurs during larval
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development and is accompanied by a shift in their life history (Rayner,

1935). After the megalopa stage, while the morphotype set-subr ugosa 
tles on th e bent hos dire ctly and re mains there for its e ntire li fe, th e

gregaria morphotype aggregates in swarms on the water column and

settles later in the juvenile stage or rst adult stages. The duration offi

the pelagic period for gregaria is supposed to be variable, described to

be as long as the summer season (  Zeldis, 1985). However, recent obser-

vations suggest the pelagic phase is longer in Argentina, since one- or
two-ye ar-old adult s were foun d in the wa ter col umn ( Diez e t al.,

2012, 2016a) and pelagic swarms are detected throughout the year in
Patagonia. Both and subrug osa gregaria morphotypes of this squat lob-

ster show no genetic differentiation despite their pronounced bimodal
morphologies and different life styles (    Pérez-Barros et al., 2008; Wang

et al., 2016) and represent two different ecotypes of this species (see

Engelhard et al., 2011;   Turesson, 1922 for ecotype de nition).fi

Factors c ontrolling the duration of the pela gic pe riod are under di s-

cussion, but based on the available information, two hypotheses are the
most widely supported: (1) As the species presents agonistic behavior,

which is inten sified at higher densities (    Thiel and Lovrich, 2011), settle-

ment is a density dependent process and higher abundance of benthic
indivi duals trigge rs th e develo pment of the pelagi c ones (Zeld is,

1985); and (2) the permanence of individuals in the water column is
regula ted by the av ailabili ty of foo d ( ;Va risco and Vi nuesa, 2 010

Williams, 1973), and hence, more successful phytoplankton production

events are expected to generate bigger swarms, independently of the
benthic densities.

Diez et al. (2012) described the swarm's vertical movements along
the water column using hydroacoustic surveys and identified aggrega-

tions of gregaria both next to the bottom and at the surface. They sug-

gested th at ve rtical move m ents respon d to fe ed ing purpos es, whe re
indivi duals could be swimmi n g down to eat on the sea bot tom but

would remain at the water column later due to the density of benthic in-
dividuals. A prediction derived from the rst hypothesis and fi Diez et al.

(2012) observation is that individuals from both origins share benthic

food sources, and their diets are mainly overlapped. In contrast, the sec-
ond hyp othesis pred icts th at pela gic an d benth ic indi vidual s should

have distinct diets feeding in different pathways. In this scenario, the
growth of ecotype population would be mostly subsidized bygregaria 

the pelagic pat hways. Therefore , it wou ld be impor tant to ru le out if

the diet of the gregaria ecotype overlaps with the diet of the subrugosa
ecotype.

The diet of was studied using gut content analysis on theM. gregar ia 
Beagle Channel and San Jorge Gulf , locations tha t are 1000 km apa rt.

Benth ic indivi duals fr om th e Be agle Chan nel fed on cru stacea ns,

worms , macro algae, sedimen t, an d partic ulate organ ic matt er
( ). Th ere, pelagi c ind ividuals pre sented sim ilarRomer o et al., 200 4

prey items, bu t they a lso con tained unicel lular algae (Di ez et a l. ,
2012). Analogous results were found in the stomach contents of benthic

individuals from the San Jorge Gulf (    Vinuesa and Varisco, 2007), but for

this area, there are records of consumption of shery discards (fi Varisco
and Vinuesa, 2007;    Vinuesa and Varisco, 2007). On the other hand, pe-

lagic indi viduals from Sa n Jorge Gu lf had pla nktonic compo nents as
dominant items in their stomach contents, such as copepods and dino-

flagellates (    Varisco and Vinuesa, 2010). This matches what is described

for pelagic individuals of New Zealand, which graze on harmful dinofla-
gellates in significant amounts (    MacKenzie and Harwood, 2014). How-

ever, until now, diet comparison between ecotypes based on stomach
contents have not been done at the same location and time.

Stomac h conte nt ana lysis stron gly depe nds on tim e and place of
c a p t u r e ,  r e flecti ng only undig ested it ems at the m oment of capt ure.

Not only does it detect a fraction of the diet, but it also overestimates

food items that are more dif cult to digest. In addition, not everythingfi

in the stomach is incorporated into the animal. Stable Isotope Analysis

(SIA) is broadly applied to describe food habits in marine ecology and
integr ates digest ed item s over lo n ger am ounts of t ime. Th e diet be-

tween morp hotypes wa s com pared at the Beagl e Cha nnel us ing SIA

(    Pérez-Barros et al., 2010). However, all samples came from the benthos

since individuals were captured using trawl nets. Then, feeding ecology
of the gregaria morphotype at its pelagic phase remains unstudied.

The northern Patagonian shelf is a highly productive area where in-

dustrial and artisanal sheries overlap with tourist and recreational ac-fi

tiviti es. Coasts of the Pa tagonia n gulf s ar e b re eding site s fo r se veral

species of marine mammals and seabirds (  Yorio, 2009), which also in-

cludes both nursery and feeding grounds for sh and invertebrates offi

commercial importance like hakes, anchovies; Engraulis anchoita, and

shrimps. Particularly at San Jorge Gulf, two important bottom-trawling
fi fisheries take place; the industrial shery of the shrimp, the most im-

portant crustacean shery of Western South America, and the industrialfi

fishery of the hake, which is the principal nfi fi fish shery of the country

( ). Both sheries discard thousands of tons of by-Góngora et al., 2012 fi

catch every year, including M. gregaria. In contrast, there is no fishing ac-
tivity at Nuevo Gulf.

At this system, the squat lobster represents a major component of
the pela gic and benth ic bi omass, it is im portant to correc tly id entify

the nutritional pathways of each ecotype, which would contribute to

pinpointing factors controlling the pelagic phase. The main goal of the
present study was to test the isotopic niche location of co-occurring pe-

lagic and benthic individuals of M. gregaria and estimate the contribu-
tion of pelagic and benthic energetic pathways to their diets at several

locations of the Patagonian shelf.

2. Materials and methods

The study was con ducted in the north ern sea of Patago ni a,

Argentina. Four sites were located at San Jorge Gulf and one at Nuevo

Gulf ( & ). Sampling events occurred in three different sea-Fig. 1 Table 1
sons throughout 2016 2017. Sampling event 1 took place in summer of–

2016 in the north western c oast of Sa n J orge Gulf; events 2, 3 and 4 took
place the following spring, sampling south western coast, the center and

north eastern coast of San Jorge Gulf; and event 5 occurred the following

autumn 2017 in Nuevo Gulf (  Fig. 1).
Values of δ13C a n d δ

15N were used to describe and compare the diet

of the two ecotypes of M. gregaria in terms of their trophic position, iso-
topic niche location, and the degree of association with benthic or pe-

lagic pa thways . In c omparati ve studi es us ing SIA, is otopic b aselines

are a nec essary ref erence of ea ch is otopic value to the main trop hic
pathwa ys of it s lo cal en vi ronmen t. Achiev ing the correc t es timati on

and differentiation of pelagic and benthic baselines is logistically and
analy tically chal lenging. Pri mary c onsumer s are the best choi ce to

build isotopic baselines because they integrate longer and more impor-

tant temporal variations in a marine ecosystem, such as phytoplankton
blooms (    Jennings and Warr, 2003). Bivalves were used to estimate the

benthic baseline, since these lter feeders use a combination of phyto-fi

plank to n and associate d m aterial tha t su pports benth ic producti on

( ). Zoopla nkton sma ller than 300 Jenn ings and Warr , 2003 μ m wer e

used to estimate the pelagic baseline, as in ,Badalamenti et al. (2008)
since th is fract ion is com posed ma inly of sm all herb ivore cop epods

( ; Pérez Seijas et al., 1987  Giménez, 2018). The combination of pelagic
grazers (zooplankton) and benthic lter feeders (bivalves) was success-fi

fully used to estimate the reliance on benthic/pelagic affinity prey by Le

Loc'h et al. (2008). Then, at each sampling location, a sample set was
built wi th in dividua ls of both ec otypes and s amples of pr imary con -

sumers from both pelagic and benthic pathways. To minimize temporal
variation within each sample set, all the components were collected the

same day. Plankton nets (mesh size 160 m) were used to capture pe-μ

lagic individuals of M. gregaria and zooplankton. Fresh samples of zoo-
plankton were split by size into two subsamples ( 300 m and 300b μ N

μm). Benth ic or ganisms were c ollecte d with a small be am t rawl
( 0.6 m horizontal opening) and sorted fresh. Species composition of bi-∼

valves was different at each sampling location, but consensus was pos-
sible by selecting species with the same epifaunal habit and size range

( ). All squat lob sters of the study were adults (cep halothoraxTable 1
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length 13 mm) and samples were frozen immediately after collection.N 

Back at the laboratory, samples were assigned to each morph, ensuring

all benthic samples used were only morph, and the pelagicsubrugosa 

samples were only morph. Individuals were dissected selectinggr egaria 
muscle tissue. Muscle samples and zooplankton samples were dried for

72 h at 60 °C, converted into a ne powder and 1.25 g per samplefi ≈ μ

were sent for stable isotope determination, without applying any treat-

ment. Sampling event n° 1 was analyzed at the Isotope Facility at Cali-

fornia Davis Univer sity, an d la ter samp ling even ts, n° 2, 3, 4, 5 we re
analy zed at th e St able Iso topes Cente r of th e Un iversit y of Ne w

Mexico. Internal standards used in Davies were G-11 nylon, G-13 bovine
liver, G-17 USGS-41 glutamic acid, and G-9 glutamic acid. Mean SDs of

reference materials were 0.11‰ and 0.20‰ for δ13C and δ
15 N values re-

spectiv ely. For sample s an al yzed at the Stabl e Isot opes Cente r of the
Univer sity of New Me xico, in ternal sta ndards we re s oy, tuna an d

whey protein, casein, IAEA N1, IAEA N2, USGS 42 and USGS 43. Mean
SDs of ref erence m aterials were 0.0 3 an d 0.0 8 fo r ‰ ‰ δ

13C and δ
15 N

va lues r esp ecti vely.

Isotop e nich e locati on were comp ared f ol lowing the h ypothes is-
testing framework proposed by     Turner et al. (2010) in which centroid

locations of both ecotypes are studied using nested linear models and
residual permutation procedures (see for statisticalTurner et al., 2010 

details). As centroids are the mean values of a group, their location rep-

resents th e cor e of the aggr upation. Therefore, if d istances betw een
groups are stat istic ally si gni ca nt, a diff erence betwe en t he diet s offi

each gr ou p could be assu med. Secon dly, sam ples of al l si tes were
grouped, and pelagic and benthonic niches were compared using cen-

troid distances and testing the overlap between their standard ellipses

(    Jackson et al., 2011). Standard ellipses describe t he bivariate variability
in the isotop ic space and th e overla p between the elli pses of both

groups was in terpreted as the overl ap be tween their is otopic nich es
(    Jackson et al., 2011).

The contribution of the pelagic and the benthic energetic pathways

to the nut rition of ea ch ecotyp e (re liance on benthic /pelagic affin i t y
prey) was estimated by solving a mixing model with two sources (e.g.

Melville and C onnolly, 2005).

δ
x X consumer –Δ

x X ¼ X ƒsource i δx Xsource i 1ð Þ

and

X ƒsource i 1 2¼ ð Þ

The trophic enrichment factors (TEF) should be the trophic discrim-
ination values (Δ 15N and Δ 13C) multiplied by the difference between

the tr ophic level (T L) of the cons umer an d the TL of t he orga nisms

used to estimate the isotopic baselines (λ).

TEF ¼ Δ x X TL consumer−TLbaselineð Þ  ð3Þ

Fig. 1. Study site location. Sampling events are noted by numbers in order of occurrence = N° 1: January 2015; N° 2, 3, 4: November 2016; N° 5: March 2017. The Beagle Channel

(frequently mentioned as an antecedent) is noted by a hexagon.

Table 1

General information of sample collection events. Sampling events are arranged in columns in consecutive order. Rows show sampling date, location name, coordinates (lat/long), depth

and the species used to estimate the benthic baseline.

Sampling event 1 2 3 4 5

Date January 2016 November 2016 November 2016 November 2016 March 2017

Location (lat/long) North West GSJ South West GSJ Center East GSJ North East GSJ Golfo Nuevo

45.04 65.78 46.90 65.71 46.62 65.71 45.91 65.46 42.76 65.01

Depth (m) 27 72 96 74 25

Benthic baseline species Aequipecten tehuelchus Neilonella sulculata Malletia cumingii Pitar rostratus Diplodonta patagonica

3M. Funes et al. / Food Webs 16 (2018) e00101



The TL of each consumer can be estimated following the equations

by :Post (2002a)

TLconsumer ¼ λ

þ δ 15 N consumer – α δ
15 N benthic baseline þ 1−αð Þ δ

15 N pela gic b asel ineh i� �=Δ
15 N

ð Þ4

where α is the proportion ultimately derived from the base of the ben-

thic pa thway ( ). Giv en th e p rop ortion al in put is in thePos t, 200 2a α 

equation for TL, and TL is in the equation of the mixing model, there is

circular reasoning without mathematical solution. Therefore, we built

an iter ative ro u tine to ca lculate feas ible valu es of TL and (α Pos t,
2002a). To estimate the feasible values of TLconsumer, we performed a n

iterative procedure slightly modifying the routine developed to evalu-
ate th e model outr ight f or mix ing mode ls (Smi th et al., 2013) .  I n

Eq. TL(3) consumer varied from 2 to 3.5 (by 0.1 TL increments) and con-
sumers were tes ted to s atisfy the poin t in the polygo n as sumptio n

(     Smith et al., 2013, example of outcome in Fig. 2). To identify the feasible

values of TL of each ecotype, we estimated the probable contributions of
each pathway using the Bayesian model SIAR ( ). InParnell et al., 2010

the absence of speci c fi Δ 15N and Δ 13C values for , we usedM. gregaria
an approximation derived from values of other marine decapods. Liter-

ature informed Δ 15N values ranging from 2.4 (‰ Litopenaeus vannamei

Parker et al., 1989) to 3.6 ( and ‰ Nihonotrypaea japonica N. harmandi
Yokoya ma et al., 2005). Th us, we used the ge neral valu e of Δ15 N =

3 . On the other hand, informed ‰ Δ 13 C values were higher than the gen-
eral value Δ13C = 1‰, ranging from 1.7 (‰ Litopenaeus vannamei Pa rker

et al., 1989) t o 2 .2‰ (Niho notrypa ea japonica a n d  N. harmandi

Yokoyama et al., 2005); then, we ran the iterative procedure for three
possi ble va lues: 1, 1. 5, an d 2 . Un certainty a round eTEF wa s set a t‰

0.5 and around sources at 0.3 . All calculations and iterative proce-‰ ‰

dures were written and performed in the R language (version 3.4.3, R
Develop ment Core Tea m, 20 17).

3. Re sults

A total of 58 samples of squat lobster were analyzed, with 4 or 5 in-

dividuals per ecotype per station. Meanwhile, a minimum of three sam-
ples per of zooplankton and bivalves were used to construct pelagic and

isotopic baselin e. Zoop lankton and bivalves δ13C values showed enough
distance to allow possible differentiations between pelagic and benthic

pathways (mean difference of 3.5‰) (  Table 2). Similarly, pelagic and

benth ic sq uat lo bsters pres ented a mean differ ence of 2 .5 in th eir‰ 

δ
13C values . Gregari a ecotyp e (pe lagic) vari ed betw een 17 .4 and−

− −1 9 . 2 ‰, whil e zoo plankto n sig nature did so betw een 19.2 a nd
−2 1 . 8 ‰. On the oth er h and, eco type (be nthic) pr esentedsubr ugosa 

higher δ13C values, a more restricted range (from 15 to 16− − ‰) and
higher prox imity to the be nthic ba seline values ( 15 to 17 .9 ;− − ‰

Table 2; Se e schem e i n Fig. 3). C onsidering both C and N is otopic compo-

sition, results showed that in both gulf all along the sampling events,
benthic and pelagic individuals of occupied different loca-M. gregaria 

tions at the bivariate isotopic space ( a, b, c, d, e; ). CentroidsFig. 4 Table 2
between ecotypes were located significantly distant from each other (all

p values 0.005). In addition, data grouped by ecotype also presentedb 

similar values among groups, which could be split into two main do-
mains of pelagic and benthic individuals, ellipses of which did not over-

lap, and centro ids were again locate d signi cantly distan t from ea chfi

other (p = 0.001, Fig. 4 f;  Table 2). Then, the described pattern was con-

stant throughout gulfs, deeps and seasons.

Results showed that the specific value for decapods, Δ13 C = 2‰ was
the best choice to satisfy the point in polygon assumption of the mixing

Fig. 2. Example of the iterative routine used to estimate feasible trophic levels (TL). Black dots show isotopic composition; crosses show pelagic and benthic meanMunida gregaria 

baselines corrected by the effective TEF, and lines are the probability contours which indicate how often a mixing polygon enclosed an area. Models with any consumer outside the

outermost contour (the 5% contour), do not satisfy the point in polygon“ ” assumption (see ). Panels show four of the iterations performed for Smith et al., 2013 gregaria ecotype in site

5 (Nuevo Gulf). Model with TL = 2.5 satisfied “point in polygon assumption while TL = 2, 3 and 3.5 do not.” 

4 M. Funes et al. / Food Webs 16 (2018) e00101



model . Th e TL of th e ecot ype was lower than the TL of thegrega ria 

subrugosa gregaria ecotype ( ). The TL of the Table 3 ecotype varied be-
twee n TL = 2 and TL = 2 .6, whil e the TL of t he subrugosa ecotype varied

from TL = 2.4 to TL = 3. Contributions of the pelagic and benthic path-

ways to the nutrition of the sampled individuals were different for both
ecotypes. The ecotype (pelagic) consumed resources of bothgregaria 

energetic pathways (  Table 2), although the pelagic pathways contrib-

uted more (from 40% to 87%) than the benthic (from 13% to 60%). The
nutrition of the ecotype (benthic) relied mostly on benthicsubrugosa 

resources ( ), and the pelagic pat hway wa s impo rtan t (h igherTa ble 3
than 40%) only in two extreme cases of the range of feasible contribu-

tions (Site 2 with TL = 2.7 and Site 3 with TL = 3).

4. Discus sion

Across all samples, pelagic and benthic pathways showed important

differences in δ13C values, which allowed an easy discrimination of their
contributions to the diet of both ecotypes. Overall, the isotopic niches of

pelagi c and be nthic individ uals of resu lted differ ent. TheM. greg aria 

present results are the rst evidence of a trophic difference in the iso-fi

tope ratios of co-occurring individuals of each ecotype. In all sampling

events, the ecotype showed lower gregaria δ
13C values; moreover, the

difference in the mean isotope ratios of the ecotypes followed the differ-

ences between the pelagic and benthic pathways ( ). In addition,Fig. 4

the δ15N values of the ecotype were always lower than theirgregaria 
benth ic conspeci cs, and clo ser to T L = 2. Thus , pe lagic mic roalgaefi

are like ly to be the main food item of the ecotype, while thegregaria 
benthic group seems to be feeding mostly on detritus and benthic sec-

ondary consumers.

The results presented here do not support the hypothesis of pelagic
individuals mainly eating on the benthic oor ( ) andfl Diez et al., 2012

using the water column to escape from the agonistic behavior of con-
speci cs (Hypothesis 1; ). Based on the previously postu-fi Zeldis, 1985

lated hypothes es, a vailabili ty of food in the water c olumn could b e

playing an important role in the duration of the pelagic phase (Hypoth-
esis 2; ; ). The main processVarisco and Vinuesa, 2010 Williams, 1973

controlling the duration of the pelagic phase for the gregaria ecotype re-
mains unknown, but it is still possible that conspecific benthic densities

could be shaping their permanence on the water column ( ).Zeldis, 1 985

However, even if the agonistic behavior is the key factor triggering the
pelagic population, at least they do use different food resources at that

stage , an d phyt oplank ton availab il ity is importa nt. Consider ing the
wide distribution of the species in the Southern Hemisphere, the extent

of the patterns described here could be local and it would be interesting

to test suc h nic he di ffere nt iation at ot her locati on of M. gregar ia
distribution.

Our results are in agreement with previous ndings by fi Va risco a nd
Vinu esa (20 10) about pelagic individuals consuming phytoplankton in

the San Jorge Gulf, and it is important to consider several consequences

of this behavior: In one hand, interactions between primary consumers,
such as competition for resources, could be taking place. In Peru, for ex-

ample, the squat lobster, Pleuroncodes monodon, and the Peruvian an-
chovet a, , were fo und to share thei r ecolo gic nic heEngr aulis ri ngens 

( ). Likewise, there is a niche overlap between theGutiér rez et al. , 2008

lobster Nephrops norvegicus Munida sarsi and in Bay Biscay, USA and it
was suggested that the competition for resources could be compromis-

ing the stock recovery of the lobster (     Lovrich and Thiel, 2011 and cita-
tions wi thin). I n th e Beagl e Ch annel, a spatial over lap betw ee n

Sprattus fueguensis gregaria and ecotype was reported, and a niche over-

lap wa s suggested (Di ez et al., 20 12;    Diez et al., 2018). Another possible
intera ction c ould be taking p lace in San Jorge Gulf wi th the shri mp

Peisos petrunkevitchi, an abundant forage species tha t feed on phyto-
plank to n and det ri tus ( ). Between 200 6 andMall o and Bosc hi, 1982 

2014, the frequency of occurrence of P. petrunkevitchi in the diet of the
hake changed from 45% to 4%. This happened in correspondence with

an increa se in t he oc currence of on the ha ke 's d ietM. gr egaria T
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Fig. 3. Schematic comparison between mean δ13C val ues of Munida gregaria ecotypes and isotopic baselines. Comparisons are arranged by sampling event order. Gregaria ecotype is drawn

in black while subrugosa ecotype is drawn in grey. Bold lines show the differences between ecotype's values; whereas the lighter lines show the difference between the pelagic an d the

benthic pathways. Numbers next to each line indicate the absolute difference in δ13C val ue s.

Fig. 4. Biplots δ13 C vs δ15N. Captions are organized by sampling event order a = 1, b = 2, c = 3, d = 4 & e = 5. Caption f shows values of all sampling events combined. Light grey dots“ ” 

represent benthic individuals while dark grey dots represent pelagic individuals. Centroid location of each group is indicated by a diamond while pelagic and benthic baselines and their

standard deviation are represented by error bars, following the ecotype tone: light is benthic and dark is pelagic. In caption f each ecotype is bordered by its corresponding corrected“ ” 

standard ellipse SEAc.
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(    Belleggia et al., 2017). As previously mentioned, the squat lobster is a

major component of pelagic and benthic biomass, and in Argentina, its
abunda nce is incre asing. In th at con text, it wou ld be import ant to

closely descr ibe thos e potenti al inte ractions both at San Jorge and at

the Beagle Channel.
The gregaria ecotype has been described as an important consumer

of tox ic micro al gae in t he waters of New Ze aland ( MacKenzi e and
Harwood , 2014). Stud ie s showe d it acti vely gr azes on th e massive

blooms of dino agellates, signi cantly reducing the numbers of algalfl fi

cells, and sequestering the paralytic shell sh toxin. As this ecotype is afi

common prey f or ma ny valuab le popul ations in the Ar ge ntinia n Se a

(        Belleggia et al., 2017; D'Agostino, 2017; Schiavini et al., 2005; Scioscia
et al. , 201 4), and given that dea ths by in toxicati on are st rongly

underreported ( ), the present results corroborateS humwa y e t a l., 2 003

that the gregaria ecotype is a potential vector for toxicity in the Patago-
nian shelf. It would be interesting to develop specific studies on the tox-

icology of its predators.
In south Chile, SIA studies show that the benthic community (with

the ecot ype a s an im portant c omponent) is subsid ized bySubr ugosa 

the pelagic pathway, making phytoplankton an item of considerable im-
portance to their diets (    Zapata-Hernández et al., 2016). Our results did

not demonstrate the pelagic pathway as an important source of nutri-
tion for the subrugosa ecotype, but it was present as a minor percentage.

Squat lobsters produce high nutritive feces in abundant amounts and
with rapid gut clearance (    Lovrich and Thiel, 2011). The feces of the pe-

lagic ecotype constitute a dominant component of marine snow in some

ecosystems ( ) and particularly in San Jorge GulfLovrich and Thiel, 20 11
(  Massé-Beaulne, 2017). The consumption of the gregaria ec otype's fe ces

by benthic individuals could be one possible mechanism for the inclu-
sion of pelagic resources in the diet of the benthic individuals. The dom-

inanc e of benthi c reso urces in the ecot ype's diet wassu brugo sa 

consistent with the two different and co-occurring feeding habits de-
scribed for this squat lobster ( ), which in shallowRomero et al., 2004

water wa s co n suming smal l in ve rtebra tes and macro algae, whil e in
deep waters, POM dominated its diet.

Previous studies showed has a notable exibility in itsM. gregaria fl

feeding habits and can act as predator, detritivore, deposit feeder, scav-
enger, cannibal, and suspense and bacterial feeder (    Diez et al., 2016b;

Romero et al., 2004 Varisco and Vinuesa, 2007 Varisco and Vinuesa,; ; 
2010 Vinuesa and Varisco, 2007; ). At the same time, it is an extended

prey of se veral ma rine mammal s ( ; Alonso et al ., 2000 D ' A g o s t i n o ,

2017 Sánchez and Prenski, 1996 Belleggia et al., 2017), shes (fi ; ), and
marine birds ( ; ). Thus, whenSchiavini et al., 2005 Scioscia et al., 2014

consuming phytoplankton and being consumed by top predators, they
immedia tely sh orten the fo od chain on one or ev en mor e le vels

( ; ). Conseq uently,Long h urst et al., 200 4 L ov rich and Thie l, 201 1

M. gregar ia is a key trophic node, capturing energy from the primary
produ ction and injectin g it int o th e food we bs, shor tening th e food

web, and makin g ener gy u xe s more ef cient (fl fi Lov rich a nd Thie l,
2011;    Diez et al., 2016b). Short food webs are theoretically more robust,

with faster return times to the equilibrium (  Pimm, 2002). Likewise, the

length of the food webs is supposed to be determined by the ecosystem
size (diversity of habitats and species richness) rather than by resource

availability ( ), which is consistent with previous descrip -Post, 2002b

tions of the San Jorge gulf's trophodynamic (  Milessi, 2008).
In summary, results presented here on the trophic ecology of this

forage s pecies, in the con text of the lit erature and pr evious stu di es,

show that the gregaria ecotype plays an important role contributing to
the bentho-pelagic coupling in the Pa tago nian she lf wi th a t lea st f our

p o s s i b l e  m e c h a n i s m s :  ( 1 )  a s  p l a n k t o n  f e e d e r s  t h a t  h a v e  b e e n  r e -

p o r t e d  t  o  b e  m a j o r  p r e y  o f  M .  h u b b s i ,  t h e  m o s t  a b u n d a n t  d e m e r s a l
fis h ;  d u r i n g  d a i l y  m i g r a t i o n ,  M .  h u b b s  i  s w i m s  u p  o n  t h e  w a t e r  c o l -

u m n a n d f o r a g e s o n t h e g r e g a r i a  e c o t y p e  ( B e l l e g g i a  e t  a l . ,  2 0 1 7 ) ;
( 2 )  a s  d o m i n a n t  p l a n k t o n  f e e d e r s  w i t h  r a p i d  g u t  c l e a r a n c e  c o n t r i b -

u t i n g  t o  t h e  o r g a n i c  m a t t e r  t  h a t  s  u p p o r t  b e n t h i c  p  r o d u c t i o n ;  ( 3 )  a s
pel agic swim mers wi th v ertic al migra tion s w hich inc lude the uti liza -

t i o n  o f  r e s o u r c e s  f r o m  t h e  b e n t h i c  p a t h w a y  ( r e l i a n c e  o n  b e n t h i c

r e s o u r c e s  f r o m  1 3 %  t o  6 0 %  T a b l e  2 ) ;  a n d  ( 4 )  i n  t h e  s e t t l e m e n t
pro c ess, pel agic in divi duals of c hange hab itat, rel ocati ngM .  g r e g a r i a  

t h e i r  b i o m a s s ,  d e v e l o p e d  i n  a n d  m a i n l y  b y  t h e  p  e l a g i c  z o n e ,  t o  t h e
b e n t h i c  z o n e .
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