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Abstract Ecosystem-based fishery management pro-
grams require a reliable estimate of the trophic positions
of aquatic resources. Both stable isotope analysis (SIA)
and stomach content analysis (SCA) have been used to
estimate the trophic positions (TP) of aquatic systems,
but few studies have compared results from both
methods. To determine whether the two methods
produced similar results, we used SIA (8]5N and 5]3C),
SCA (estimated with the TROPH routine) and data from
FishBase to estimate the TP of 66 fish species in a
subtropical estuarine system of the Gulf of California.
SIA values ranged from 2.6 to 5.6, with 56 % of the
species having a SIA value above 4.5, and 14 % of the
species having a SIA value below 4. The SCA values
ranged from 2.6 to 4.8, with 76 % of the species having a
SCA value of 3-4. Overall, SCA results underestimated
TP (including FishBase data), while SIA yielded better
results, particularly if both 8'°N and 8'°C are used. The
TROPH routine has oversimplified assumptions such as
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the same TP for all organisms in the same taxon, but if
SIA is unavailable, SCA could be used, accompanied by
knowledge of the TP of the most important prey items.

Keywords Fish trophic levels - 3'°N and §'°C -
Stomach contents analysis - Subtropical estuarine
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Introduction

In most parts of the world, fishery science is still
developed within the realm of population ecology
(Quinn II 2003; Mangel and Levin 2005). Single-
species population dynamic models are core tools in the
stock assessment process. For instance, although shrimp
trawl fisheries of tropical regions are multispecific
fisheries, single-species models apply, as a high quantity
of bycatch is captured and discarded (Madrid-Veraet al.
2007).

There is a current global consensus that fishery
management must shift from its traditional single-
species focus to a more holistic approach toward
utilization of aquatic resources while maintaining fully
functional ecosystems (Clark et al. 2001; Marasco et al.
2007). Achieving sustainable use of fishery resources
requires management on scale of all the organisms
subject to exploitation rather than at the scale of those
targeted directly by the fisheries (Koen-Alonso 2007).
Using this new perspective, trophodynamic models
now address the joint dynamics of fishery resources.
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Fish trophic position (TP) is currently recognized as a
useful indicator of human disturbance, and trends in the
mean trophic positions of fishery landings are often
used as a sustainability and marine biodiversity indica-
tor (Pauly and Watson 2005; Branch et al. 2010).

The TP of aquatic resources is a prerequisite for
understanding how aquatic systems function (Baird
etal. 1991; Baird and Ulanowicz 1993; Pasquaud et al.
2010) and for developing ecosystem-based fishery
management programs (Bondavalli et al. 2006;
Ulanowicz 1996). TP information also enables com-
parative community analysis, in which available
community studies are re-expressed using trophic
position as a common value (Pauly et al. 2000b).

Howeyver, a reliable estimate of fish TP is needed.
Programs such as the web-based relational database
FishBase estimate TP with stomach content analyses
(SCA) and ecological modeling tools such as TROPH
(Pauly et al. 2000a, b). FishBase provides TP values for
close to 33,000 fish species (as of March 2015) that
were estimated using diet information extracted from
publications and provides an adequate source of
information on the trophic ecology of fish. However,
SCA is time intensive and requires high sample
numbers, as well as considerable taxonomic expertise,
especially when investigating the diets of benthic
predators. Additionally, SCA provides detailed infor-
mation on fish diet but does not account for long-term
patterns of mass transfer; instead, it provides an
instantaneous measure of an organism’s diet (Vander
Zanden et al. 1997). Finally, spatial-temporal vari-
ability in prey (e.g., abundance, availability and capture
efficiency) and ontogenetic shifts (e.g., increases with
size and energetic requirements) may obscure fish TP
estimates within the food web based on SCA.

In recent years, stable isotope analysis (SIA) has been
recognized as a useful tool for TP estimation as an
alternative to or combined with SCA (e.g., Codron et al.
2012; Mancinelli et al. 2013). TP is generally achieved
using only 8"°N signatures or in combination with '°C
measurements (Cabana and Rasmussen 1996; Vander
Zanden et al. 1999; Post 2002). Naturally occurring
stable isotopes of nitrogen (’N/**N) and carbon
(13C/12C) are also used to investigate food webs,
specifically in determination of food or energy sources
(DeNiro and Epstein 1981; Minagawa and Wada 1984;
Wada et al. 1991), dietary patterns, and trophic relation-
ships within ecosystems (e.g., Deegan and Garritt 1997,
Post 2002; Pasquaud et al. 2010). Depending on the tissue
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analyzed, SIA measurements can provide a longer
integrative record of food assimilated by an organism
than SCA. However, SIA also has limitations related to
spatial-temporal fluctuations in the isotopic composi-
tions of available foods. Further, SIA presents the
possibilities of overlapping isotopic values in dietary
items and inter- and intraspecific variability in the
isotopic signatures of predators due to seasonal effects,
size-dependent feeding, and the tissue lipid content (Post
2002; Mancinelli et al. 2013). Additionally, it does not
provide direct evidence of an organism’s prey items (i.e.,
specific invertebrate taxa) and requires infrastructure and
instrumentation that are not always available in devel-
oping countries.

The objective of this study was to compare SCA
and SIA estimates of TP values of 66 estuarine fish
species from a subtropical estuarine system in the Gulf
of California. Because fish TP is critical to assessing
ecosystem-level biological interactions, we sought to
determine whether the methods yielded similar results.
Two versions of each method were compared, and
their similarity was evaluated with FishBase-estimat-
ed TP values. For the SIA method, TP estimated with
(a) only 8"°N and with (b) both isotopes (3'°N and
613C). For the SCA method, TP was estimated with
Pauly’s TROPH using (a) default TP values of prey
items and (b) those corrected when known by our SCA
results.

Few studies exist that compare TP values calculated
experimentally using different versions of both meth-
ods. Similar studies have found comparable results in
some cases (Kline and Pauly 1998; Rybczynski et al.
2008), while in other cases, seasonal and method-
dependent relations were found (Carscallen et al.
2012; Mancinelli et al. 2013). However, no attempts
have been made to compare TP values obtained with
two SIA methods, in which 8'3C information is
incorporated into one method, or with SCA methods
where the TP of the prey items is modified to the
default TROPH value.

Materials and methods
Sample collection
Fish specimens were collected in the Santa Maria la

Reforma estuarine system, located on the continental
shelf of the central Mexican Pacific. This is a type
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IITA, inner-shelf coastal lagoon (Lankford 1977)
populated by mangroves. Fish surveys were performed
for five consecutive days at monthly intervals from
December 2006 to March 2007 (winter season) at 29
stations (Fig. 1). Sampling was conducted onboard
skiffs fitted with 115-HP outboard engines, equipped
with the following fishing gear: (a) shrimp trawl net,
fitted with a 24-m footrope and a 50-mm liner at the
codend; (b) gillnet, 300 m long and fitted with a
75-mm liner; and (c) suripera net, which is a cast net
modified for trawling fitted with a 3.5-cm liner and
towed using the force of the wind or of the tide-
generated current. A more detailed sampling protocol
is available in Amezcua et al. (2006). Sampling hauls
were limited to 10 min to minimize regurgitation or
abnormal feeding. Specimens were immediately iced
and then transported to the laboratory for analysis.
Additionally, we collected primary producers and
consumers, detritus and seston from water column and
sediments to establish the appropriate baseline for the

estuarine food webs. Plankton samples were collected
with 30 and 200 pm mesh conical nets at two knots for
~ 10 min for phytoplankton and zooplankton, respec-
tively. Phytoplankton samples in the nets were cleansed
with MilliQ water and filtered through GF/F filters with
a 0.45-um pore with the aid of a vacuum pump. Most of
the zooplankton samples were processed and analyzed
whole (as one category), and only a few samples were
separated. Macroalgae, mangrove, saltwort, and cattail
were also collected by hand with replicates (usually
15-20 of the second youngest leaves from 3 to 5 plants).
Macroalgae and angiosperm samples were first rinsed
with potable water to remove sediments and salt
particles and then rinsed with MilliQ water. In each
site and event, triplicated superficial water samples were
collected in HCl-cleaned polyethylene 2 L bottles and
transported to the laboratory for analysis. Suspended
particulate matter (SPM), separated by filtering
500-2000 mL from water samples through a precom-
busted (500 °C, 4 h) glass fiber filter (GF/F), was
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determined by weight differences (before and after
filtration) and was considered as ‘seston’ that comprises
the living or dead phytoplankton and plant in disinte-
gration. Surficial sediments were also collected in
triplicate in each site by using a Van Veen bottom drag.
Upper layers (few millimeters) were re-sampled from
surface sediments. Polychaetes and other macrofaunal
organisms were separated from sediment samples
obtained with a 0.1-m> grab and sieved through a 0.5-
mm mesh. The organic matter in surface sediments
considered as detritus, benthic microalgae and meio-
fauna (<0.5 mm) was not separated but analyzed as a
whole category, detritus. All samples were packed in
sealed doubled plastic bags and kept on ice immediately
after collection until they were processed in the
laboratory.

Sample preparation and analysis

Fish were identified to species level, with total length
(TL) and total weight (TW) recorded for each
specimen. Stomach contents were examined using a
stereoscopic microscope. Prey items were counted,
weighed, and identified to the lowest taxonomic level
possible. Gravimetric measurements reflect dietary
nutritional value (Macdonald and Green 1983), so
stomach content results were expressed as gravimetric
percentages, calculated for each item consumed by a
fish species based on total stomach content mass
(Hyslop 1980). A randomized cumulative curve was
created plotting new prey types against the number of
nonempty stomachs to determine whether the number
of analyzed organisms was sufficient to describe the
diet of each species (Ferry and Caillet 1996). If not,
that species was removed from the analysis. In order to
avoid ontogenetic diet changes, only species with
enough adults for a meaningful SCA and SIA were
selected. From the selected species, a subsample of
5-10 specimens of the same species and size range and
collected in the same habitat (lagoonal, transitional
and marine) and season (dry and rainy) were rinsed in
Milli-Q water and stored frozen at —20 °C in a double-
ziplock bag until dissection.

A total of 297 samples of fish were prepared for
SIA. In order to minimize the effects associated
with depleted 813 values, we collected low-lipid
dorsal muscle tissue from each selected specimen
(Bodin et al. 2007). All samples were lyophilized
(—44 °C, 33-72 mmHg, 72 h) and pulverized to a
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homogeneous powder using an agate mortar. Aliquots
of homogenized fish muscle were weighed (1.0 &
0.1 mg) with a microbalance, packed in tin cups
(5 x 9 mm) and placed into sample trays until analysis
(Costech, Valencia, CA) for carbon and nitrogen
contents and their isotopes. Before carbon content and
stable isotope analyses, samples were exposed to HCl
vapor for 4 h (acid-fuming) to remove carbonates and
then dried at 60 °C for 6 h (Harris et al. 2001).

All biota (primary producers and consumers),
seston and detritus samples were stored frozen at
—20 °C, lyophilized at —45 °C for 3 days and pulver-
ized to a homogeneous powder in an agate mortar. The
samples were then transferred to plastic containers and
stored until analysis. Samples were treated with acid
prior to isotopic analysis (HCI vapors for 4 h within a
glass desiccator). Although only small aliquots
(~0.2 mg of samples on a dry weight basis) are
required for analyzing bulk carbon and nitrogen
isotopes, planktonic samples are nonetheless difficult
to compile. Therefore, in many cases, several indi-
viduals of the same or different species at a given site
were combined to have sufficient biomass for SIA.
Aliquots were weighed, pressed into tin capsules and
sent to the Stable Isotope Facility at the University of
California in Davis for determination of stable isotope
ratios ("*C/'?C and "’N/™N). Analyses of stable
isotope composition used a PDZ Europa ANCA-
GSL elemental analyzer interfaced to a PDZ Europa
20-20 isotope ratio mass spectrometer (Sercon Ltd.,
Cheshire, UK). Isotope ratios of the samples
were calculated using the equation J (%0) = (Reampic/
Ryandard— 1] % 1000, where R = N/'*N or *C/'*C.
The Rgandara 18 relative to international standards, the
Air and V-PDB (Vienna PeeDee Belemnite) for N and
C, respectively. The analytical precision of these
measurements was 0.2 % for 8'°C and 0.3 % for 5'°N
(http://stableisotopefacility.ucdavis.edu/13cand15n.
html).

Estimation of trophic position and associated
standard errors

TP values based on SCA and their associated standard
errors were estimated using a stand-alone quantitative
application in TrophLab (Pauly et al. 2000a). TP was
calculated by adding 1 to the mean trophic position
and weighted by the relative abundance of all food
items consumed by a species. Food items are assigned
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to discrete trophic levels, with basal resources and
detritus located at a definitional trophic level of 1,
following the convention established in the 1960s by
the International Biological Program (Froese and
Pauly 2015). A trophic position (TROPH) value is
thus obtained and expresses an organism’s position in
the food web. The TROPH of fish species i was
estimated from the following equation:

G
TROPH; = 1+ Y DC; x TROPH; (1)
J=1

where DC;; is the fraction of prey j and is the diet of
consumer i, TROPH; is the trophic level of prey j, and
G is the number of groups in the diet of i. The standard
error (SE) of the TROPH was estimated using the
weight contribution and the trophic level of each prey
species in the stomach. TrophLab uses default TP
values for various prey items (FishBase; Froese and
Pauly 2015), but if known, the TP values can be
replaced. In this sense, two separate SCA values for
each predator species were determined—the first using
the default TP value of the prey items (SCAp) and the
second using the known trophic position value of fish
prey items based on our SCA results (SCA().

TP estimates based on SIA were also determined in
two ways. First, TP was determined using only the N
isotopic ratios of the consumer species (SIAy):

TPsiay = 4 + (8" Nish — 8" Noaseline ) /F (2)

where 4 is the trophic position of the food web base,
815Nﬁsh is the nitrogen signature of the species of fish
being evaluated and F is the isotopic discrimination
factor.

Selection of the most ecologically meaningful values of
Eq. (2) parameters (TP in the base, 8N in the baseline
indicator and the enrichment factor) is a key step for TP
calculations when applying SIA to the study of food webs
(Post 2002; Layman et al. 2012). Here, we chose primary
consumers as baseline indicators (1 = 2) to calculate the
food web base because they showed a lower spatial-
temporal variability compared to primary producers. In
order to provide a more general and accurate baseline, we
included zooplankton and benthic primary consumers
collected in different habitats across the estuarine system
and climatic seasons (e.g., rainy and dry). During the study,
the grand mean &N of primary consumers was
8.84 £ 0.39 %o, with interspecific variability in isotopic
signatures considerably lower than that observed for basal

resources such as primary producers, seston and detritus
(data not included), ranging from a minimum of
8.46 £ 1.28 %o in zooplankton dominated by copepods
to 9.39 £ 0.78 %o for fish larvae. In our study, the
universal reference value of 3.4 %o was used as the trophic
discrimination factor (Minagawa and Wada 1984). How-
ever, we recognized that F' values might vary among fish
species and among individuals of a given species accord-
ing to nutritional, environment and individual conditions
(Bojorquez-Mascarefio and Soto-Jiménez in press) but
knowledge on how the trophic discrimination vary is
limited (Martinez del Rio et al. 2009).

Because primary consumers were collected from a
two-source food web (e.g., benthic and pelagic food
web), each with a separate set of primary producers
and detritus sources, we used the following equation
(Post 2002) to recalculate the trophic position SIAxc
for all fish species, taking into account the proportion
N in the consumer ultimately derived from the base of
food web 1 (2):

TPsiaxe = 4 + (8" Niish—8" Nigserxa + 8" Npasenx
x (1 —a))/8"°N (3)

where 815Nﬁsh is the N signal in fish species, and
89 Npaser and 8'°Ny,een are the mean 8'°N signatures
of food web 1 (pelagic) and 2 (benthic) baselines,
respectively. Finally, the constant o was estimated
following a two-endmember-mixing model that dis-
tinguishes the both sources of carbon or energy:

o= (813Cfish_813Cbase2)/(6l3cbasel_813Cbas52) (4)

The model in Eq. 4 assumes that (1) movement of
N and C through both food webs is similar, (2) there is
little or no trophic fractionation of C and (3) the
mixing process is linear (Post, 2002). In our study, the
constant o was estimated in 0.67 considering two
complex mixtures of carbon sources, the pelagic that
consisted of phytoplankton and seston (8'°N =
7.2-8.0 %o and 8'"°C = —24.7 to —19.78 %o) and the
benthic that consisted of live macroalgae and detritus of
angiosperms and macroalgae (5'°N = 6.5-9.1 %o and
313C = —21.22 to —28.23 %o).

Statistical analyses
Trophic position values calculated with different

methods were compared, and their relationships with
FishBase estimates were tested. A two-way ANOVA

@ Springer



240

Aquat Ecol (2015) 49:235-250

was performed with the TP value as the dependent
variable and the method (SCADq4, SCAC,, SIANc and
SIAN) and species as fixed categorical factors or
independent variables. This statistical arrangement is
useful in determining differences in TP values
according to methods, species and the interaction
method/species. If significant differences were detect-
ed, multiple comparisons of means were performed
using the Tukey’s HSD test. The homogeneity of
variances was tested using Cochran’s C test, and the
data were transformed when necessary.

Histograms of FishBase values and TP values
estimated with each method were plotted as separate
normal distributions with their corresponding means
and standard deviations, in order to determine which
method better characterized the trophic complexity
and feeding guilds of the fish assemblage. Use of this
procedure with TP values has been used previously
successful for the identification of functional trophic
groups (Stergiou and Karpouzi 2002).

Corresponding means and standard deviations (SD)
of each TP of the normal distributions were calculated.
Estimation of these parameters for each normal
distribution was achieved using maximum likelihood
criterion in order to obtain a probability value for each
of the k possible outcomes (pk) in the n trials. To obtain
the expected number of cases, the log-likelihoods from
the following multinomial equation were used:

k
LL{L|,, 00} = — > LiLy(P;)
i=1

Sl e

where LL{L | p,, 6,,} is the likelihood of any individual
observation X, given p (the population mean) and ¢
(the population standard deviation). y,, and g, are the
mean and standard deviations of the n cohorts con-
sidered. There are k length classes, and L; is the
observed frequency of length class i, while p;-hat is the
expected proportion of length class i from the com-
bined normal distributions. A detailed explanation of
this method can be found in Haddon (2001).

Once the normal distributions or modes for each
method were identified, the multivariate multiple
permutations test SIMPER (similarity percentages)
was used to determine the main prey items that
corresponded to the suite of fish species present in
every mode for each method and therefore identify
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functional trophic groups for each of the methods
used to estimate TP. To do this, a matrix containing
fish species as samples (columns) and the prey items
as variables (rows) was constructed, with the pro-
portion of each prey item in the diet of each fish as
the data. Four factors were then assigned to each fish
species (SCADy, SCAC,, SIAnc and SIAy), which
were used to estimate TP, and the factor values were
the means obtained for each mode of every method
with the maximum likelihood procedure. Then, the
average similarity of each prey item within every
group (normal distribution) was estimated with
Euclidean distances. The analysis was performed
with the analytical software PRIMER 6 (Clarke and
Warwick 1994). In the case of the normal distribu-
tions obtained from the FishBase data, prey items for
every mode were obtained directly from web site
information.

Results

A total of 8992 adult specimens belonging to 66 fish
species and 33 families were analyzed for the estimation
of TP values with SCA and STA and compared to those
provided from FishBase (Table 1). The mean TL of
adults ranged from 8.2 cm for a Pacific moonfish to
53.8 cm for a long-tail stingray. The cumulative prey
item curve fit better with a logistic curve (R® > 0.94,
P <0.05) than that with a linear relationship
(R2 <093, P> 0.05) for all 66 species; therefore,
sample size was considered to be sufficient for describ-
ing the diet of all 66 species. The identified prey
items included plankton, nekton, hyperbenthos and
epibenthos.

Estimated TPgcap values for stomach content data
ranged from 2.65 for the big-scale anchovy to 4.5 for
the Mexican barracuda and the Pacific cornetfish,
while estimated TPgcac values ranged from 2.65 for
the big-scale anchovy to 5.21 for the toothed flounder.
TPs1a, values ranged from 2.74 (Pacific spadefish) to
4.96 (cominate sea catfish), while the TPgjs,. values
ranged from 2.99 to 5.21 for the same two species.
Both SIA methods and the TPsca. identified a
maximum trophic value of 5.21, but for different
species.

Significant differences were found between the mean
TP value of species (Fes,1057) = 40.235, p < 0.01),
according to the method used (F(3,1057) = 794.15,
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a|l B8 & yal p <0.01), and the interaction species/method
21 °| 3% (Fos.1057 = 94215, p < 0.01). Based on the ANOVA
9 Z g results, a plot of fish species versus TP values
52 2=~z 2 2 determined by different methods was constructed, with
B w v oa g:p the data plotted according to the TP values estimated
© ~ < E :; with SIAnc. TP values estimated by SIA methods did
212 & 2 & ; not differ significantly (Tukey’s HSD test), and in
2 general, these values were higher than those obtained
é? <+ a0 —§ k> by SCA methods and reported by FishBase. TP values
ElR 22 & z obtained by SCA methods were typically similar, but
b g in 10 species the SCA¢ was significantly higher than
Al § & A ig the SCAp. Only for 5 of 10 species did the SCAc
i % § value not differ from the SIA values, while in the
5] 5 E other 5 species, the SCAc values were significantly
E R 2= higher than both SIA values (Tukey’s HSD test;
B R é ;2 Fig. 2). Only 6 species had TP values that did not
~ O — % differ statistically among methods used—all 6 had
2 33838 “gt medium-to-low TP values. For 4 species, both TP
A & é values estimated with SCA were significantly higher
§ + = 2 2 than those estimated with SIA, and all corresponded to
all I QL_VJ’:.Z species of lower TP according to SIA (left part of the
&2 graph). In general, in this part of the graph, the highest
a2 T8 Z2 3 TP values estimated with the TROPH routine are
i %g found, including values from FishBase. The only 2
A ué E exceptions are the toothed and Panamic flounders, in
=l ECR £ E which FishBase shows a low TP value. The TP value
-+ o é Tg estimated with SCAp for these species is not different
al8Sd S = from those estimated with SIA, but the values
= o = estimated with SCA( are significantly higher. In fact,
A O ®© éf’ according to TROPH, these 2 species are the top
S I ~ &. = predators in the studied ecosystem. For the other 50
° 3 5 é species, the TP values estimated with SIA were
;quf é = i ; significantly higher than those estimated with SCA.
=) %ﬂ g %’ & @f Both SIA methods showed five different modes
;}_E“ S é)‘ Z E é f when the histograms of the estimated TP values were
% g 73 decomposed into separate normal distributions. Both
s da histograms showed similar patterns, with most data
o E % E,; < E clustered toward the right of the graph, with TP values
§ g . 3 é % é over 4.00, although the means estimated with TPgja,.
g g § £ i “.3 2 E were higher (3.1, 3.70, 4.36, 4.73 and 5.01) (Fig. 3a)
A than those obtained with TPsja, (2.91, 3.47, 4.12, 4.49
S|£3S8 |2 855 and 4.78) (Fig. 3b). The estimated TPsca. values
_ % ;: é ; displayed four normal distribution components with
= % 2|8 .S three main modes with TP means at 3.22, 3.68 and
é § § §° ; § § é 4.15, and one minor mode with mean TP of 5.25. This
E § - g § g &é pattern differed from that of the SIA method, where
- .| & g >ls _: ﬁ 2 most of the values were under 3.8 (Fig. 3c). A similar
= § § g § E 3 ‘gg pattern was observed between TPsca. and TPsca,
Slald 3138 ZF %
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methods, but with the fourth mode from the TPgca,
method integrated to third and the last mode of TPgca,.
method (Fig. 3d). Finally, TROPH values obtained
from FishBase displayed four normal distribution
components, with two main modes at mean TP values
of 3.49 and 4.00, and two minor modes with mean TP
values of 2.00 and 3.14. The pattern was similar to that
of the TPsca, method; however, FishBase had one
species with a very low TP value (two for the striped
mullet), and therefore, the mode appears left-shifted
on the graph (Fig. 3e).

SIMPER analysis allowed us to assign functional
trophic groups to every mode observed. For both STA
methods, the first modes included the bentho-pelagic,
reef-associated spadefish and the demersal Peruvian
mojarra, first-order carnivores that feed on benthic
invertebrates and hydroids. The second group includ-
ed the pelagic cornet fish and demersal small flatfish,
omnivores with a preference for small benthic fauna
and juvenile and larvae fish. The third functional
group included pelagic, bentho-pelagic and demersal
species, such as anchovies, mojarras, croakers, rays
and puffers, and consisted of omnivorous fish with a
preference for demersal fish, macrobenthos and
infaunal crustaceans. The fourth group included
pelagic, bentho-pelagic and demersal species, such
as drums, grunts, corvinas, weakfish and morays, and
consisted of omnivorous fish with a preference for
macrobenthos and demersal fish species. The fifth
group, which also included demersal, bentho-pelagic
and pelagic species such as perch, grunts, croakers,
snappers and the Pacific sierra, was comprised of
carnivorous fish that consumed fish and benthos with
similar high TP values (Fig. 3a, b).

For the TPgca.. values, the first functional trophic
group included pelagic and demersal species such as
anchovies, small flatfish and mojarras, and consisted
of second-order carnivores that fed on benthic organ-
isms and planktivorous crustaceans. The second
group, which included pelagic, bentho-pelagic and
demersal species such as rays, mojarras, mullets,
grunts, croakers, tonguefish, catfish, herring, eels and
guitarfish, was comprised of omnivorous fish with a
preference for decapod crustaceans. The third func-
tional group included demersal and pelagic species
such as weakfish, corvina, snappers and the Pacific
sierra, and consisted of omnivorous fish with a
preference for fish, squid and shrimp. The fourth

@ Springer

group included demersal large flatfish (flounders) was
comprised of omnivores with a preference for fish
(Fig. 3c¢).

For the TPsca, values, the first functional trophic
group, which included pelagic fish such as anchovies
and herrings, consisted of second-order carnivores
feeding on planktivorous crustaceans. The second
group consisted of omnivorous fish with a preference
for decapod crustaceans, demersal fish and mollusks,
and included most of the fish species analyzed from
pelagic, bentho-pelagic and demersal habitats. The
third functional group, which included bentho-pelagic
and demersal fish such as snappers, large flatfish
(flounders), barracuda, snooks and cornet fish, con-
sisted of omnivorous fish, carnivores that consume
only fish and decapods (Fig. 3d).

Finally, for the FishBase TP values, the prey items
in each mode were assigned according to the most
common items from the suite of fish species in each
normal distribution, based on information provided by
this database. The first mode includes only the striped
mullet, which feeds on algae and detritus according to
FishBase (Froese and Pauly 2015). The second mode
consists of mostly demersal species and the Pacific
spadefish, which are second-order predators that feed
on plankton and small benthic invertebrates. The third
mode includes a majority of the species, with
inhabitants of all habitats that prey on macrobenthos
and small fish. Finally, the fourth mode includes
demersal, pelagic and bentho-pelagic fish and includes
the top predators of the system according to FishBase.
These were omnivores or carnivores feeding mainly
on fish, squid and decapoda.

Discussion and conclusions

Accurately estimating the TP of fish is essential for
ecosystem-based fishery management (EBFM), as it
has been recognized that the classical approach to
single-species management is not adequate and that all
exploited species should be considered, even when not
the target species (Clark et al. 2001; Marasco et al.
2007). Shrimp trawl fishing is the most important
industry in the Gulf of California’s estuarine, coastal
and open sea regions. Previous studies have shown the
industry to be the main generator of bycatch, which is
primarily composed of fish primary harvested by
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Fig. 2 Comparison of the mean TP of each fish species as
estimated by the five methods. TPsia,.: trophic position
estimated with stable isotopes of nitrogen and carbon. TPgia,:
trophic position estimated with stable isotopes of nitrogen.
TPsca.: trophic position estimated with stomach content
analysis using the known TP of the fish preys. TPsca,,: trophic
position estimated with stomach content analysis using the

small-scale fisheries (Amezcua et al. 2006, Madrid-
Vera et al. 2007; Amezcua et al. 2009). Although the
Gulf’s fishing is a small-scale industry, it supports
thousands of local families. At present, adequate
management for most demersal and bentho-pelagic
fish species in the Mexican Pacific is nonexistent, as is
the case for similar species in tropical and subtropical
regions as well. The Mexican government recognizes
its need for an EBFM (CONAPESCA 2010), for which
knowledge of fish TPs is essential, as it enables
estimation of the “Primary Production Required” to
support fisheries in any locality, as well as evaluation
of ‘fishing down the food web.’

Fish TP values are currently obtained with the
following methods: (1) from the FishBase informa-
tion; (2) from SCA and then applied a routine such as
Pauly’s TROPH; and (3) from SIA. To the best of our
knowledge, this is the first study that compares values
obtained from these three methods and its variations,
for finfish of subtropical coastal lagoons, and deter-
mines whether they could potentially be used

uefish

2
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default TP value of preys given by TROPH. TPg;gpase: trophic
position obtained from FishBase. Circles indicated species
where significant differences were not found between TPg; and
TPsca values. Arrows indicated species whose TPgca value was
significantly higher than the TPg;y value. Lined arrows
indicated species whose TPsca. value was significantly higher
than the TPgsca, value

interchangeably. Because the SCA and SIA each have
variations that could yield different results, we calcu-
lated five TP values for every fish species: the
FishBase value, a SCAp value obtained using the
default TP values of prey items in TrophLab, a SCA¢
value also obtained with TrophLab but with modified
TP values for fish preys, a SIAy value obtained with
3N isotopes, and a SIAnc value obtained with a
combination of 8'°N and §'3C isotopes.

The ANOVA results indicate that the fish included
in this study come from the top part of the food chain,
as most TP values were above 3 with all the methods
employed. Although about half of fish had TP values
around 4, distribution was scattered between the
values of 3 and 5. The estuarine system studied has
approximately 200 fish species (Amezcua et al. 2006);
however, the 66 species used in this study represent
~70 % of the abundance of those species. Although
not our study goal, we suspect that the system could be
dominated TP four fish, with few top predators, and
with invertebrates as the first-order predators.
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Fig. 3 Histograms and decomposed modes of TP values
estimated by each method. The organisms at the top of each
mode denote the most frequently consumed prey item for that

However, we do not have sufficient evidence to
support this supposition.

The ANOVA results indicated differences between
methods, and although the FishBase TP values could
not be included in our analyses, when graphed against
the other results, some tendencies are evident. In
general, the FishBase values were similar to those
obtained in our study, as both were obtained from the
same method (TrophLab). However, for about 12
species, the results were not alike. A reason for this is
that FishBase uses values obtained from all over the
world and spatial differences could cause these

@ Springer

normal distribution according to SIMPER. The numbers
underneath indicate the mean TP for that mode and standard
deviations (in parentheses)

dissimilarities. Further, we only used adult fish, while
FishBase does not specify fish maturity. Also, Fish-
Base reports some trophic levels estimated on diet
items known to be ingested by a given species using a
randomized resampling routine, when the proportion
of each prey item in the diet is not known. All these
circumstances can cause our results to be different
from those given by FishBase, even if these are
estimated with the same method.

When TrophLab values are compared with both
SIA methods, the SIA values are higher for 49 species,
the same for 6 species and lower than SCA values for 4
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species. In 10 cases, correcting the TP value of the
prey caused the SCA( value to be higher than the
SCAp value. The two SIA methods do not differ, but
the values obtained with SIAyc were always higher
than those obtained with SIAy. Considering this, it is
evident that the tree methods of determining TP fish
values do not yield similar results, and it is necessary
to carefully choose the best method.

The plot in Fig. 2 indicates that TrophLab results
underestimate TP values. SCA¢ values further support
this claim, as TP values increased when the TP values
of fish preys were known and could be replace the
default value given by TrophLab. In this work, we
only could replace values of fish that appeared as prey
items of other fish. However, the TP values of all
invertebrates were not be greatly modified. When a
diet was primarily contained fish, the TP SCAc value
was significantly higher than the SCAp value. In this
case, the TP SCA( values were generally similar to
those obtained with both SIA methods. The maximum
value yielded by TrophLab using default TROPH
values for all prey items is 4.5, a TP that corresponds to
top predators (Stergiou and Karpouzi 2002). Troph-
Lab assumes that all the prey items of a taxon have the
same TROPH value, which is not accurate. For
example, the default TROPH value for any fish is
3.5, but it is known that fish with larger TROPH values
can also be prey items of other fish species. This
occurs with other taxa as well; for example, the default
TROPH value of any gastropod is 2.37, a value that
was likely estimated according to the fact that these
organisms mainly feed on algae and detritus. Howev-
er, during the course of our study, carnivorous
gastropods from the family Muricidae were found in
the stomachs of other fish. These gastropods likely
have a TP greater than 2.37; if the trophic level of each
prey was known and replaced in TrophLab, the results
were likely be more similar.

Both SCA values were higher than the SIA values
in cornet fish, spade fish, barracuda and a snook. For
the two fish, the higher values might be attributed to
the fact that both species eat fish larvae that were not
possible to identify. TrophLab assigned a TP of 3.5, as
if the fish were large, resulting in overestimated
values. A similar scenario may have occurred with the
barracuda, the snook and the two flounders, which had
SCAC( values higher than the STA values. The diet of
these species consists of large quantities of fish.
Perhaps, SCAc values are overestimated.

When observing at the multimodal analyses and
different functional trophic groups, SCA seems to
oversimplify the trophic chain. The TP-SIA frequen-
cies tended toward the left, which is logical, consid-
ering that higher TP values were obtained by these
methods. Both methods showed five modes or groups
that could be translated into trophic levels. Thus,
according to the TP—SIA, this system has six trophic
levels when considering the primary consumers and
assuming that remaining fish and invertebrates are
included in these modes. For both SIA methods, the
pattern was similar, and the functional trophic groups
identified with SIMPER shift from hydroid-consum-
ing omnivores, and infaunal crustaceans in the lower
levels to mere carnivores in the top levels. Conversely,
the modes identified with all 3 TrophLab-base meth-
ods indicate that most of the fish species have TP
values around 3.6. The SCAp and FishBase values
show similar patterns. However, FishBase values
show a small left-shifted mode, because it includes
the mullet as an herbivore, whereas the SCAp, values
show a right-shifted mode, because the corrected
values were higher than the initial values. Nonethe-
less, the trophic structure based on TrophLab methods
is less complex than that observed with either SIA
method and did not include carnivores in its top
trophic positions. Further, we observed no a dietary
pattern, unlike in the functional trophic groups found
with both SIA methods, in which the fish with lower
TP values shifted from hydroids and infernal crus-
taceans to diets including fish larvae, fish and other
macrobenthos, to mere carnivores. We concluded that
stable isotope analysis yielded a more accurate
community structure than the SCA. This finding is of
importance because identified trophic groups that are
identified may serve as the basis for the maintenance
of trophic position balance in estuarine systems when
evaluating corresponding indicators (e.g., aggregate
annual removal from each trophic group) and refer-
ence points (e.g., maximum percentage removal from
each trophic group). If the groups are not accurately
estimated, proper management is not possible, as is the
case when the TP-SCA groups are used.

Each of these two methods has its advantages and
disadvantages (Polunin and Pinnegar 2000; Stergiou
and Polunin 2000). The SCA is easy to apply and
provides an instantaneous record of an animal’s food
type and quantity (Costa et al. 1992; Elliott and
Hemingway 2002). SCA also provides an initial view
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of the ichthyological trophic structure of the system by
describing the relationships between a fish species and
its prey. However, it relies on various assumptions
such as the proper identification and quantification of
all food items, must to take the differential digestion
rates of prey species into account (Polunin and
Pinnegar 2000; Stergiou and Polunin 2000). This
alone is a critical issue, as organism identification
proves difficult, such as gelatinous zooplankton and
detritus (Polunin and Pinnegar 2000), as well as highly
digestible invertebrates and fish. In addition, carni-
vores frequently have empty stomachs (e.g., Beyer
1998), and the SCA offers mere ‘snapshots’ of diet,
rendering impossible the identification of the origin of
the organic matter source (Pasquaud et al. 2007). Most
importantly, the TrophLab method makes oversimpli-
fied assumptions, such as the fact that all potential prey
in one taxon has similar TROPH values, when in fact,
prey TP values are often unknown (Pinnegar and
Polunin 1999, 2000; Polunin and Pinnegar 2000).
The SIA method has been proven useful in many
studies (Post et al. 2000; Vander Zanden et al. 1999).
But also have its advantages and disadvantages
(Polunin and Pinnegar 2000). With omnivorous fish,
SIA is preferable to SCA, as it provides an integrated
signal of what the fish has assimilated and positions
multiples species along each other. In addition, STA
uses energy transfer information to position species in
food webs. However, in environments including
estuaries, SIA does not allow precise identification
and quantification of complex mixtures of organic
matter at the base of fish food webs. Furthermore, SIA
does not proportionalize the prey items consumed,
which makes it difficult to establish trophic interac-
tions. In the Gulf of California, a system characterized
by productive and complex food webs (Vega-Cende-
jas and Arreguin-Sanchez 2001; Zetina-Rejon et al.
2003), as well as changing temporal and spatial
environmental conditions (Lankford 1977), there are a
large variety of autochthons and allochthonous organ-
ic carbon sources. The trophic contributions to mul-
tiple carbon sources in this ecosystem play a crucial
role in maintaining high biotic diversity and produc-
tivity, making it extremely important to quantify the
role of each carbon source in the nutrition supporting
food webs of these coastal ecosystems. In this regard,
the 8'C isotopic analyses provide information useful
for elucidating food origins and energy flow through
estuarine food webs—task that are not possible with

@ Springer

only SCA. For example, in this study, most fish had
8'3C values related to their potential food sources. The
pelagic species primarily related to phytoplankton,
and the bentho-pelagic and demersal species primarily
related to macrophyte detritus and benthic microalgae.

Previous studies have shown that the combined use
of stomach content analysis and nitrogen stable isotope
analysis can provide a detailed picture of the structure
of an estuarine fish food web. They have recommended
the use of both these methods to gain a better
understanding of estuarine systems (e.g., TrophLab:
Christensen and Pauly 1992; Pauly et al. 2000a; 5'°N
values: Kline and Pauly 1998; Polunin and Pinnegar
2000). Thus, a cross-validation using different meth-
odsis essential. However, our study has proven that use
of only SCA and TrophLab for estimating the fish TP
values is not adequate. We contend that TPgja,. that
combines both isotopes yields the most accurate
results, providing a common currency for large-scale,
cross-system comparisons of trophic structures and
energy flow in this ecosystem characterized by two
food web bases. It also consumes less time and money,
as diet can be adequately described by 500-1000
stomachs, depending on whether organisms are food
specialists or food generalists (Link and Almeida
2000). However, if stomach content studies are used to
estimate fish TP values, seasonal samples (rather than
circumstantial samples) must be collected to estimate
an overall feeding pattern. Further, it is necessary to
correct FishBase TP values of prey.
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