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Trophic relationships among cephalopod species along the water column inferrec rom
stomach contents and stable isotope analyses

S. Keller*, A. Quetglas, M. Valls, F. Ordines, A. de Mesa and E. Massuti

Instituto Espafiol de Oceanografia, Centre Oceanografic de les Balears, Moll de Ponent, s/n, 07015 Palma, Spain.
Fax: +34971404945 *E—mail: stefanie.keller@ba.ieo.es

. GOBIERNO MINISTERIO
< o "* DE ESPANA DE ECONOMIA
) Y COMPETITIVIDAD
3 &
Qéf

P‘
eSPA RoL DE O

Material and methods

Samples were collected on the shelf (200 m depth, bathymetric stratum 1) and slope (600-900 m, bathymetric
stratum 2) during summer and autumn surveys. At the shelf bathymetric stratum, sampling was carried out at: 1)
near surface (SUR1) from 0-60 m; 2) in the benthic boundary layer (BBL1), less than 50 m above the bottom; and

, , = - 3) on the bottom (BOT1). At the slope bathymetric stratum, sampling was performed at: 1) near surface (SUR2)
and stable isotope analyses. With the main aim of determining if there are fluxes of matter between from 0-80 m depth; 2) in the 400-600 m deep scattering layers (DSL); 3) on the bottom (BOT2). For comparative

nectobenthic and pelagic domains mediated by cephalopods, we analysed different aspects such as purposes, a few hauls were also performed near the bottom in this slope bathymetric stratum (BBL2). In all
diet composition, niche breadth, diet overlap, diet seasonal differences and day-night feeding rhythms cases, SUR, BBL and DSL samplings were performed using a mid-water trawl, while the BOT samplings using a
from samplings conducted in the western Mediterranean during two seasons with contrasting bottom trawl. The stomachs of all cephalopod individuals caught in these samplings were analyzed, with the only

oceanographic conditions. exception of a few cases where random samples were taken owing to the large amount of available material.
Whenever possible, a sample of three individuals per species was collected for carbon and nitrogen stable isotope
analyses (SIA).
Species composition In all the diet analyses shown, only those species with a number of stomachs 210 were used. Diet overlap and
niche breadth were obtained with Ecological Methodology software v7.0 (Krebs 1999), whereas similarity analysis
(SIMPER) and dietary indexes were calculated using PRIMERv6.1.6 (Clarke & Gorley 2006).

Introduction

It is well known that cephalopods play a key role in the marine food webs, either as voracious
predators or important prey of a large set of predators. In this study we investigated the trophic
relationships among cephalopod species taken along the water column by means of stomach content

A total of 1286 stomachs from 26 cephalopod species belonging
to 12 Families were analyzed.

Species Family Nstomachs Sprey Nprey items
1 Abralia veranyi Enoploteuthidae 192 11 61
2 Alloteuthis media Loliginidae 10 3 9 M E 1+ g
3 Ancistrocheirus lesueurii Ancistrocheiridae 1 0 0 Pre com OSltlon d Ion the Water COI umn
4 Ancistroteuthis lichtensteinii Onychoteuthidae 6 3 6
5 Bathypolypus sponsalis Octopodidae 31 7 79
6 Chiroteuthis veranii  Chiroteuthidae 1 0 0 CO NTI N E NTA L S H E LF CO NTI N E N TA L S LO P E
7 Eledone cirrhosa Octopodidae 133 21 101 laci haul , _ _ "{-
8 Heteroteuthis dispar Sepiolidae 39 7 20 Pelagic hauls were S U R 1 ~ -‘ —p— e il = S U R2
9 Histioteuthis bonnellii  Histioteuthidae 3 2 2 carried out in the S TS R S s o< S
10 Histioteuthis reversa  Histioteuthidae 8 16 64 - - — - - o Y
strongest and widest b2 1) T
11 lllex coindetii Ommastrephidae 264 28 516 g, Average similarity: 26'36 SIMPER \Q‘é . Average similarity: 16.27 SIMPER
12 Loligo forbesi Loliginidae 110 30 1228 acoustic sound layers Species Av.Abund Av.Sim Sim/SD | Contrib% Cum.% ,’, :\': Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
13 Neorossia carolj Sepiolidae 2 2 2 of the water Teleost unidentified 4.9 21.3 0.6 80.7 80.7 . . Natantia unidentified 3.2 93 0.4 57.0 57.0
s oot saIUt.” OCtOPOd!dae g . e column, using a Natantia unidentified 2.4 4.6 0.3 17.3 98.0 NFLS NS Teleost unidentified 1.7 2.4 0.2 14.7 71.6
15 Octopus vulgaris Octopodidae 1 1 2 . , , " - : . )
16 Onychoteuthis banksii Onychoteuthidae 1 0 0 Simrad EK60 _ Pielou’s MU Meganyctiphanes norvegica| 1.6 2.1 0.2 13.2 34.3 ~d
17 Opisthoteuthis calypso Opisthoteuthidae 4 2 3 echosounder at 'Nprey .SpeC|es even'ness .Shar.mon | : ~ Nematoscelis megalops | 1.4 1.5 01 91 | 939 4
13 Ptero;topt.ls tetracirrhus Oc;op?c:i:ae 7§ 1: :: 18, 38, 70, 120 and Sprey  items | richness (d) O(J8)1 leef;ﬁ;’ (H') jg/l; Pielou's ,
ossia macrosoma epiolidae , : |
20 Rondeletiola minor Sepiolidae 51 5 19 200 kHz. The images - s > = ’ -,'7 q( A Spre ilt\lei:iy ricsf?r?ecis(d) eve(r}'r;ess dixslzfsri]tno(?-l') EMI
21 Scaeurgus unicirrhus Octopodidae 2 0 0 (echograms) are only - - " * : plS Y 69 3 31 0.86 5 31
22 Se;.ua orblgny.ana Se.plfdae 20 17 29 two examples from ~p——— ' —-- . :
23 Sepietta oweniana Sepiolidae 172 13 101 . . ,
24 Taonius pavo Cranchiidae 1 1 1 the continental shelf - : -~ /. " N .ﬁ‘
25 Todaropsis eblanae Ommastrephidae 1 0 0 and slope showing Average similarity: 56.06 SIMPER S B 'Eh . th "h‘!lff Vth ol th .d it .‘N
25 Todarodes sagittatus Ommastrephidae >/ 28 L the different layers Species Av.Abund Av.Sim Sim/SD | Contrib% Cum.%g - O On £ € ope, S |vers1 y as
analyzed. Teleost unidentified 75 546 11 973 973 | Ao highest on the bottom and lowest on the BBL.
Diet overlap | Pielou's . -
Nprey Species evenness Shannon -
Percentage diet overlap (Schoener index) Sprey  items | richness (d) (J') diversity (H') EMI —
Ab_verBa_spo El cir He_disHi rev Il coi Lo _for Oc_sal Ro_mac Ro_min Se_orbSe owe To sag 3 15 0.74 0.57 - 0.63 76.5 -
Ab_ver  100.0 e Levin's niche breadth (LNB) s = Average similarity: 18.58 SIMPER
Ba_spo 6.0 100.0 - VAL S TEEHE BIES - T, : - ~a i Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
El_cir 11.5 20.1 100.0 0'4 | Natantia unidentified 3.5 11.0 0.4 59.2 59.2
He_dis °6.6 6.0 154 100.0 z .. Teleost unidentified 323 | 915
I-Ill_rejv 657 117 182 53.1 100.0 - T ‘ | _—_————___Plelou - 400 m
el 2ed = het [oZ sl R 0.1 - Average similarity: 12.28 SIMPER = » - Nprey Species evenness = Shannon
) e L 05 24 104 LAs @9t 100.0 0.0 Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%| (0- ' Sprey  items richness (d) (V') diversity (H') EMI
Teleost unidentified 29 | 77 03 629 629 M -1 14 65 3.11 0.82 2.17

B _ 'ﬂ - e i N 7' v !
Meganyctiphanes norvegica 1.3 1.5 0.2 12.2 75.1 el * } e J '’ .(H “

Maurolicus muelleri 1.2 1.2 0.1 9.6 84.6 | _ J.,\.|: ‘ " Aﬁ ﬁ‘ |
\

Natantia unidentified 1.0. 1.0 01 83 92.9 - A wére't‘a 60 _-,“54.4 Bl'l'\t B S‘h'élf"but O Q

Pielou's - Lok dit
Nprey Species evenness Shannon o*-thef‘s'lope: s \ ot
Sprey | items richness (d) (JY) diversity (H') . . . "~ '.‘
64 2035 8.27 0.47 1.94 ; ‘

Average similarity: 26.67 SIMPER
Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
Natantia unidentified 5.0 200 0.5 75.0 75.0
Ceratoscopelus maderensis 3.3 6.7 0.3 25.0 100.0
Pielou's
Nprey Species evenness Shannon
Sprey items richness (d) (J') diversity (H')
1.12 : 1.01

Average similarity: 14.47 SIMPER
Species Av.Abund | Av.Sim Sim/SD Contrib% Cum.%
Teleost undetermined 2.8 7.0 0.3 48.1 48.1
Crustacean undetermined 2.6 6.3 0.3 43.3 91.3 FEEIE———
Pielou's -
Nprey Species evenness Shannon ne ' .
Sprey items richness (d) (J') diversity (H') EMI '
35 193 6.46 0.72 2.56 51.5

Histioteuthis reversa SIMPER
Layer Av. Similarity Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Natantia unidentified 4.2 149 | 0.5 66.7 66.7
Meganyctiphanes
norvegica 2.4 4.4 0.2 19.9 86.5

Teleost unidentified 1.7 2.1 0.2 9.5 96.0

Teleost unidentified 3.1 7.2 0.3 50.9 50.9

Natantia unidentified 2.5 4.6 0.2 32.1 83.0

DAY DAY DAY Cephalopod unidentified 1.7 1.5 0.1 10.7 93.7

Average similarity: 17.77 SIMPER Average similarity: 13.67 SIMPER Average similarity: 28.92 SIMPER : Natantia unidentified 6.7 33.3 0.6 100.0 100.0
Species Av.Abund |Contrib% Species Av.Abund |Contrib% Species Av.Abund |Contrib% ) Teleost unidentified 4.7 184 0.6 91.0 91.0

Teleost unidentified] 4.3 84.8 Teleost unidentified 3.3 65.6 Natantia unidentified] 4.4 61.8 Crustacean unidentified 1.8 1.8 0.1 9.0 100.0
Natantia unidentified 1.2 5.3 Natantia unidentified 2.2 29.1 Teleost unidentified 3.4 33.7

SUR2 22.28

Average similarity: 12.21)  SIMPER || Averagesimilarity:19.26  SIMPER | |Averagesimilarity: 28.41)  SIMPER |
| Species  |Av.Abund|Contrib%| | Species  |Av.Abund|Contrib%||  Species |Av.Abund)|Contrib%,
Teleost unidentified | 2.8 | 452 ||Natantiaunidentified | 3.5 | 55.5 |feleostunidentified | 4.8 | 716 |
Hygophumsp | 2.6 | 37.1 ||Meganyctiphanes norvegica| 2.2 | 20.0 |[Natantiaunidentified | 2.9 | 24.8 |
Plesionikasp | 1.2 | 7.2 |[Teleostunidentified | 21 | 179 | | | |
Natantia unidentified | 111 | 659 || | | 4 ] ] ]
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