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a  b  s  t  r  a  c  t

One  method  with  considerable  potential  for understanding  fishing  and  environmental  impacts  on  fish
assemblages  is  size  spectra  (SS)  and  diversity  size  spectra  (DSS)  analysis—a  regression  of Ln  abundance
or Shannon  diversity  against  the  natural  logarithm  of  body  size  of fish  assemblages.  But the  usefulness
of  this  method  for application  to tropical  freshwater  fish assemblages  is  uncertain.  Here,  we  assessed
the  extent  to which  SS  and DSS  analyses  explained  changes  in  the  exploited  fish  assemblage  related  to
fishing  effort  and  river  droughts.  To do this,  we  used  correlation  analyses  on  historical  datasets  of  river
water  level,  fishing  effort,  and  fish  length  measurements  for 56 fish  species  in three  of  the  largest  rivers
of  the  Amazon  Basin.  In calculating  the SS  and  DSS  analysis  statistics,  we  found  that  linear  regressions
adjusted  well  to the  diversity  and  Ln(abundance)  data  plotted  against  Ln(fork  length).  In analysing  SS
and  DSS  statistics  in relation  to fishing  and  environmental  impacts,  we  found  that  the  slope  of SS was
ize spectra
iver

negatively  correlated  to drought  intensity  with  a lag  of  zero  years  in all rivers.  The  slope  of  SS  also  was
negatively  correlated  to  fishing  effort  with  a lag  of three  years  in  two  rivers  and  a lag  of two  years  in
one  year.  The  slope  of  DSS  was  not  correlated  to drought  intensity  and  fishing  effort  in  any  of  the  rivers.
Our  results  provide  support  for  the  use  of SS  analysis  to  investigate  fishing  and  environmental  effects  on
exploited  fish  assemblages  in  tropical  freshwater  environments.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

There is an increasing need to understand and mitigate the
mpacts of fishing on marine and freshwater ecosystems (Fogarty
nd Murawski, 1998; Jackson et al., 2001; Pauly et al., 2002). A
romising approach to the current fisheries crisis is ecosystem-
ased fisheries management (Pikitch et al., 2004), which is inspired
y recognition that maintaining healthy marine ecosystems is fun-
amental to the fisheries they support. Although of relatively recent
rigin, ecosystem approaches are becoming a routine part of fish-
ries assessment and management (Garcia and Cochrane, 2005;
egner and Dayton, 1999). New methods to identify anthropogenic

ffects on exploited fish assemblages and ecosystems are being
ested and developed.

∗ Corresponding author.
E-mail addresses: tchoni1@uol.com.br (N.N. Fabré), leandro@vt.edu (L. Castello),

iologiapesqueira@hotmail.com (V.J. Isaac), vandickbatista@gmail.com
V.S. Batista).

ttp://dx.doi.org/10.1016/j.fishres.2016.12.015
165-7836/© 2016 Elsevier B.V. All rights reserved.
Body size influences many ecological processes, from individual
rates up to the structure of food webs and the provision of ecosys-
tem services such as food (Blanchard, 2011). Given the importance
of body size of individuals, one approach with considerable poten-
tial for understanding fishing impacts on fish assemblages is size
spectra (SS) analysis: a regression of logarithmic abundance against
the logarithmic body size of fish assemblages. SS analysis is based
on the idea that the biomass and numbers of individuals of all
species in a system decrease log-linearly with increasing body
(Blackburn and Gaston, 1994, 1997, 1999; Pope and Knights, 1982).
The slope and intercept of SS can be compared over time or across
different conditions. Differences in slopes have been interpreted in
terms of differential mortality rates and trophic transfer efficien-
cies. For example, an increase in the slope of SS can be attributed to
an increase in the abundance of small-sized individuals relative to
larger individuals (Dulvy et al., 2004). Interpretations that changes
in fishing mortality cause changes in the slope and intercept of SS

are supported by fisheries simulations (Gislason and Rice, 1998),
data from the North Sea (Gislason and Rice, 1998) and a number of
regions globally (Bianchi et al., 2000).

dx.doi.org/10.1016/j.fishres.2016.12.015
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2016.12.015&domain=pdf
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ig. 1. The Central Amazon region, showing the city of Manaus (State of Amazonas
ivers  where the fishing fleet routinely works.

Another related but less tested method is Diversity Size Spectra
DSS) Analysis, which computes species diversity across different
ody sizes (Hutchinson and MacArthur, 1959). As in SSA, DSS analy-
is is based on the idea that typically there are few large individuals
ithin species and few large-bodied species (Rice and Gislason,

996). DSS analysis can be used to assess changes on the overall
omposition of sizes encompassed by different species in a system.

The SS and DSS of fish assemblages can be expected to respond
o fishing and environmental changes in direct and indirect ways
Daan et al., 2005; Piet and Jennings 2005). For example, the propor-
ionally greater removal of larger individuals, which is a common
ffect of fishing, is expected to lead to increases in the slope of
S while also causing compensatory effects on small fish, which
n turn may  lead to further increases in the slope of SS. The time
cales and mechanisms behind these responses remain unclear due
o the difficulty of understanding whole assemblage dynamics. For
nstance, lags of six to 12 years between fishing effort and the slope
f SS have been documented in the North Sea (Daan et al., 2005).
ne factor that can explain the lag of assemblage responses to fish-

ng or environmental changes is age of recruitment to the fishery.
nvironmental conditions during larval and juvenile stages typi-
ally have profound effects on the biomass and abundance of the
esulting cohorts growing to adult stages or recruiting to the fishery
Fuiman and Werner, 2002).

Despite its promise, the reliability and usefulness of SS and DSS
nalyses in freshwater ecosystems have not been tested, as to date
ll SS and DSS analyses have focused on marine ecosystems (Murry
nd Farrell, 2014). It is not clear if SS analysis works in tropical fish
ssemblages, particularly in regions where data are scarce (Bianchi
t al., 2000; Murry and Farrell, 2014). An analysis of SS of trop-
cal demersal fish assemblages across different latitudes showed
onsistent responses to differences in ecosystem productivity and
xploitation levels (Bianchi et al., 2000). But that study found non-
onclusive results as to the extent to which the slope of SS reflects
hanges in exploitation levels of tropical fish assemblages facing
nvironmental noise.
Here, we applied SS and DSS analyses to a comprehensive
ataset on the fish assemblage exploited by fisheries in the Ama-
on Basin in order to address the following research questions: Do
iver droughts (i.e. low water levels) and fishing effort influence
il)where fishery-landing data were collected, and the Amazon, Madeira, and Purus

the SS of the fish assemblage? Do river droughts and fishing effort
influence the DSS of the fish assemblage? And, what is the lag of
possible drought and fishing effort effects on the SS and DSS of the
fish assemblage?

2. Methods

We  applied SS and DSS analyses to an 11-year dataset of multi-
gear, multispecies fish catches in three of the largest rivers of
the Amazon Basin. The data were based on landings recorded in
Manaus, Brazil, totalling 58,047 fishing trips and 299,857 length
measurements of 56 different fish species or taxonomic groups.
The slopes of annual SS and DSS were assessed by means of cor-
relation analyses in relation to annual indices of fishing effort and
river drought conditions.

2.1. Study area, fishes, and fisheries

The study area comprised the Madeira, Purus, and Amazon
(which here includes the Solimões) Rivers (Fig. 1). The ecosystem
in these rivers is the várzea river-floodplain − a complex mosaic
of seasonally inundated rain forests, lakes, and winding channels
formed by the seasonal and predictable flooding of river waters
stemming from the Andes Mountains (Irion et al., 1997). On aver-
age, river water levels begin to rise around December, reaching
their maximum level around June, at which time they begin to drop,
reaching their lowest level in October. Average seasonal water level
variation in the study area during the study period was  12 m.

Many Amazonian fishes have evolved seasonal migratory strate-
gies to exploit resources in the floodplains that are not available to
them in river channels (Fernandes, 1997; Hermann et al., 2016;
Winemiller and Jepsen, 1998). Many fish species migrate to the
floodplains when water levels overflow river channels and flood
adjacent floodplains, where they feed on abundant plant-based
food resources and find protection from predators (Castello, 2008;
Goulding, 1980). The decline of water levels forces fishes to migrate

out of the floodplains back to river channels and floodplain lakes,
where fishes are more vulnerable to natural predators and fishing
gear (Nolan et al., 2009; Welcomme, 1985). Natural mortality in
floodplain lakes during low water levels (i.e. dry season) is gener-
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Table  1
Statistics of linear regressions of loge abundance against the loge body size of fish assemblages by year and river, including the standard error of slope (s.e.b) and intercept
(s.e.a).

River Year b s.e.b. a s.e.a. F p-value R2

Amazon 1994 −3.72 0.69 18.60 2.89 28.89 0.0007 0.78
1995  −5.78 0.76 28.19 3.17 57.79 0.0001 0.88
1996  −3.88 0.51 21.52 2.12 58.26 0.0001 0.88
1997  −6.94 1.06 32.93 4.43 42.85 0.0002 0.84
1998  −6.01 1.02 29.93 4.27 34.47 0.0004 0.81
1999  −6.65 0.82 31.47 3.43 65.46 0.0000 0.89
2000  −6.09 0.91 28.68 3.79 45.05 0.0002 0.85
2001  −5.93 0.72 27.34 3.00 68.02 0.0000 0.89
2002  −5.41 0.62 25.04 2.60 75.40 0.0000 0.90
2003  −4.57 0.86 23.16 3.57 28.47 0.0007 0.78
2004  −5.87 0.56 27.94 2.36 108.22 0.0000 0.93

Madeira 1994 −3.86 0.59 19.38 2.45 43.47 0.0002 0.84
1995  −5.18 0.73 24.69 3.05 50.34 0.0001 0.86
1996  −5.77 0.52 27.33 2.17 123.69 0.0000 0.94
1997  −5.95 0.38 27.80 1.60 240.45 0.0000 0.97
1998  −5.14 0.67 24.62 2.81 58.13 0.0001 0.88
1999  −5.40 0.44 25.73 1.83 151.41 0.0000 0.95
2000  −4.80 1.09 21.34 4.56 19.30 0.0023 0.71
2001  −5.10 0.73 22.96 3.04 49.02 0.0001 0.86
2002  −3.97 1.01 17.64 4.22 15.43 0.0044 0.66
2003  −3.04 0.55 13.87 2.29 30.69 0.0005 0.79
2004  −4.49 0.30 21.19 1.26 30.69 0.0005 0.79

Purus  1994 −3.73 0.32 18.41 1.32 138.34 0.0000 0.95
1995  −5.50 0.85 26.76 3.53 42.25 0.0002 0.84
1996  −6.06 0.75 29.17 3.12 65.69 0.0000 0.89
1997  −6.44 0.93 31.32 3.86 48.42 0.0001 0.86
1998  −5.94 1.10 30.33 4.60 29.07 0.0007 0.78
1999  −5.43 0.84 27.84 3.52 41.48 0.0002 0.84
2000  −4.93 0.83 25.23 3.47 35.08 0.0004 0.81
2001  −6.16 0.76 28.94 3.17 65.85 0.0000 0.89
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2002  −5.30 0.62 

2003  −3.72 0.85 

2004  −4.58 0.68 

lly high and mainly attributable to decreased water quality (e.g.
noxia) an increased predation (Welcomme, 1979).

Fish assemblages in the Central Amazon region comprise three
ain groups: 1) resident species, such as Colossoma macropo-
um, that spend their entire life-cycles in floodplain habitats;

) migratory characiforms, in particular Semaprochilodus insignis,
rochilodus nigricans, S, taeniurus, Myleidae, that seasonally migrate
o the floodplains during high water levels, but which also conduct
ongitudinal migrations along river channels, and; 3) migratory Sil-
riforms, including Brachyplatystoma spp., that exclusively migrate
long river channels, though their juveniles often inhabit floodplain
akes (Barthem and Fabré, 2004).

The fish assemblage analysed here was exploited by the Manaus
shing fleet, which is composed of about 2500 boats (Batista et al.,
004). Median (1st–3th quartile) boat length is 14.0 m (12.0–16.0).
hey are typically operated by 8–12 fishers in fishing trips to a
ide range of locations lasting between 10 and 28 days (Batista

nd Petrere, 2007). The main gears used are seines and gill nets,
lthough other gears also are used, including line and long-line
Batista et al., 2004). The catch was dominated by characiform taxa
Appendix A).

.2. Data sources and processing

Data on fish length and fishing effort were derived from the sys-
ematic sampling of fishing trips that arrived in Manaus between
994 and 2004. Fishing effort was standardized in terms of num-
er of fishers and days spent fishing (not including travel time) for

ach year (fisher*days). Fish fork length in millimetres was  taken on
easurements of a minimum of 30 individuals of each species a day.

he resulting number of fishing trips and fish length measurements
as 122,572 for the Amazon River, 140,185 for the Purus River,
 2.60 72.24 0.0000 0.90
 3.53 19.30 0.0023 0.71
 2.83 45.67 0.0001 0.85

and 37,100 for the Madeira. A total of 56 fish species was included,
though 28 species comprised 99% of the measured specimens.

The reliability of the foregoing SS and DSS analyses of fisheries
data depends on the constancy over time of the proportional con-
tribution of different gears. The log likelihood ratio statistic (G)
indicated that no effect was  observed in the proportional contri-
bution of different gears over time (p > 0.05). Also, the reliability of
the foregoing analyses depends on the assumption that fish catches
landed in Manaus accurately represent fish catches. Previous stud-
ies indicated that discards negligible in the study area (Batista and
Barbosa, 2008; Batista and Freitas, 2003), allowing to us to consider
the landing data as representative fish catches.

SS statistics were calculated for each river and year by plotting
the natural logarithm of the numbers of individuals (in 10-cm fork
classes) against the natural logarithm of the mid-length in the same
group. The smaller fish sizes, which were not fully recruited to the
fishery, i.e., fork length <20 cm,  were excluded to avoid a curva-
ture bias in the spectrum size (Shin et al., 2005). DSS statistics
were calculated by plotting an index of species diversity against
the mid-length of each 10-cm class. Diversity was measured by the
Shannon-Wiener index (Magurran, 1988), which combines data on
species richness and numbers of individuals per taxon. For each SS
and DSS analysis, the slopes of the linear regressions were esti-
mated based on the least squares method. The homogeneity of
variances was evaluated by inspection of the distribution of the
residuals versus predicted values and by computing the residuals
normality using Shapiro-Wilk test.

Daily data on river water levels were obtained from publicly

available historical records (www.ana.gov.br). River water level
data at Manaus was  used to calculate an index of drought inten-
sity for all rivers. Manaus provides the most representative water
level estimates for our study area given that most fishing sites were

http://www.ana.gov.br
http://www.ana.gov.br
http://www.ana.gov.br
http://www.ana.gov.br
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he historical average and the minimum water level observed in a
iven year.
ex” in the Amazon (a), Madeira (b), and Purus (c) Rivers generating negative trends.

2.3. Data analysis

We  addressed our research questions using two-tailed corre-

lation analyses in each of the three rivers to test for possible
correlations between the slope of SS and DSS in a given year and
fishing effort and drought intensity zero, one, two, and three years
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Table  2
Correlation analyses among size spectra (SS), diversity size spectra (DSS), drought intensity, and fishing effort in the Amazon, Madeira and Purus rivers.

Variables River Lag (year) r t df p-value

SS vs drought intensity Madeira 0 −0.784 3.794 9 0.002
1  0.110 0.037 9 0.486
2  −0.374 1.210 9 0.128
3  −0.146 0.413 9 0.345

Amazon 0 −0.664 2.667 9 0.013
1  −0.004 0.013 9 0.495
2  −0.516 2.000 9 0.056
3  −0.090 0.271 9 0.396

Purus 0 −0.679 2.777 9 0.011
1  −0.268 0.836 9 0.212
2  0.056 0.170 9 0.434
3  0.107 0.325 9 0.376

SS  vs effort Madeira 0 0.046 0.138 9 0.447
1  −0.152 0.435 8 0.338
2  −0.412 1.195 7 0.135
3  −0.708 2.456 6 0.025

Amazon 0 0.546 1.953 9 0.061
1  0.326 0.977 8 0.179
2  0.067 0.178 7 0.432
3  −0.637 2.025 6 0.045

Purus 0 0.416 1.371 9 0.102
1  −0.171 0.491 8 0.318
2  −0.763 3.126 7 0.008
3  −0.515 1.471 6 0.095

Variables River Lag (year) r t df p-value
DSS  vs drought intensity Madeira 0 −0.490 −1.694 9 0.126

1  −0.085 −0.256 9 0.803
2  0.352 1.130 9 0.288
3  0.025 0.075 9 0.941

Amazon 0 −0.307 −0.970 9 0.357
1  −0.099 −0.298 9 0.771
2  0.009 0.028 9 0.977
3  −0.163 0.498 9 0.630

Purus 0 −0.332 −1.024 9 0.333
1  −0.149 −0.452 9 0.662
2  0.301 0.948 9 0.368
3  0.080 0.257 9 0.802

DSS  vs effort Madeira 0 0.248 0.768 9 0.462
1  0.434 1.362 8 0.212
2  0.568 1.829 7 0.113
3  0.183 0.456 6 0.664

Amazon 0 0.616 2.350 9 0.065
1  0.455 1.447 8 0.187
2  0.036 −0.096 7 0.925
3  −0.241 −0.610 6 0.564

Purus 0 0.465 1.577 9 0.151
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efore. These zero to three year lags were chosen based on previ-
us studies in the Amazon showing that the average age-at-catch
f dominant taxa is between two and three years, and that hydro-

ogical effects on fish catches take about two and years to take place
Castello et al., 2015; Isaac et al., 2016). All analyses were performed
sing R (R Core Team, 2013).

. Results

Linear regressions adjusted well to the diversity and
n(abundance) data plotted against Ln(fork length). In all cases,
oefficients of determination were high (r2 > 0.7), the intercept
nd slope parameters for both SS and DSS were statistically
ifferent from zero (p < 0.01; Table 1), and residuals were normally
istributed.
Drought intensity was negatively correlated to the slope of
S with a lag of zero years in all rivers (Fig. 2). In the Ama-
on River, there also was a mildly significant (p = 0.056) negative
orrelation between the slope of SS and drought intensity with
0.177 0.507 8 0.624
−0.354 −1.004 7 0.349
−0.492 −1.385 6 0.218

a lag of two  years (Table 2). Such drought effects appeared
to occur via decreases in the abundance of larger individuals
(i.e. fork length > 80 cm) and proportional increases in the abun-
dance of smaller individuals (i.e. fork length ∼ 20–30 cm;  Fig. 3).
The larger species included Psedoplatystoma tigrinum and Soru-
bimichthys planiceps, and the smaller species included Prochilodus
nigricans, Brycon amazonicus, Plagioscion spp., and Hypophthalmus
spp. (Fig. 4).

Fishing effort was  correlated to the slope of SS in all rivers, but
the lag and direction of correlations varied depending on the river
(Table 2). The slope of SS was negatively correlated to fishing effort
in the Madeira and Amazon rivers with a lag of three years, but
in the Purus River it was  negatively correlated with a lag of two
years (Table 2). Because effort in any given year could potentially
vary in relation to drought conditions (e.g., extreme drought pre-

venting fishing) or fish abundance (e.g., fishers increasing effort
in “good” years), we assessed possible correlations between effort
and drought intensity. Fishing effort and drought intensity were not
correlated in any of the rivers regardless of the lag (p > 0.1). Drought
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Fig. 3. Size spectra (SS) for four years in Amazon River (a), Madeira River (b) and
P
d
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urus River (c). Different slopes for different years indicate the different effects of
rought on the size structure of the assemblage. SS slope for year 1996 is denoted
y  b96, SS slope for year 1997 is denoted by b97, and so on.

ntensity and fishing effort were not correlated to the slope DSS in
ny of the rivers (Table 2).

. Discussion

Fish assemblage data derived from Amazonian fishing activities
tted well to linear regressions of size and diversity data, and the

lopes of SS were sensitive to an index of drought intensity. This
as so even though the fishery data analysed here is multispecies

nd multigear, including 56 fish species or taxonomic groups and
 range of gears. Contrary to previous suggestions that tropical fish
rch 188 (2017) 157–165

assemblages may  not be suitable for SS analysis because of their
high diversity of species and fast body growth (Bianchi et al., 2000),
our results suggest that SS analysis can be applied to fishing data
to detect population changes in tropical freshwater ecosystems.

The correlations found here between the slope of SS and min-
imum water levels with a lag of zero years indicate that drought
conditions in a given year influence the size structure of Amazo-
nian freshwater fish assemblages in the same year. This finding is
consistent with theoretical expectations that extreme low water
events cause high mortality rates among aquatic fauna in streams,
rivers, and other types of freshwater ecosystems (Matthews and
Marsh-Matthews, 2003). Habitat shrinkages increase fish densities,
thereby intensifying biotic interactions such as predation and com-
petition for resources (Matthews, 1998; Schlosser et al., 2000; Zaret
and Rand, 1971). Habitat shrinkages, together with high tempera-
tures, usually decreases water quality in terms of oxygen, pH, and
nutrient content, causing fish to enter torpor or even die (Magoulick
and Kobza, 2003; et al., 2003Matthews and Marsh-Matthews, 2003;
Tramer, 1977). This occurs in tropical freshwater environments
even though many tropical fish possess physiological adaptations
to tolerate poor water quality (Lowe-McConnell, 1987). Drought
intensity was also found to exert the strongest hydrological influ-
ence on multispecies fisheries yields in the Central (e.g. Freitas
et al., 2012; Mérona and Gascuel 1993) and Lower Amazon regions
(Castello et al., 2011a,b; Isaac et al., n.d.). Such documented impacts
were also consistent with estimates of natural mortality caused by
(normal) seasonal low waters as recorded in the Kafue River, in
Zambia, where high water fish biomass decreased by 40% during
the subsequent low water season (Lagler et al., 1971). Highly sea-
sonal environments favouring increased proportions of small sized
species and individuals were also found to occur elsewhere (Wel-
comme  and Merona, 1988), Oceania (Chessman, 2013) and Asia
(Hogan, 2011).

The negative correlation between the slope of SS and drought
intensity with a lag of two  years that was  mildly significant in the
Amazon River (Table 2) also is consistent with previous studies.
Two and year lags have been found between high and low river
waters and fish catches in the Lower Amazon region (Castello et al.,
2015; Isaac et al., 2016). Such lags have been shown to correspond
to the average age-at-catch of the dominant taxa (Isaac et al., 2016).
Because the taxa in our study area is expected to have the same age-
at-catch, the negative correlation found here in the Amazon River
could potentially be explained by the adverse effects of low water
levels on the survival of fish during their juvenile stages.

The negative correlation between the slope of SS and fishing
effort with two  and year lags could be due to the birth-recruitment
delay caused by fishing mortality over fish populations (Bence and
Nisbet, 1989; Caley et al., 1996). An effect of fishing effort in terms
of reducing the proportion of larger-sized fishes could be expected
to have delayed effects on the fish assemblage after the time it
takes for the offspring to be recruited to the fishery (Bianchi et al.,
2000; Gislason and Lassen, 1997; Law et al., 2012). As mentioned
above, previous studies have found two  and year lags between high
and low waters and fish catches in the Lower Amazon region. High
slopes of SS could denote fishing effects over large (60–90 cm FL)
fishes such as Pimelodidae and the Osteoglossum bicirrhosum, which
generally possess low rates of population growth (Barthem and
Fabré, 2004).

The general lack of correlations between the slope DSS and
drought intensity or fishing effort is difficult to explain. On one
hand, it could indicate that DSS may  not be reliable to assess envi-
ronmental effects on species diversity across different body sizes in

tropical multispecies fisheries. One the other hand, environments
with high fish diversity generate highly diverse multispecies land-
ings (Welcomme  et al., 2010) as is the Amazon case (Batista and
Petrere, 2003; Batista et al., 2014; Castello et al., 2013a, 2013b). In
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ncreases with decreasing abundance (though catches as denoted by abundance we

ur data, many taxa are referred to only via common names that,
n fact, often encompass several species. So, taxonomic uncertainty
f recorded taxa, even large sized fishes (e.g. Pseudoplatystoma;
uitrago-Suarez and Burr, 2007), could explain the lack of correla-
ions between the slope DSS and droughts or fishing effort. Though
ot encouraging, these results are in line with a previous study
Gislason and Rice, 1998) that also did not find correlations between
he slope of DSS and fishing effort.

These findings imply that future expected increases in the fre-
uency and intensity of droughts in the Amazon (Castello and
acedo, 2016) will adversely affect Amazonian fish assemblages

nd associated fisheries. The results herein indicate that such
tronger and more frequent drought events will influence not only
sh biomass as indicated by previous studies (Castello et al., 2015;
saac et al., 2016), but also the relative fisheries yield of fish species
f different sizes. Such relative changes in the body sizes of var-

ous taxa may  have the potential to affect trophic dynamics and
ssociated ecosystem functions. Given that Amazonians possess
s comprising 99% of fish catches in weight to illustrate how fork length generally
evenly distributed across taxa), leading to the overall patterns shown in Fig. 2.

high rates of per capita fish consumption, there is a need to pre-
vent further river hydrological alterations and develop adaptation
strategies to minimize associated impacts on income and food secu-
rity.
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Table A1



164 N.N. Fabré et al. / Fisheries Research 188 (2017) 157–165

Table A1
Species or taxonomic groups recognized in fishery landings at Manaus city with their common names, number of fish fork lengths (FL) measured, average FL, and standard
deviation (s.d.) of FL.

Specie or taxonomic grups Common name n FL (cm) s.d.

Semaprochilodus insignis jaraqui-grossa 50443 21.3 3.1
Mylossoma duriventre pacu-comum 39457 19.0 2.9
Prochilodus nigricans curimatá 36512 28.3 4.5
Cichla spp. tucunaré 29965 28.4 6.3
Semaprochilodus taeniurus jaraqui-fina 21899 20.3 3.1
Osteoglossum bicirrhosum aruanã 21222 57.4 7.7
Brycon amazonicus matrinxã 16700 32.4 4.7
Triportheus spp. sardinhas 15767 19.7 2.7
Colossoma macropomum tambaqui 14246 46.8 10.5
Plagioscion spp. pescada 10086 28.3 6.5
Piaractus brachypomus pirapitinga 6680 36.4 6.3
Anostomidae aracus 6146 25.1 4.6
Astronotus ocellatus; A. crassipinis carau-açu 4550 19.8 4.0
Pseudoplatystoma tigrinum caparari 4126 60.1 12.3
Pseudoplatystoma fasciatum surubim 3722 59.9 14.0
Semaprochilodus spp. jaraquis 3246 23.1 2.0
Curimatidae branquinha 2499 18.9 3.0
Oxydoras niger cuiu-cuiu 2418 48.7 8.6
Cichlidae cará 1856 19.4 3.6
Serrasalmidae pacu-galo 867 20.9 4.9
Sorubimichthys planiceps surubim sp 775 77.4 14.2
Hypophthalmus spp. mapará 537 33.5 7.8
Potamorhina altamazonica branquinha-cabeç a-lisa 508 18.3 4.1
Pygocentrus nattereri piranha-caju 471 22.4 2.6
Brycon cephalus jatuarana 442 21.8 3.0
Hoplias malabaricus traíra 418 28.3 6.9
Anodus sp;  Hemiodus spp cubiu 409 20.6 4.1
Cynodon gibbus saranha 407 18.2 1.9
Leporinus spp aracu-cabeça-gorda 404 26.8 3.2
Triportheus angulatus sardinha-papuda 375 16.3 1.9
Serrasalmidae piranhas 320 17.9 5.4
Triportheus elongatus sardinha-cumprida 254 20.4 1.6
Heros  efasciatus cará-preto 226 19.7 2.7
Brachyplatystoma rousseauxii dourada 217 68.6 12.8
Chaetobranchopsis orbicularis cará-branco 191 16.3 2.3
Hoplosternum litorale tamoatá 145 11.3 1.9
Brachyplatystoma filamentosum filhote 140 65.7 10.6
Caquetaia spectabilis cará-rosado 120 18.3 3.7
Phractocephalus hemiliopterus pirarara 118 67.3 14.4
Calophysus macropterus piracatinga 108 42.9 2.4
Sorubimichthys planiceps peixe-lenha 94 58.8 11.7
Brachyplatystoma vaillantii piramutaba 88 47.1 11.7
Serrasalmus rhombeus piranha-preta 78 28.6 4.8
Psectrogaster amazonica branquinha-cascuda 63 18.2 1.7
Rhaphiodon spp.; Acestrorhynchus spp peixe-cachorro 59 37.7 7.8
Schizodon fasciatus; Anostomoides laticeps aracu-piau 56 15.9 1.7
Triportheus spp. sardinha-chata 56 18.3 1.6
Leporinus spp; Schizodon spp aracu-comum 48 19.0 1.7
Cichla temensis tucunaré-aç u 48 26.6 2.4
Triportheus albus sardinha-comum 47 18.5 1.8
Liposarcus pardalis bodó 46 23.2 4.4
Rhamdia spp.; Leiarus marmoratus jandiá 42 60.0 14.1
Pellona flavipinnis apapá-branco 26 43.8 1.5
Zungaro zungaro jaú 22 62.0 13.5

R

B

B

B

B

B

Chalceus spp. arari 

Myleus schomburgkii pacu-jumento 
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