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Introduction

Leitão et al. (2023) aimed to assess the effects of human 
impacts (namely overfishing) on the foraging niche of her-
bivorous reef fishes by comparing areas with different levels 
of protection in the largest coral reef complex in the South 
Atlantic: the Abrolhos Bank. The authors used video sur-
veys, underwater visual censuses, and stable isotope analy-
sis (SIA) to assess resource use and niche overlap among 
herbivorous fishes. Although the use of isotopic niche as 
a result of possible effects of anthropogenic disturbance 
(Post 2002; Vander Zanden et al. 2003), including overfish-
ing (Frisch et al. 2014), is an interesting approach that can 
provide insightful information, the authors failed to account 
for differences in fish size and used a sampling strategy that 

may lead to dubious conclusions on marine protected area 
(MPA) effects.

The Abrolhos Bank region supports a diverse range of 
habitats, including mushroom-shaped biogenic reef pinna-
cles (chapeirões) and rocky reefs. Pinnacles vary between 
5 and 25 m high, and have two clear distinct habitats: tops 
(horizontal inclination and depths ranging 2–6 m) and walls 
(vertical inclination and depths ranging 3–15 m), while 
rocky reefs are bordered by fringing coral reefs (Francini‐
Filho et al. 2010, 2013). Within the plethora of habitats on 
the Abrolhos Bank, Leitão et al. (2023) provided an inside/
outside MPA comparison between two different sites: the 
Parcel das Paredes reef (unprotected coastal reef composed 
by biogenic pinnacles ~ 30 km offshore) and the Abrolhos 
Archipelago (a no-take mid-shelf MPA composed by rocky 
reefs ~ 65 km offshore). Previous work has demonstrated that 
benthic communities are more distinct between the pinna-
cles’ tops and walls than between sites and reefs, irrespective 
of protection level (Francini-Filho et al. 2013). Leitão et al. 
(2023) used broad categories to group benthic organisms. 
One of these groups, the epilithic algal matrix (EAM), is het-
erogeneous, and as such is problematic for site comparisons. 
For example, within the EAM, the amount of cyanobacteria, 
a resource targeted by parrotfishes (Clements et al. 2016; 
Mendes et al. 2018), can vary at temporal and spatial scales 
between sites in the Abrolhos Bank (Francini‐Filho et al. 
2013). The heterogeneity of EAM in Leitão et al. (2023) 
could have been better resolved if this resource had been 
sampled in different areas, at a higher taxonomic resolution, 
and analysed using stable isotopes.

The most conspicuous organisms in the benthic cover of 
unprotected coastal reefs (reef tops and walls) are the reef-
building corals Montastraea cavernosa and Mussismilia 
hispida, while in the protected Abrolhos Archipelago, the 
coral cover is mainly characterized by Mussismilia brazil-
iensis (Francini‐Filho et al. 2013; Fig. 1). Although the dif-
ference in benthic communities between areas has long been 
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recognized, Leitão et al. (2023) lacks detailed information 
on which habitats were sampled in the coastal pinnacles. 
Distinct environmental characteristics are also associated 
with the wide cross-shelf gradient in the study by Leitão 
et al., with coastal reefs being shallower and more turbid 
and nutrient-enriched than mid-shelf and offshore reefs 
(Francini‐Filho et al. 2010, 2013; Segal and Castro 2011). 
Accordingly, marked differences in fish and benthic com-
munities have already been described across the Abrolhos 
shelf (Francini‐Filho and Moura 2008; Francini‐Filho et al. 
2013) (Fig. 1). Different sedimentation rates may affect the 
feeding activity of herbivorous fishes by directly altering 
benthic communities (McClanahan and Obura 1997; Atalah 
and Crowe 2010; Goatley and Bellwood 2012). By ignor-
ing key environmental gradients such as these, Leitão et al. 
confound the protection effects they intended to study.

Differences in fish sizes between coastal and mid-shelf 
reefs is another key aspect that clearly influences the results 
of Leitão et al. (2023). Cross-shelf increases in the size of 
herbivorous fishes are well-known for Abrolhos and other 
regions (Gust et al. 2002; Pereira et al. 2018; Kingsford et al. 
2019; Roos et al. 2020) (Fig. 2). For example, juveniles 
of Scarus trispinosus and some non-herbivorous taxa are 
more abundant in Paredes Reef, while large adults are more 

abundant in the offshore Archipelago (Freitas et al. 2019; 
Roos et al. 2020). Whether caused by ontogenetic migra-
tions, selective mortality or fishing pressure, such differ-
ences alone suggest distinct isotopic niches between coastal 
and mid-shelf reefs, as stable nitrogen isotope signatures 
(δ15N) are enriched in larger individuals (Vander Zanden 
et al. 2000; Vander Zanden and Rasmussen 2001; Andrades 
et al. 2019). Leitão et al. note that differences in fish body 
size, as estimated from visual censuses, were not signifi-
cantly different between protected and unprotected sites 
for most species, except for S. trispinosus and Acanthurus 
coeruleus. However, Table 2 in Leão et al. clearly shows 
larger fish sizes inside than outside the MPA for specimens 
used for the isotopic analyses, although they did not test for 
significance of this difference. Accordingly, the niche varia-
tion reported by Leitão et al. (2023) is unlikely to be directly 
related to the levels of protection and instead can be an effect 
of the difference in the size of the analysed individuals.

Detecting and quantifying the effect of protection status 
on population structure in conservation science is a challeng-
ing task, requiring an understanding of spatial and temporal 
variability in the system, measurement error, and the type 
of comparison used (i.e., before MPA establishment, out-
side the MPA, or both), among other factors such as fishing 

Fig. 1   Benthic cover comparison between the unprotected inshore 
Parcel das Paredes Reef and the protected no-take mid-shelf area 
Abrolhos Archipelago. Data was obtained with 0.5 m2 photo-quadrats 

(cf. Francini-Filho et  al. 2013) between 2006 and 2014 (n = 226). 
Asterisks above boxplots indicate significance level (Mann–Whitney 
U Test): *p < 0.05, **p < 0.01, and ***p < 0.001
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pressure and intrinsic characteristics of species (Nickols 
et al. 2019; Pereira et al. 2022; Hopf et al. 2022). Usually, 
finding true replicates of protected reefs is more challenging, 
but this problem does not justify making inferences in the 
absence of replicate control sites. The spatial comparison 
performed by Leitão et al. (2023) may be problematic in 
establishing the causal effect of protection on the biologi-
cal parameters of the studied populations their experimental 
design did not consider the need to randomly select treat-
ment (protected site) and control (unprotected site) units. 
Although advanced techniques have recently been applied 
to MPA assessments because of their ability to increase the 
detectability of protection effects (e.g., matching methods), 
the majority of studies measuring the conservation impacts 
of MPAs use one of the following approaches: (i) comparing 
biological indicators sampled at the same location before 
and after MPA establishment; (ii) comparing biological indi-
cators sampled inside and outside at the same time; and (iii) 
comparing absolute changes in indicators outside to inside 
(the before-after-control-impact design – i.e., BACI) (Fran-
cini‐Filho and Moura 2008; Rojo et al. 2019; Ferreira et al. 
2022).

To infer causality and determine whether any changes 
in population structure can be attributed to the establish-
ment of MPAs, it is important to investigate heterogene-
ity of confounding factors or covariates over time and 
space. Sampling designs such as the BACI (Before-After 

Control-Impact) or BACIPS (Before-After Control-Impact 
Paired Series) can partially control for confounding variables 
as these approaches account for pre-existing natural differ-
ences (Francini‐Filho and Moura 2008) and distinguish the 
effect of environmental interventions from other sources of 
spatiotemporal variation based on a time series of differ-
ences (Thiault et al. 2017). The effect of several covariates, 
such as different habitat characteristics between sites (e.g., 
depth and sedimentation levels) (McClanahan and Obura 
1997; Francini‐Filho and Moura 2008; Hoey and Bellwood 
2009; Francini‐Filho et al. 2010; Segal and Castro 2011) that 
likely affected the fish community and the diet and foraging 
patterns of herbivorous fish were not taken into account by 
Leitão et al., and disregarding confounding covariates might 
overestimate the effects of protected areas.

The authors acknowledge that their isotope results are not 
consistent with their video observations and state that “SIA 
was the only tool used that was able to find significant differ-
ences in niche between species,” raising concern about the 
biases that may influence isotopic metrics. Francini–Filho 
et al. (2010) revealed interspecific differences through direct 
observation of herbivorous fish, showing that feeding rates 
and feeding substrate selection were consistently different 
between these sites for most species. It is possible that the 
low-resolution video analysis in Leitão et al. did not detect 
such differences. In our view, the most concerning bias is 
the assumption by Leitão et al. (2023) that all ecological 

Fig. 2   Size frequency distributions of herbivorous fishes in the unpro-
tected inshore Parcel das Paredes Reef and the protected no-take off-
shore area of the Abrolhos Archipelago. Data were obtained with sta-

tionary visual censuses (cf. Minte-vera et al. 2008) between 2006 and 
2014 (n = 519)
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differences tested and observed are a product of the different 
levels of protection rather than reflecting the striking differ-
ences in fish size and habitat composition between the pro-
tected mid-shelf rocky reefs and the unprotected inner-shelf 
biogenic reefs. Site differences in resource availability and 
the nutritional quality of resources are some of the factors 
that could explain the differences in fish foraging behaviour 
between these sites (Francini‐Filho et al. 2010). Under-
standing the ecological effects of MPAs on fish population 
structure beyond fish abundance and diversity is critical, but 
caution is required and conclusions must be supported by 
robust methods. Conclusions about the conservation effec-
tiveness of MPAs should incorporate the complexity of reef 
ecosystems and their trophodynamic processes, as well as 
accounting for confounding factors in the sampling designs. 
Attributing site differences solely to levels of MPA protec-
tions without these considerations is inherently problematic.

The conclusions reached by Leitão et  al. (2023) are 
clearly flawed. This problem is characteristic of many stud-
ies that seek to explain differences in reef fish abundance, 
demography and foraging modes as a consequence of protec-
tion from fishing. However, reef fish are sensitive to natural 
environmental variation, which often manifests over very 
local scales. In these circumstances, it is essential to rule 
out alternative explanations for differences in reef fish life 
history traits before invoking protection from fishing.
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