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Background. The leopard grouper, Mycteroperca rosacea (Streets, 1877), is endemic to north-western Mexico
and has high commercial value. Although facts of its basic biology are known, information on its trophic ecology,
in particular, is scarce. The objective of the presently reported study was to characterize the feeding habits of M.
rosacea through the analysis of stomach contents, and to determine possible variations linked to sex (male or
female), size (small, medium, or large), or season (spring, summer, autumn, or winter), in order to understand the
trophic role that this species plays in the ecosystem where it is found.

Materials and methods. Fish were captured monthly, from March 2014 to May 2015 by spearfishing in Santa
Rosalia, BCS, Mexico. Percentages by the number, by weight, and frequency of appearance of each food category, the
index of relative importance (%IRI), and prey-specific index of relative importance (%PSIRI) were used to determine
the importance of each prey item in the leopard grouper diet. Diet breadth was calculated using Levin’s index. Possible
differences in the diet by sex, size, or season were identified through a multivariate PERMANOVA analysis.
Results. A total of 341 leopard grouper specimens were collected, 309 of which had stomachs containing food. A
total of 28 prey species were identified. According to the %IRI, the contribution to the diet of the coastal pelagic
prey Nyctiphanes simplex and Sardinops sagax (Jenyns, 1842) was 87%, whereas according to the %PSIRI the
contribution to the diet of those two prey species was 57%, in addition to several demersal prey species. A
PERMANOVA analysis indicated that there were significant differences in the diet of leopard grouper by sex,
size, and season, but the interactions sex—size, sex—season, size—season, and sex—size—season, were not significant.
Conclusions. Mycteroperca rosacea was identified as a carnivorous predator with narrow trophic width, with significant
differences in diet according to the sex, size, season, and size—sex interactions, which could be the result of different
energetic requirements, hunting abilities, and food availability. The %PSIRI turned out to be the most adequate index to
determine the feeding habits of fish, as it provides a better mean value to determine the most important prey.

Keywords: stomach contents, diet breadth, Gulf of California, euphausiids, sardines

INTRODUCTION (Craig et al. 2001, Zhuang et al. 2013). The commercial

The perciform family Epinephelidae (previously interest in this group in tropical and subtropical regions
subfamily Epinephelinae within the family Serranidae), (Heemstra and Randall 1993) has made it vulnerable, and
commonly known as groupers, is an assemblage of reef a decrease in abundance and mean catch sizes has been
fishes comprising more than 160 species in 16 genera observed. Behavioural adaptations such as spawning
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aggregations have placed groupers under considerable
fishing pressure (Sadovy 1994, Craig et al. 2001). Based
on the feeding habits and trophic interactions of the
family Epinephelidae it has been determined that these
fishes are one of the main predators of rocky and coral
reef environments (Mullaney 1994, Brulé et al. 2005,
Dierking et al. 2009, Condini et al. 2011, 2015). These
fishes are characterized by having the ability to predate
on benthic prey as well as on prey in the water column,
which leads them to play a key role in the maintenance of
the communities they inhabit (Goeden 1982, Parrish 1987,
Randall 1998, Helfman et al. 2009, Taylor unpublished”).

The leopard grouper, Mycteroperca rosacea (Streets,
1877), is endemic to north-western Mexico. It has great
commercial importance, with an estimated annual catch of
5000tinthe Gulfof California (GC) (Anonymous 2013). Ithas
been classified as ‘least concern’ in the red list of threatened
species of the International Union for the Conservation of
Nature (Erisman and Craig 2018). Despite this, studies on
its basic biology are insufficient, even more so regarding its
feeding habits in the wild, which are indispensable to obtain
a better perception of the functional role this species plays
in marine ecosystems. Feeding habits help to understand
trophic relations among members of a community. They also
help to determine trophic levels, feeding regimes, types of
diet, and general energy flows in trophic webs, and thus the
trophic role of studied species in their habitat (Hyslop 1980,
Amezaga Herran 1988, Krebs 1989).

Members of the genus Mycteroperca have feeding habits
that characterize them as being mainly generalist carnivores
(consuming predominantly fish and invertebrates) with
changes in diet due to size, sex, season, and habitat type
(Mullaney 1994, Brulé et al. 2005, Condini et al. 2011,
2015). Studies have been carried out on the feeding
behaviour and trophic ecology of M. rosacea in the
GC, such as that of Hobson (1968) who, based on the study
of the predatory behaviour of M. rosacea in three areas of
the southern GC, reported that large individuals (>25 cm)
inhabiting rocky substrates at less than 50 m depth fed after
sunset, and that their main prey was the Pacific flatiron
herring, Harengula thrissina (Jordan et Gilbert, 1882),
whereas juveniles (<25 cm TL) fed all day long on highly
available resources such as crustaceans and small fishes.

Parrish (1992) quantified the incidence of diurnal
predation on schools of several hundred thousand adult
Pacific flatiron herring, Harengula thrissina, in the
GC (Puerto Escondido, BCS), and reported that nine
species of fish predators carried out 653 attacks and 158
captures during 42.5 h of observation. Four predators,
such as leopard grouper, M. rosacea; cornetfish, Fistularia
commersonii Riippell, 1838; green jack, Caranx caballus
Glinther, 1868; and black skipjack, Futhynnus lineatus
Kishinouye, 1920; were responsible for 92% of attacks
and 96% of successes.

Thomson et al. (2000) undertook a study of the rocky
shore fishes of the GC and reported that the leopard
grouper was essentially a shallow-water crepuscular

predator that aggregated over rocky outcrops in the middle
of the day, when it was relatively inactive. After sunset
it began to feed voraciously on herring or anchovies,
seeming to prefer to feed on schools of Pacific flatiron
herring, Harengula thrissina.

In this context, the presently reported study was carried
out in order to establish the feeding habits of the leopard
grouper, M. rosacea. We assumed that this species would
present the same feeding pattern as other members of the
genus, i.e., a generalist carnivorous predator, with changes
in its diet according to sex (male or female), size (small,
medium, or large), or climatic season (spring, summer,
autumn, or winter).

The index of relative importance (IRI) proposed
by Pinkas et al. (1971) has been the combined method
most frequently used to characterize and determine the
importance of prey species in fish trophic spectrums.
Brown et al. (2012) analysed and discussed the pertinence
of the IRI; they highlighted that its calculation incorporates
sources of error and variation, and proposed the prey-
specific index of relative importance (%PSIRI), in which
they performed a mathematical correction to the IRI to
avoid those errors in the determination of prey importance.
However, this latter index has been little used, and therefore
in the presently reported study we contrast and discuss
results obtained using the two methodological approaches.

MATERIALS AND METHODS

The sampling of Mycteroperca rosacea was carried
out monthly from March 2014 to May 2015 in the Central
Gulf of California, in the region of Santa Rosalia, at
approximately 27°20'N, 112°16'W (Fig. 1). Leopard
grouper specimens were captured by free diving using a
spear during the crepuscular period (05:00 to 08:00 h),
which is the time period of most frequent and intense
leopard grouper feeding (Hobson 1968). Specimens
were later transported to the Ecology Laboratory of the
Centro Interdisciplinario de Ciencias Marinas, Instituto
Politécnico Nacional (CICIMAR-IPN). The total length
(TL) (+ 0.5 mm precision) and total weight (TW) (+
0.001 g precision) of each specimen were recorded. Sex
was determined by direct observation of the gonad, and
this was later corroborated using the standard histological
technique to determine cellular types, annual variability,
and gonad developmental stages (Nikolsky 1963, Estrada-
Godinez et al. 2011, Pérez-Olivas et al. 2018). A chi-
squared test was used to test whether the observed female
+ male ratio deviated from the expected 1 + 1 proportion,
with 0.05 significance level.

Preys were identified to the lowest possible taxon
following specialized keys. For fishes in a low state
of digestion, we used keys by Miller and Lea (1972),
Whitehead (1985), Fischer et al. (1995), Allen and
Robertson (1998), and Thomson et al. (2000). For fishes in
an advanced state of digestion, we used keys by Clothier
and Baxter (unpublished”), and Lowry (2011). For
cephalopods, we used keys by Iverson and Pinkas (1971),

“Taylor N. 2008. Impacts of intense fishing of groupers (Serranidae) as top key stone predators and the subsequent effects on the supporting reef ecosystem of Utila Island:
Catch assessment and stomach content analysis. Master’s thesis, University of Glamorgan. Trefforest, Wales, UK.
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Wolff (1984), and Clarke (1986). For crustaceans, we used
the key by Brusca (1980).

Data of individuals collected in the study arca were
categorized by sex (male or female) and size (small =
21-36 cm, medium = 36.5-51 cm, or large = 51.5-70
cm), as no juveniles were captured. Sizes were classified
according to Sturge’s rule (Daniel 1997) and based on
the histological analysis performed by Pérez-Olivas et
al. (2018). We used monthly mean values of sea surface
temperature to determine the seasons, based on satellite
images in Hierarchical Data Format obtained from the
MODIS-AQUA sensor with 1.1 km spatial resolution
at the nadir. Spring comprised the months of April to
June 2014 and 2015; summer comprised the months of
July to September 2014, autumn comprised the months
of October to December 2014, and winter comprised the
months of January to March 2014 and 2015 (Fig. 2).

A species accumulation curve was constructed to
determine the representativity of analysed stomachs
(EstimateS™), based on the value of the Shannon—Wiener
(H') diversity index for each stomach. The coefficient of
variation (CV) was calculated to obtain a quantitative
estimate of the number of stomachs that would be adequate
and representative of the general diet and of the diet by
category. If the CV was equal to or less than 5% (0.05) the
number of stomachs examined was considered adequate
to represent the diet (Jiménez-Valverde and Hortal 2003,
Moreno-Sanchez et al. 2016).

In order to compare the presently reported study, diet
was analysed using three methods for each prey taxon
following Hyslop (1980):

The percentage frequency of occurrence (%FO),
referred as the frequency of occurrence of prey items
within the total number of stomachs with food.

27.4°N

27.2°N

12.2°W 112.0° W 111.8° W

Fig. 1. The shaded area shows the Mycteroperca rosacea
sampling location, in the Santa Rosalia region,
BCS, Mexico

The numerical percentage of abundance (%AN), calculated
as the prey item abundance within the total number of prey
items identified in the total number of stomachs with food.

The gravimetric percentage (%) calculated as the
wet weight of prey items found within the total wet weight
of stomachs with food.

The percentage frequency of occurrence can be
calculated using the following formula

%FO = No. of stomachs 1nclud1n.g a prey item 100
No. of stomachs with food

The numerical percentage of abundance can be
calculated using the following formula

N — No. of prey 1ter‘ns <100
Total No. of prey items

The gravimetric percentage can be calculated using the
following formula

Weight of prey items <100
_ \ Total weight. of prey item

The hierarchization of food items was established
using the Index of Relative Importance (IRI) of Pinkas et
al. (1971), which provided an optimal balance of the three
methods (below)

The values of IRI were expressed in percentage to facilitate
the comparison with others studies (Cortés et al. 1996):

IRI= (%N + %W) x %FO

30 —
28
26

24

SST[°C]

22

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
Fig. 2. Monthly records of sea surface temperature (2014—

2015) during winter, spring, summer, and autumn in
central Gulf of California

* Clothier C.R., Baxter J.L. 1969. Vertebral characters of some Californian fishes with notes on other eastern Pacific species. Unpublished manuscript. State of California,
the Resources Agency, Department of Fish and Game. [Originally intended for Fish Bulletin.]
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1001RI,

%IRI, = —
i:IIRI s
The prey-specific index of relative importance
(%PSIRI) was also used; this is a mathematical correction
of the IRI index (Brown et al. 2012) that contrasts the
quantitative results obtained with the IRI. This index was
calculated as

%FO, x(%PN, +%PW, )
2

%PSIRI, =

where %PSIRI is prey-specific index of relative
importance, %FO is percent frequency of occurrence,
%PN is percent prey-specific number, and %PW is
percent prey-specific weight.

Diet breadth was calculated using Levin’s standardized
index (B) (Hurlbert 1978). This index was constructed
from the standardized number of prey. If this index takes
on values close to zero it indicates a specialist feeding
strategy. If it takes on values close to one it indicates a
generalist feeding strategy (Krebs 1989). This index was
calculated using the following equation

1

n—1

B =

1

1
2.0

where B, is the niche width, } jpzij is the proportion of
the /™ item in the diet of the i predator, and # is the total
number of items.

To interpret the feeding strategy of the leopard grouper
and establish population or individual feeding patterns, we
used Costello’s analysis (1990) modified by Amundsen et
al. (1996).

To evaluate significant differences in the feeding habits
ofleopard grouper according to sex, size, and season, as well
as size—sex interactions, we applied a multivariate analysis
of variance (PERMANOVA) with 1000 permutations. This
analysis was performed through the Adonis function in the
Vegan 2.2-1 library (Oksanen et al. 2015) using the R 3.0.1
platform”, with a 95% confidence level.

RESULTS

Captured leopard grouper, Mycteroperca rosacea,
ranged from 21 to 74 cm TL and weighed between 120
and 5820 g. The sexual proportion (2 + &) was 2 + 1
(Chi-square test x 2= 19.18; P < 0.05) (Pérez-Olivas et
al. 2018). Of 341 stomachs obtained, 309 contained food
(90%) and 32 were empty (10%). According to the CV of
the accumulated species curve, the general sample size
and sample size by category (sex, size, and season) were
adequate to describe this species’ diet (Table 1).
General diet. A total of 28 prey items were identified in
the 309 analysed stomachs, including 22 fish species, 5
crustacean species, and 1 mollusc species. According to

" http://CRAN.R-project.org/

Table 1
Minimum sample size of Mycteroperca rosacea from
central Gulf of California, Mexico, determined for all
samples and by sex, size, and season

Category N, N, CvV
General 309 170 0.05
Females 193 98 0.05
Males 116 67 0.05
Small 146 92 0.05
Medium 132 82 0.05
Large 31 27 0.05
Winter 45 25 0.05
Spring 177 85 0.05
Summer 19 17 0.05
Autumn 68 43 0.05
N, = number of stomachs analysed, N = minimum number

of stomachs by category, CV = coefficient of variation for the
respective sample size.

the %IRI the prey with greatest relative importance in the
diet were the euphausiid Nyctiphanes simplex (65.5%), and
fishes Sardinops sagax (20.9%), Chromis atrilobata Gill,
1862 (3.9%), Stegastes rectifraenum (Gill, 1862) (2.5%),
and Microlepidotus inornatus Gill, 1862 (2.4%), comprising
as a whole 95% (Table 2). The %PSIRI also highlighted the
importance of the already mentioned prey but with different
percentages of contribution to the diet: N. simplex (27.4%),
S. sagax (25.1%), C. atrilobata (8.5%), S. rectifraenum
(7.3%), Abudefduf troschelii (Gill, 1862) (6.8%), and
Harengula thrissina (6.2%) represented 80% of the trophic
spectrum. It should be noted that other prey that were not
included in the %IRI were incorporated in the %PSIRI, such
as Ophioblennius steindachneri Jordan et Evermann, 1898,
Medialuna californiensis (Steindachner, 1876), Caulolatilus
princeps (Jenyns, 1840), Engraulis spp., H. thrissina, and
Anchoa spp., comprising approximately 2% each (Table 2).
Other prey fishes identified to the species level
included Acanthistius sebastoides (Castelnau, 1861);
Stegastes acapulcoensis (Fowler, 1944); Paralabrax
maculatofasciatus (Steindachner, 1868); and Triphoturus
mexicanus (Gilbert, 1890).
Diet by sex. A total of 19 prey items were identified in the
stomachs of 116 male leopard grouper. The %IRI indicated
that the most important prey were the euphausiid
N. simplex (76%) and several fish species that represented
20% of the diet (S. sagax, S. rectifraenum, C. atrilobata,
M. inornatus, and A. troschelii). A total of 23 prey items
were identified in the stomachs of 193 female leopard
grouper. The most important were N. simplex (54%),
S. sagax (32%), C. atrilobata (4%), and A. troschelii (4%)
(Fig. 3). The %PSIRI showed a different proportion from
that obtained with the %IRI. According to the %PSIRI the
most important prey items in the male diet were N. simplex
(37%), S. sagax (19%), S. rectifraenum (10%), C. atrilobata
(7%), M. inornatus (6%), and A. troschelii (4%). The most
important prey items in the female diet were S. sagax (30%),
N. simplex (22%), C. atrilobata (10%), A. troschelii (8%),
M. inornatus (6%), and H. thrissina (7%; Fig. 3).



13

yS1om oyg10ads-Kaid yusorad = pm g9, “Toquinu ogroads-Aa1d jusoiad = ‘N % 4a1d Jo 9oua1m00 Jo Kouanbayy ageiusorad = 04, Aa1d jo
o3ejuoorad ommownaeis = 419, ‘Ao1d Jo aouepunqe Jo a8ejucorad [eoLIOWNU = A9, ‘Ao1d JO 90U0LINOJ0 Jo Aouonbaly = O ‘[3] Ad1d Jo onjea [€10} JyS1om = 4 ‘Ao1d Jo syenpiArpul Jo Pqunu = A ‘TISA103dounoy =
V “BOSNI[O]N = A “BI0BISNI)) = D) ‘UOXE) YT = [, ‘doueprodwl] dANR[OY JO Xopu] dy10ads-Aa1d (a5ejuodrad) = Y[Sd% ‘@oueriodwu] aAne[ay Jo xopu] (a5ejuadrad) = Y% ‘“@oueriodwi] dAIR[OY JO Xopu] = Y]

Feeding habits of the leopard grouper, Mexico

007001 €0 00001 0I'861€ 00001 0000 00001 0098€  96°€0S  20'Z96 [e10L
$00 000  STL 800  00ST €0 000  v00 90 900  OI'0 001  TEO 001 “dds s215m428
p00 000  STI 800  00ST €0 000  ¥00 9O 900  OI'0 00T  TEO 001 snuvdrxow sninjoydil
200 P00 €911 000 60  I€0 000 900 920  ¥I'0O  0I'0 001  1L0 001 “dds sn100017
1€0 I€0 00001 €0 00001 €0 000  OI'0  9T0  ¥TO S0 001  TTI 001 SIPI2SDfOIDINODUL XDIGDIDADY
1€0 1€0 00001 €0 00001 €0 000  TIO  9TO €O OO0 00T €T 001 s15u200]ndnov $2)5P521S
0o 610 0009 000  TTI  I€0 000  TIO  9T0  ¥€O0  0I'0 001 €T 001 “dds snupipog
LI'0  8TO 6888 900  000T €0 000 €0 90  Oy0  OI'0 00T 00T 001 dds snupfing
1€0 1€0 00001 I€0 000001 €0 100 810  9T0 090 00 00T  00€ 0071 “dds snuojsourong
0S0 €90  L999  LEO  6L89  ¥60 00 LSO 840  T¥O0 €0 00€  TIT  00°¢€ dds snjouorig
€0 W0  16Wy  TTO 6€€T 60 €00 SOT 8T 00T SE0  00€  T0S Y€ S2PI0ISDqDS SMUSIYIUDIY
801 0TI 89€9 960 6905 681 [0 O¥E ST TSET  L90 009  99L  1¥9 sdaoupd snjpjopn)
€1 0l T8 960  IIS 68T €10 STP ST L0T  L90 009  I¥0l 149 “dds poyouy
L80  9T1  SILS 60  0TTT 0TT  SI'0  T6v 18T 961 €0 00L 0001  00L “dds sa.00y1vp]
IST €T 9L09  0ST €965 TST L0 I¥S 0T 991 S60 008  9€8  SI'6 “dds synp3ug
T 6T TS66  vOT  98T6  0TT 810 TS I8T €T €40 00L  bTTL 00°L rouyopUIals Sniuu2|qo1ydo
w1 9l S6LS L€ 19%S  TST 810 88'S  L0T 96T L0 008 886  It8 S1SUILIOfiTpd PUNIDIPI
LTy 6T9 9698 ST9  €¥98  €TL €l TTEy 96 bLY  I1ST  00€C  06€T  SIYT puissLy) pnSuDE
189 L69  1€T6 999  0T88  SSL 90T  SL'S9  TTY  S6L  T9T  00PT  LOOF  PTST upy2s04 fnpfopnqy
SLS 89S II'S6 TS LEL6  L6S 8T 8€6L  T6P  SI'PL 861 0061  TEIL 0061 smputous snjopidajo.oyy
TEL YL 6LE8 669 699L  TI6  IST €108 ISL  8yL  6I't  006T  69LE  99°0€ wnuan.1fi1oa4 21503215
IS8 €06 9078  66L  6STL 1011 €€ OLSTL  L06 IOl 9L€  00SE €605 SI'9E DIDGOJLUD ST
PI'SC  80'ST  S6W6  61'ST  LES6  TH9T  L60T  SLOL9  9LNT  80IT  bL6  00W8  ST90L  1L€6 xp3ps sdowsping v
650 0SS0  €LT€ 690  ¥9€k  LST 900 881 O£l 680 950 005 6tr  IbS suasappdo 081107 W
9T0  IT0  €£€€  1€0 0005 €90 100  I1TO TS0 00  1TO0 00T 0l 00T “dds snongag
IS0 6v0  TTTS TS0 9SS v60 100 L¥O  8L0  OVO  ITO  00€  TOT  00C dds @oun)
$00 100 9501 100 160  $60  TO0 €50 80  TEOD  SEO  00€ €91 I¥E ‘dds snmg
9I't 0TI 69€9 €'l 9L6S 681  vI0  €¥b  SST $OT 181 009  ¥TS 0L waast snapuadoydix
SYLT  SS'ST  LL'E8  9E6T  ¥T96  0SO0E  LY'S9  99'€60T E€I'ST  I¥91 1699  00L6 89T LYEH9 xojduus soupydysiN
RISd% ‘Md% Md% Nd% Nd% Od% II% D Od%  M%  N% od M N <o B
AISd% 1%

¢3lqeL

OOTXOIA “BIUIOJI[)) JO JIND) [BIUD WOILJ D2IDSO.L D2L2d0.4210A Y JO 191 [BIOUSD)



14

Moreno-Sanchez et al.

Diet by size. The preys with greatest relative importance
(%IRI) in the 146 small-sized leopard grouper analysed
were the euphausiid N. simplex (78.6%) and two fish
species, S. sagax and C. atrilobata, which contributed
21% to the overall diet. A total of 132 medium-sized
and 21 large-sized leopard grouper were analysed.
These two sizes consumed a lower proportion of
N. simplex (48% and 45%, respectively) than of fish
(51% and 54%, respectively). Fishes consumed included
S. sagax, M. inornatus, C. atrilobata, A. troschelii,
and S. rectifraenum (Fig. 3). The %PSIRI resulted in a
change in prey proportion compared with the %IRI. The
euphausiid N. simplex comprised 37% of the small-sized
leopard grouper diet, whereas fish comprised 60%. Fish
contributed 77% of medium- and 80% of large-sized

n=193

100

leopard grouper diets and euphausiids contributed 19 and
17%, respectively (Fig. 3).

Diet by season. A total of 177 leopard grouper stomachs
were obtained in spring (2014 and 2015). According
to the %IRI, the preys that contributed most to the diet
were the euphausiid N. simplex (75.9%) and the fishes
S. rectifraenum (5.6 %) and C. atrilobata (5.2%). A total
of 19 stomachs containing food were obtained in summer
2014; the most dominant prey according to the %IRI were
fishes, represented by S. sagax (37.1%), O. steindachneri
(37.1 %), and C. atrilobata (10.4%). A total of 68
stomachs were obtained in autumn 2014; the dominant
prey according to the %IRI was the fish S. sagax, with
over 96% of the total diet spectrum. A total of 45 stomachs
were obtained in winter (2014 and 2015). During this time
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Fig. 3. Variation of prey species consumed by Mycteroperca rosacea, in central Gulf of California, Mexico, determined
with the Index of Relative Importance (%IRI) and Prey-Specific Index of Relative Importance (%PSIRI), as a function

of sex and size
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of year, the dominant prey in the diet were the fish S. sagax
(88.1% IRI) and the euphausiid N. simplex (9.8%) (Fig. 4).
Based on the %PSIRI, the dominant preys in spring
were the euphausiid N. simplex (40%) and the fishes
S. rectifraenum (10.2%), A. troschelii (10%), M. inornatus
(9.8%), and C. atrilobata (9.8%). The most important preys
in summer were the fish S. sagax (23.6%), O. steindachneri
(23.6%), C. atrilobata (12.3 %), and M. californiensis
(10.5%). The most important prey in autumn were the fish
S. sagax (67.3%), C. atrilobata (7.9 %), and H. thrissina
(5.2%), and the euphausiid N. simplex (5.8%). The
dominant preys in winter were the fish S. sagax (61%) and
the euphausiid N. simplex (19.7%) (Fig. 4).
Diet breadth and feeding strategy. The trophic strategy
of the leopard grouper was that of a specialist predator

n=177
100 — 5

(B,= 0.04). This was observed for males and females (B,=
0.06, respectively) and for the three size intervals (B,= 0.04,
B.=0.08, and B,= 0.14), as well as during the four seasons
(spring: B,= 0.19, summer: B,= 0.47, autumn: B,= 0.10, and
winter: B,= 0.13). The Costello graph confirmed that the
leopard grouper had a narrow trophic width; that is, its diet
comprised a small number of very frequent and abundant prey
(Fig. 5A). However, the species that dominated the leopard
grouper diet changed according to sex, size, and season.
Males fed mainly on N. simplex, S. sagax, and C. atrilobata,
whereas females fed on S. sagax, N. simplex, A. troschellii,
and C. atrilobata (Fig. 5B, 5C). Although the different-size
fish fed on mostly the same species, the proportion changed
depending on the size. For example, small and medium
fish consumed mainly coastal pelagic prey (S. sagax and
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N. simplex), whereas large sizes also consumed fishes such as  winter were the euphausiid NV. simplex and the fishes S. sagax,
A. troschelii and S. sagax, and the euphausiid N. simplex (Fig. S. rectifraenum, C. atrilobata, and H. thrissina (Fig. 6D).

5D, SE, 5F). The most important preys during the spring were
the euphausiid N. simplex, and the fishes C. atrilobata and
A. troschelii (Fig. 6A). The most important preys in summer
were fishes O. steindachneri, S. sagax, and C. atrilobata
(Fig. 6B). The most important prey in autumn were fishes
S. sagax, H. thrissina, A. troschelii, and C. atrilobata, and the
euphausiid N. simplex (Fig. 6C). The most important prey in

The PERMANOVA test highlighted differences in
leopard grouper diet by sex (F = 4.04, P < 0.05), size (F
=433, P <0.05), and season (F = 24.32, P < 0.05), but
interactions sex—size (F' = 1.55, P = 0.11), sex—season (¥
= 1.57, P = 0.11), size—season (F = 1.56, P = 0.09), and

sex—size-season (F' = 1.40, P = 0.16) were not significant
(Table 3).
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the diet of Mycteroperca rosacea, in central Gulf of California, Mexico, according to the season: winter (A), spring
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Os = Ophioblennius steindachneri

Table 3
Significance values for diet variance analyses
(Permutational multivariate analysis of variance,
PERMANOVA) between sexes, sizes, and seasons for
Mpycteroperca rosacea from central Gulf
of California, Mexico

Factor F r P Significance
Sex 4.043  0.0119 0.02 Yes
Size 4.335 0.01276 0.002 Yes
Season 24327 0.07159 0.001 Yes
Sex—Size 1.555 0.00458 0.104 NO
Sex—Season 1.5731 0.00463 0.114 NO
Size—Season 1.5691 0.00462 0.104 NO
Sex—Size—Season  1.4066 0.00414 0.156 NO

F = PERMANOVA test, » = similarity between groups, P =
probability values.

DISCUSSION

Based on results obtained from the quantitative
composite indices (%IRI and %PSIRI), the most important
prey in the diet of Mycteroperca rosacea were pelagic-
coastal organisms (euphausiid N. simplex and South
American pilchard S. sagax). Hobson (1968) in a qualitative

study focusing on the trophic behaviour of this fish used
%IRI to establish that in the southern GC the leopard
grouper diet was composed mainly of Pacific flatiron
herring H. thrissina and demersal fish such as scombrids,
haemulids, and pomacentrids. It should be emphasized that
in the above-mentioned study crustaceans were considered
incidental prey. Other papers (Parrish 1992, Thomson et al.
2000) as well as results obtained in the presently reported
study suggest that the leopard grouper could integrate an
important quantity of incidental prey into its diet, which
constitutes clear evidence of this epinephelid’s great trophic
plasticity, which has already been reported for other species
in the family (Randall 1998, Goémez et al. 1999, Zapata et
al. 1999, Helfman et al. 2009).

The optimal foraging theory can be proposed as a model
to explain the observed high consumption of incidental
prey, as this theory posits that the behaviour of a predator
during the selection and search for food is determined by the
maximum amount of energy obtained and the minimum cost
invested in prey capture (in this case, euphausiids), taking
into account limiting factors such as competition, predation,
and environmental variations. Such assumption is closely
related to prey abundance and spatio-temporal variations
in prey abundance, because the theory predicts that at low
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preferred prey abundance (in this case herring and other
fish), the predator will tend to consume the most abundant
food items at the time, reflecting the trophic plasticity of the
predator and the availability and seasonal abundance of prey
(Stephens and Krebs 1986, Gerking 1994).

We found changes in the diet according to sex using
%IRI and %PSIRI. The diet of female leopard grouper was
composed mainly of fishes, whereas there was a greater
proportion of euphausiids N. simplex in the male diet. These
differences in diet could be reflecting the different rates of
energetic demand for the two sexes. Females consumed
more fish and would, therefore, obtain a greater quantity of
energy per mass unit of consumed prey than male leopard
groupers, who fed mainly on euphausiids, a prey with lower
energetic quality (Thayer et al. 1973). It should also be noted
that nutritional requirements could vary as a function of the
different stages of the reproductive cycle. Estrada-Godinez et
al. (2011) documented an increase in the protein, triglyceride,
and cholesterol content in the liver, gonad, and muscle of
M. rosacea during the different stages of gonad development,
which reached maximum values during spawning, and a
notable reduction during the resting period.

According to Bermejo Miramontes (unpublished”),
who carried out a study on age and growth on the same
specimens used in the present study, M. rosacea has
medium longevity with relatively slow growth, reaching
sizes between 21 and 74 cm TL, which correspond to ages
between 1 and 15 years, in the area of Santa Rosalia. The
age groups of 3 and 4 years were the most represented. The
estimates from that study were lower than those reported
by Diaz-Uribe et al. (2001) of between 29 and 97.5 cm
TL, and of age groups between 1 and 21 years in La Paz
Bay and adjacent BCS areas. Due to the fact that we did
not obtain specimens measuring > 74 cm given the fishing
gear used, our analysis was limited to a size spectrum that
did not include juveniles or larger adults.

In this context, we detected trophic variations in the
different sizes of leopard grouper. Small leopard grouper
fed mainly on euphausiids N. simplex. Leopard grouper
recruits had little hunting ability, as well as possible
morphological limitations due to their small size, which
could restrict the diet breadth and prey size (Winemiller
1989). Medium and large leopard grouper incorporated a
wide diversity of prey into their diet, preferably fish. The
trophic change in large leopard grouper could be attributed
to their improved swimming ability and more developed
and efficient search, hunt, and capture abilities, which
are magnified by development and greater mandibular
aperture (Hobson 1968, Werner 1977, Hoyle and Keast
1987, Wainwright 1987, Wainwright and Barton 1995).

It should be noted that as the leopard grouper has been
reported to be a shallow-water crepuscular predator that is
relatively inactive during the middle of the day and at night
(Hobson 1968, Thomson et al. 2000), specimens were
captured during the crepuscular period (05:00 to 08:00
h), which is the time period of most frequent and intense
feeding. This was confirmed with the present study, as of

341 analysed specimens, 309 (90%) presented stomachs
containing food. This resulted in the diet characterization
reflecting the feeding habits during morning hours and
not during the other important feeding time that occurs
immediately after sunset (Thomson et al. 2000).

Size-dependent feeding behaviour has been reported for
other epinephelids (Mullaney 1994, Giménez et al. 2001,
Renones et al. 2002, Linde et al. 2004, Condini et al. 2011,
2015, Artero et al. 2015). It should also be noted that the
body shape of M. rosacea could play an important role in
its feeding habits, because according to Gibran (2007) the
genus Mycteroperca is characterized by a elongated and slim
body that gives it high mobility within the water column and,
therefore, greater preference for pelagic prey, such as clupeids
(Hobson 1968, Parrish 1992), which was seen in this study
with the great consumption of pilchard and euphausiids.

There were also variations in the leopard grouper diet
with the seasons. The euphausiid N. simplex was consumed
moderately during winter. There was a notable increase in
consumption during spring when it became the dominant prey.
Nyctiphanes simplex disappeared completely from the diet
during the warmer months of summer, and it was consumed
in low amounts during autumn. Nyctiphanes simplex is the
most abundant euphausiid within the GC and is usually found
in higher densities during winter (Brinton 1962, Brinton and
Towsend 1980, Gomez-Gutiérrez 1996). This could explain
the large contribution of N. simplex to the leopard grouper
diet during winter and spring. Moreover, there is a well-
defined distribution pattern that it presents during the cold
season, as this species tends to migrate closer to the surface
when the water column presents a homogeneous temperature
< 17°C (Gémez-Gutiérrez et al. 2010).

The pelagic fish S. sagax was recorded in the diet during
three of the four seasons (winter, summer, and autumn).
There is an intrusion of equatorial surface waters into
the study area during the warmer months, which causes
an increase in sea surface temperature and a decrease
in chlorophyll concentration in the central GC (Alvarez
Borrego and Schwartzlose 1979, Lavin and Marinone
2003). This causes pilchards to become concentrated in
areas of high productivity, one of which is located around
the large islands (Badan-Dagon et al. 1985, Santamaria
del Angel et al. 1994, Alvarez-Borrego 2008) that are
considered important centres of species dispersal and
of this prey in particular (Martinez-Zavala et al. 2010).
We cannot rule out that pilchard consumed by leopard
grouper in Santa Rosalia came from these areas of high
primary productivity, which occur year-round. It is also
possible that upwelling processes could occur in the warm
season in waters adjacent to Santa Rosalia, congregating
dense schools of pilchard (Roden 1964, Badan-Dagon et
al. 1985, Cotero-Altamirano et al. 2015) and making this
trophic resource available to leopard grouper.

Demersal fishes were present in stomach contents of
leopard grouper year-round. It is probable that this type
of trophic resource is available year-round for leopard
grouper as they share the same habitat (Hobson 1968).

" Bermejo Miramontes, G. A. 2018. Edad, crecimiento y mortalidad de Mycteroperca rosacea (Streets,1877), en Santa Rosalia, Baja California Sur, México. Masters
thesis, Centro Interdisciplinario de Ciencias Marinas, Instituto Politécnico Nacional. La Paz BCS, México.
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Although there were substantial trophic changes in the diet
of leopard grouper over the seasons, it should be noted that
the main prey, euphausiids and pilchard, were consumed
when their abundances were highest in the central region
of the GC (Brinton 1962, Cisneros-Mata et al. 1995).

PERMANOVA multivariate analyses are being
increasingly employed in fish trophic ecology studies (Freitas
et al. 2015, Pereira et al. 2015, Rosa et al. 2015) due to their
statistical rigor (Anderson and Walsh 2013). This analysis
indicated that there were significant differences in the diet of
leopard grouper by sex, size, and season, but no significant
interactions. Differences found could be the result, as was
mentioned, of the seasonal availability of feeding resources,
the different energetic requirements linked to sex and/or gonad
developmental stages, as well as the hunting ability. In this
sense leopard grouper was categorized as a specialist predator,
since of the 28 species identified in its stomach contents,
only five (N. simplex, S. sagax, C. atrilobata, M. inornatus,
and S. rectifraenum) comprised over 90% of its diet. This
strategy is not common among epinephelids (Parrish 1987,
Bullock and Murphy 1994, St. John 1999, 2001, St. John et
al. 2001); however, there are prior records of Epinephelus
marginatus (Lowe, 1834) and Mycteroperca rubra (Bloch
1793) having this type of feeding behaviour (Linde et al.
2004, Aronov and Goren 2008, Condini et al. 2011).

It should be emphasized that until now no feeding
strategy characterization has been carried out for
M. rosacea, but according to results obtained using the two
quantitative composite indices it was evident that the diet
comprised a reduced number of dominant species, notably
S. sagax and N. simplex. This trophic behaviour could
be influenced by the great availability and abundance of
these two prey species in the study area. The total mean
biomass of N. simplex has been calculated at 5098 t,
whereas for pilchard it has been calculated at 50 000 t;
these two species form great coastal aggregations in the
GC (Anonymous 2012, Martinez Gémez unpublished”).

The specialist feeding strategy was consistent over the
different categories; however, based on the Costello analysis,
it was evident that the different categories did not feed
simultaneously on these resources, and there was alternation
in the consumption of the different prey according to sex,
size, and season (Figs. 5 and 6), which allows an efficient
distribution of feeding resources, and, therefore, a reduction
in intraspecific competition (Gerking 1994).

The comparison of quantitative results obtained with
the %IRI and %PSIRI showed that in general as well as
by category (sex, size, and seasons), leopard grouper fed
on the same prey species, although the proportion found of
each species in the diet differed according to the index used.
We consider that this difference in proportions could be due
to the fact that the %PSIRI algorithm uses a mean of the prey
importance by number and weight with respect to the number
of stomachs in which those items were recorded, contrary
to the %IRI, in which the importance of prey species is a
function of the total number of stomachs, which results in
an overestimation of prey (Hyslop 1980, Brown et al. 2012).

This fact was evidenced directly when contrasting
and comparing the %IRI and %PSIRI graphs (Fig. 3 and
4). Based on this we suggest that in studies of feeding
habit characterization the use of the %PSIRI provides
more trustworthy and robust information. We, therefore,
provide an R routine that can help carry out its calculation
simply. Finally, it should be pointed out that due to the
proposal by Pinkas et al. (1971), %IRI index has been used
in a large number of studies on the characterization of the
trophic spectrum of fish species. This tool is still efficient
and useful, especially regarding the standardization of
information collected over more than four decades, which
is no doubt highly relevant for comparison purposes.

From the results obtained in this study, we determined
that in Santa Rosalia BCS, the leopard grouper,
Mycteroperca rosacea, is a carnivorous predator whose
prey can be coastal fishes or invertebrates distributed near
the rocky bottom or in the water column. We also noted
that despite the narrow trophic niche observed, there was
a high degree of intraspecific variation in the composition
and abundance of the leopard grouper prey species,
minimizing competition for food.
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