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A B S T R A C T   

Coral reef fisheries are important as they support the economy, livelihoods, and food security of millions of 
people worldwide. However, reef fisheries are widely overfished, impacting the abundance and size structure of 
highly biodiverse fish assemblages. Here, we assessed the effects of fishing on the size structure of exploited coral 
reef fishes using size spectra analysis, a method that informs about fishing mortality and ecosystem productivity. 
We used data from over 500 landing site interviews with hook and line fishers in Northeastern Brazil. The data 
included 18 fishing grounds (i.e., fringing reefs), fishing effort (fishers/km2) of a widely used gear (hooks and 
line), and 3690 measurements of exploited fish body size. We fitted linear regressions to body size estimates in 
the catch of each fishing ground to estimate the slopes of the size spectra and tested for a possible effect of fishing 
effort on those slopes. We found that fishing effort associated with hook and line negatively affected the slopes of 
size spectra (p = 0.04; R2 

= 0.22). This likely occurred because hook and line generally selects for the largest 
individuals in the assemblage, so that, as expected, higher levels of fishing effort were associated with smaller 
size of the exploited fishes. Given body size is usually proportional to trophic level in reef fishes, our finding 
suggests fishing may be disproportionately affecting predators in the study area. Our study provides the first 
documentation of fishing impacts on the size structure of coral reef fishes exploited by a predominant gear type 
in Northeastern Brazil, establishing a baseline for future monitoring of fishing impacts and contributing to the 
development of sustainable fisheries management strategies.   

1. Introduction 

Around the world, many coral reefs fisheries are overfished (Roberts 
et al., 2005; Abesamis et al., 2014). Prior studies have shown that fishing 
typically induces declines in the size structure of exploited fish assem-
blages (e.g., Graham et al., 2005; Wilson et al., 2010; MacNeil et al., 
2015). This often occurs as overfished large-bodied species (i.e., 
K-strategists) whose populations typically have low tolerance to fishing 
mortality are replaced with smaller-bodied species, which are more 
productive (i.e., r-strategists) and generally can sustain higher levels of 
fishing mortality (Robinson et al., 2017). Such fishing-induced changes 
in the size structure of exploited fish assemblages can affect food and 
income security, and the structure and function of whole coral reef food 
webs (Graham et al., 2005; Zgliczynski and Sandin, 2017). 

The need to understand the ecosystem effects of fishing spurred the 
development of new research methods (Graham et al., 2005; Petchey 
and Belgrano, 2010). A method of growing interest, called size spectra 

analysis, can assess the effects of fishing on the size structure of 
exploited fish assemblages, given that the body size of organisms affects 
many ecological processes, from the individual to the community level 
(Petchey and Belgrano, 2010). Size spectra analysis relies on the widely 
held notion that the biomass of individuals of all species decrease 
log-linearly with increasing body size (Petchey and Belgrano, 2010). 
Size spectra analysis involves fitting a linear regression to such data (i.e., 
body size on the independent axis and abundance or biomass data on the 
dependent axis). The slope of the fitted regression informs about the 
mortality rates of the organisms, and the intercept informs about rates of 
ecosystem productivity (Rice and Gislason, 1996; Daan et al., 2005; 
Mehner et al., 2018). Because the regression slope of size spectra anal-
ysis is believed to be proportional to mortality rates, it can be used to 
characterize the effects of fishing on the size structure of fish assem-
blages (Dulvy et al., 2004; Petchey and Belgrano, 2010; Hatton et al., 
2021). 

Size spectra is increasingly used in fisheries assessments in marine 

* Corresponding author. 
E-mail address: fmc@vt.edu (F.M. Carvalho).   

1 Madeline Wood and Felipe Carvalho have contributed equally to this work.  
2 Present address: 220 Ag-Quad Ln, Suite 441, Blacksburg, VA, 24061 

Contents lists available at ScienceDirect 

Fisheries Research 

journal homepage: www.elsevier.com/locate/fishres 

https://doi.org/10.1016/j.fishres.2024.107029 
Received 24 April 2023; Received in revised form 4 April 2024; Accepted 11 April 2024   

mailto:fmc@vt.edu
www.sciencedirect.com/science/journal/01657836
https://www.elsevier.com/locate/fishres
https://doi.org/10.1016/j.fishres.2024.107029
https://doi.org/10.1016/j.fishres.2024.107029
https://doi.org/10.1016/j.fishres.2024.107029


Fisheries Research 275 (2024) 107029

2

and freshwater ecosystems (Graham et al., 2005; Petchey and Belgrano, 
2010; Wilson et al., 2010). However, no size spectra analysis has been 
used to characterize the effects of coral reef fisheries in the Atlantic. 
Furthermore, no size spectra analysis in coral reefs has used 
fisheries-dependent data, as most have used underwater visual census 
data (Graham et al., 2005; Stuart-Smith et al., 2008; Robinson et al., 
2017). While underwater visual census data can be used to reliably 
assess most of the fish assemblage, visual census data is rarely available 
particularly in developing nations, which typically have ill-equipped 
institutions to collect field data (Edgar et al., 2004). 
Fisheries-dependent data offers an alternative and potentially useful 
source of information that is more often available than visual census 
data and that has been successfully applied in size spectra analysis in 
other ecosystems (Fabré et al., 2017; Leitão, 2019). 

Here we used fisheries-dependent data and size spectra analysis to 
assess the effects of fishing on the size structure of exploited coral reef 
fishes in Brazil, in the southwest Atlantic Ocean. We predicted that the 
size structure of exploited coral reef fishes, as denoted by harvested 
specimens, would decrease with increasing fishing effort. Our analysis is 
timely as coral reef fisheries in Brazil remain poorly studied (Costa et al., 
2002; Pinheiro et al., 2018; de Araújo et al., 2020), have a long history of 
exploration, and are lacking conservation action (Carvalho et al., 2021). 

2. Methods 

2.1. Study area 

We studied fishing effects on the exploited portion of the coral reef 
fish assemblage within the Environmental Protected Area “Costa dos 
Corais” (Coast of Corals, EPACC), which covers 406,085 ha and includes 

three coral reef lines parallel to shore, encompassing 12 municipalities 
(Rudorff and Gherardi, 2008; Benevides et al., 2017; Fig. 1). The inner 
reef line is composed of beach rock, the second line contains calcareous 
algae, and the outer line is made primarily of zoanthids (Rudorff and 
Gherardi, 2008). These reefs harbor at least 185 known fish species, of 
which about 100 are caught by local fishers (Ferreira and Cava, 2001). 
Fishing is allowed in most of the reserve. With few fishing regulations 
and deficient rule enforcement, there is a growing concern for the sus-
tainability of fishing. Some 8400 fishers live in 12 municipalities 
adjoining the reserve, and for them fishing represents a key source of 
income and animal protein (Floeter et al., 2006; Araújo and Bernard, 
2016). The primary fishing gears used are hook and line, corrals, 
speargun, hook for octopus, seine net, beach seine, cast net and gillnets 
in general including a type of gillnet designed to select for lobsters 
(Ferreira and Cava, 2001). 

2.2. Data collection 

We collected data from 18 distinct fringing reefs, which we here refer 
to as ’fishing grounds’ (Fig. 1). Trained field assistants visited each 
fishing ground between four and six times a month, collecting 396 
landing site interviews with the fishers from August 2018 to September 
2019. The data captured weekly and seasonal variations in catch, effort, 
and fish size because of lunar, tidal, and seasonal cycles. Interviews were 
done when fishers were exiting the water, at which time the assistants 
explained the nature of the research and asked for the consent to 
interview them. Consenting fishers were asked about the species they 
caught and Total Length (TL) measurements were taken of their catch. In 
total, 3690 fish specimens were measured to the nearest mm. To mea-
sure fishing effort, field assistants used binoculars to identify the gear 

Fig. 1. The study area within the largest Environmental Protected Area “Costa dos Corais” (Coast of Corals) in Brazil, encompassing about 406,085 ha, as indicated 
by the outlined area within the left map. Within the Coast of Corals, there are 12 municipalities. Each smaller outlined area within the larger outlined area, represents 
one of the 18 fishing grounds in our study located along the northeastern coast of Brazil in the Atlantic Ocean. The right map panel shows a detailed and zoomed in 
area of three of the fishing grounds (top to bottom: Quintas, Araca and Carapitanga) with the circular dot markings denoting landing sites within the fishing grounds. 
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type and count the number of fishers in each fishing ground. To estimate 
fishing effort, we also measured reef area using satellite imaging from 
Google Earth Pro. Our analysis focused on shallow reef areas closer to 
the shore, which are predominantly exploited by local fishers. Landing 
site interview form used is presented in the Supplementary Material. 

To minimize variability in the data, we considered data stemming 
only from hook and line, which was the most used gear type and was 
consistently used across all 18 fishing grounds. Hook and line caught 56 
species but was highly selective towards four species (Sparisoma axillare, 
Holocentrus adscensionis, Epinephelus adscensionis and Haemulon auroli-
neatum), which comprised >70% of all specimens. Our choice to focus 
on this gear was also due to most species targeted by hook and line 
having small home ranges, which increased the likelihood that our 
analysis could detect (local) fishing effects on size structure. More mo-
bile species would be expected to spatially "disperse" local fishing ef-
fects, making it harder to detect them. 

We note that our size-spectra analysis based on hook and line fishing 
data does not assume that the size data are descriptive of the whole fish 
assemblage as in other studies based on less selective sampling methods 
(Bianchi et al., 2000). Rather, our analysis makes two assumptions: (i) 
the data is roughly representative of the small portion of the assemblage 
that is selected by hook and line, and (ii) that representativity is 
(roughly) the same across the fishing grounds analyzed. The second 
assumption is supported by the characteristics of hook and line fishing, 
which exhibited no discernable variability across the fishing grounds, 
helping eliminate possible biases of gear selectivity in our analyses. 
Ninety-three and a half percent of the fishers used small hooks and 6.5% 
used medium size hooks. Our methods align with other studies that have 
successfully used fisheries-dependent data for size-spectra analysis (Rice 
and Gislason, 1996; Fabré et al., 2017; Leitão, 2019). 

2.3. Data analysis 

We assessed the effect of fishing on the exploited portion of the coral 
reef fish assemblage (i.e., exploited fishes) using the data on fishing 
effort and fish body size. We estimated fishing effort in each fishing 
ground by calculating the median density of fishers (i.e., number of 
fishers divided by area of reef area in km2) for all survey days during the 
13 month-period. To estimate size spectra descriptors of fish assemblage 
size structure for each of the 18 fishing grounds, we inspected the body 
size data and set bin size class at 15 mm and the lower and upper size 
limits at 141 and 320 mm (Fig. 2). We log-transformed each size class as 
well as the abundance of individuals per size class using log10 (x+1; 
following Edwards et al., 2017). For each fishing ground, we fitted linear 
regressions that modeled logarithmic abundance as a function of size. 
Finally, we assessed whether fishing affected the size structure of the 
exploited coral reef fishes by fitting a linear regression with the slopes of 
the size spectra for each fishing ground as the response and fishing effort 
for the same fishing grounds as the predictor variable. 

Because size spectra analysis informs on assemblage-, not species- 
level, effects, we complemented our main analysis with an assessment 
of whether and how fishing affected the body size of each of the most 
abundant species. We separated the body size data per fishing ground for 
each of the eight most abundant species (Alphestes afer, Cephalopholis 
fulva, Epinephelus adscensionis, Haemulon aurolineatum, Haemulon squa-
mipinna, Halichoeres sp., Holocentrus adscensionis, and Sparisoma axil-
lare). For each species, we fitted linear regressions with average TL for 
each fishing ground as the response and fishing effort for the fishing 
grounds as the predictor. All data analyses were performed using R 
Studio (R Core Team, 2017) and Microsoft Excel, with a significance 
level of 5%. 

Finally, we investigated whether potential shifts in species compo-
sition occurred across our gradient of fishing effort by analyzing the 
catch data for the eight most harvested species. We plotted fishing 
grounds over a gradient of fishing effort and assessed the percent 
contribution of each species to the total catch in kilograms (Fig. 1S, 

Supplementary Material). 

3. Results 

3.1. Assemblage size spectra analysis 

We found that fishing effort decreased the body size of exploited 
fishes, as indicated by the fish catch data. The slopes of size spectra were 
negatively related to fishing effort (p-value = 0.045; b = − 0.1524;  
Fig. 3). This pattern was held across a wide span of variation on fishing 
effort and size spectra. Fishing effort varied by one order of magnitude 
across all fishing grounds (Fig. 4), while the slopes of size spectra varied 
by a factor of two (Fig. 3). The coefficient of determination (R2 = 0.22) 

Fig. 2. Scatter plot showing an example of size spectra analysis, where abun-
dance was modeled as a function of size class for one fishing ground. For all 
fishing grounds, the abundance of individuals in each size class was trans-
formed using log10 (x+1) and plotted against the log of the total length of 
individuals per size class (mm). 

Fig. 3. Fishing effect on the body size of exploited fishes in coral reef of 
Northeastern Brazil. Scatter plot shows the slopes of the size spectra regressed 
against fishing effort in 18 coral reef fishing grounds. 
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of the regression model between fishing effort and the slopes of size 
spectra was low, however, indicating that variables not considered in 
this study affected fish size structure. Size spectra analyses for each 
fishing ground generally had good fits, with average coefficients of 
determination (R2) of 0.63 for the linear regressions of log abundance vs 
log body size (Table 1; Fig. 2). 

3.2. Species-level analyses 

Our main finding that fishing effort shrunk the body size structure of 
exploited fishes, as indicated by fish catch data, was partly supported by 
species-level changes in body size. Fishing effort decreased the average 
size of seven of the eight most harvested species (Table 2). However, 
those results are based on regressions which were not significant and 

had very low coefficients of determination (average R2 = 0.04), again 
indicating that other variables affected fish size structure. 

3.3. Species composition in the catch 

We found no evidence of shifts in species composition in our gradient 
of fishing effort (Fig. 1S, Supplementary Material). The percent contri-
bution of each species remained relatively stable across all fishing 
grounds, suggesting that the decrease in fish size with increasing effort 
was due to fishing. 

4. Discussion 

Our results document fishing effects on the size structure of the 
exploited portion of coral reef fish assemblages in the southwestern 
Atlantic Ocean. These results are based on fisheries-dependent data and 
lack support from fisheries-independent data such as underwater visual 
census. Despite this limitation, they provide circumstantial evidence 
that hook and line fishing pressure increased the mortality rates of larger 
fishes, which are known to be the main targets of these reef fisheries 
(Carvalho et al., 2021). By ’larger,’ we refer to those species within our 
observed catch that are relatively larger compared to others, though 
they do not include the largest species known in the region, such as 
Mycteroperca bonaci or Lutjanus jocu. Our results are in line with prior 
studies in Brazil (Floeter et al., 2006; Bender et al., 2013) and the Pacific 
and Indian oceans (Graham et al., 2017; Zgliczynski and Sandin, 2017; 
Campbell et al., 2020), reporting fishing impacts on the size structure of 
coral reef fish assemblages. 

We previously showed that there is little overlap in target species 
across fishing gears in our study area, so that each gear selects a unique 
portion of the assemblage function (Carvalho et al., 2021). Focusing on 
hook and line thus allowed us to document fishing effects on a 
sub-portion of the overall exploited fish assemblage, which is mainly 
composed of benthopelagic species with limited mobility (Carvalho 
et al., 2021), such as Holocentrus adscensionis, Alphestes afer, Sparisoma 
spp. and Epinephelus spp. The latter two species are particularly 
vulnerable to fishing as they exhibit complex life cycles (i.e., pro-
togynous sex change). Protogynous hermaphrodites are highly vulner-
able to size-selective fishing because of a potential lack of large male 
individuals capable of fertilizing the eggs produced by females (Côté, 
2003; Blaylock and Shepherd, 2016). 

However, several variables were not accounted for in our study. We 
note our analytical approach implicitly assumed that all reefs were 
comparable. Natural differences in fish assemblages across reefs could 
explain the low coefficients of determination of our regressions. These 
include differences in recruitment and hook size (i.e., gear selectivity; 
Bianchi et al., 2000; Tuda et al., 2016). Other unaccounted variables 
that can help explain differences in the size structure of fish assemblages 
is habitat quality as more structurally complex coral reefs provide 

Fig. 4. The gradient of median fishing effort for each of the 18 fishing grounds 
in the Environmental Protected Area “Costa dos Corais” (Coast of Corals). Effort 
was calculated by counting the number of individuals in each fishing ground 
and dividing it by reef area (km2) of each ground. 

Table 1 
Eighteen fishing grounds using hook and line gear in the Environmental Pro-
tected Area Coast of Corals. We show the fishing effort estimated as the median 
of the daily density of fishers per km2. Slopes (b) for each linear regression be-
tween fishing effort and the average size (cm) per species are shown along with 
other regression outputs (F-statistic, p-value and R2).  

Fishing ground Effort b F p-value R2 

Araçá  5.7  -6.98  79.79  0.000  0.88 
Barra Grande  3.1  -4.85  27.62  0.000  0.73 
Barreta  2.6  -5.91  27.80  0.000  0.73 
Barretinha  11.1  -5.90  33.78  0.000  0.77 
Bica  2.3  -4.49  34.35  0.000  0.77 
Caminho do Carro  9.8  -7.47  57.90  0.000  0.85 
Carapitanga  3.5  -6.87  87.72  0.000  0.89 
Caravela  9.1  -7.91  45.30  0.000  0.90 
Dois Irmãos  6.8  -5.30  35.72  0.000  0.78 
Cruzeiro  2.0  -4.04  20.43  0.000  0.67 
Gamela  4.0  -5.84  22.95  0.000  0.69 
Gaspar  7.1  -5.69  39.26  0.000  0.79 
Leão  16.7  -7.29  45.88  0.000  0.82 
Ouriço  4.9  -6.42  80.00  0.000  0.88 
Pedra da Ilha Peroba  13.9  -6.25  20.52  0.002  0.67 
Quintas  8.3  -5.68  56.31  0.000  0.84 
Ribeiro  13.6  -6.71  39.22  0.001  0.79 
Terra Oca  15.2  -6.39  30.27  0.007  0.76 
Average  7.76  -6.11  43.60  0.000  0.79  

Table 2 
Main fish species caught with hook and line at the Coast of Corals. We show the 
slopes (b) for each linear regression between fishing effort and the average size 
(cm) per species. Fishing effort was estimated as the median of the daily density 
of fishers with hook and line per km2. We also show sample size (n), and other 
regression outputs (F-statistic, p-value and R2).  

Species n b F p-value R2 

Alphestes afer  120  -0.058  0.001  0.973  0.00 
Cephalopholis fulva  220  -0.060  0.267  0.612  0.02 
Epinephelus adscensionis  521  -0.367  0.171  0.684  0.01 
Haemulon aurolineatum  223  -1.561  1.411  0.253  0.09 
Haemulon squamipinna  157  -0.960  0.678  0.425  0.05 
Halichoeres sp.  225  1.368  1.234  0.283  0.07 
Holocentrus adscensionis  950  -0.356  0.280  0.604  0.02 
Sparisoma axillare  1138  -1.427  2.731  0.118  0.15 
Average  444.2  -0.427  0.847  0.494  0.05  
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shelter for small fishes (Rogers et al., 2014), and depth as reefs farther 
offshore are expected to be more pristine than reefs located in shallower 
waters that are closer to shore and hence more easily accessed by fishers 
and tourists. Finally, while hook and line was the most common gear in 
our study area, the size structure of the local fish assemblage was likely 
also affected by other fishing gears (e.g., nets, corrals and speargun) and 
even historical exploitation. Our size spectra analysis based on hook and 
line could thus serve as a starting point for future and more compre-
hensive studies encompassing additional fishing gears and larger spatial 
areas in Brazil and beyond. 

The parrotfish Sparisoma axillare was the most frequently caught 
species by hook and line (Table 2) – yet it belongs to a group of species 
that are considered endangered and under special management plans in 
Brazil due to population declines (Pinheiro et al., 2021). While S. axillare 
is known for its role in reef ecosystems, primarily through the removal of 
filamentous and turf algae, its role in facilitating coral settlement and 
recruitment has not been explicitly demonstrated. This species con-
tributes to the maintenance of reef health by controlling algal growth, 
which can otherwise outcompete coral for space and light (Bellwood 
et al., 2012; Bonaldo et al., 2014; Feitosa and Ferreira, 2014). Our re-
sults suggesting that fishing decreases the average body size of S. axillare 
(Table 2) provide a glimpse of the process by which fishing affects its 
populations and could be used to guide decisions to prevent or reverse 
their overfishing (Pinheiro et al., 2021). 

Our findings suggest that size spectra derived from fisheries- 
dependent data may offer valuable insights into the impacts of fishing 
pressure on the exploited portion of fish assemblages. However, these 
insights must be interpreted with caution in the absence of fisheries- 
independent data from underwater visual censuses (UVC) or addi-
tional measures such as CPUE. While it is a valid concern that hook and 
line gear may be highly selective and produce catch data that may not 
fully represent the entire fished assemblage, the consistency of our 
findings with theoretical predictions and previous empirical studies re-
inforces the validity of using size spectra analysis in coral reefs based on 
fishery-dependent data. This is in line with other studies in marine and 
freshwater ecosystems that found fisheries-dependent data to provide 
sound results in size spectra analyses (Rice and Gislason, 1996; Fabré 
et al., 2017; Leitão, 2019). We do note that visual census data is also 
subject to biases including overestimation of planktivores and under-
estimation of large predators (Edgar et al., 2004; Robinson et al., 2017; 
Campbell et al., 2020). 

The insights gained from our study can serve as a foundational basis 
for long-term monitoring of the size structure within the exploited 
portion of the fish assemblage. This approach is suitable for tropical 
developing nations, where the majority of coral reefs exist and resource 
constraints significantly limit monitoring efforts (Floeter et al., 2006; 
Tuda et al., 2016; Barlow et al., 2018). Our study highlights the pressing 
need for effective management strategies to sustain these critical eco-
systems, while also providing a feasible framework for continual 
monitoring with accessible data to inform conservation and fishery 
management efforts. 
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