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a b s t r a c t

Mozambique has the third-largest coastline in the western Indian Ocean with a large and diverse
reef area. Those reefs provide food and income for a large proportion of coastal communities but
remain scarcely studied. As a baseline assessment, we sampled four uncharted shallow reefs (Baixo
Africa, Baixo Zambia, Pomene and Baixo Silvia) within a 56 km stretch line from 5 to 32 meters
deep. The fish abundance and assemblage composition were assessed by underwater visual census
(25x2m, n = 112). The benthic community was characterized by digital images (0.5x0.5m, n = 164)
and the invertebrate megafauna by direct counting (25x2m, n = 52). A total of 209 reef fish species
was observed, with similar mean richness (22.4 ± 7.2 species.100 m−2) at all reefs. Invertivorous (n =
79) and planktivorous fish species (n = 36) represented 55% of species total. Trophic composition was
similar among sites and with large contribution of planktivores. The presence of large shoals (>100
ind.100 m−2, e.g., surgeonfish, fusiliers, snappers) and large-bodied fishes (>90 cm) (e.g., groupers) was
a clear indication of local productivity and health conditions of reefs. Seventy-nine taxa were observed
on the benthic cover with the largest richness found at Baixo Silvia (28.5 ± 7.4, species.100m−2, mean
± SD). Turf algae dominated the benthos (31.5% ± 16.4) at all sampled reefs. Coral cover was variable
between sites (9.3 – 25.8%), dominated by branching and plate corals, and <1% of colonies showed
signs of diseases/bleaching. The baseline assessment indicated large biomass of fishes and negligible
evidence of large impacts on coral formations which indicated a good conservation status of those
areas. Based on these findings, a marine protected area is proposed for establishment in collaboration
with environmental authorities and the local community.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Mozambique has the third-largest coastline in the Western
ndian Ocean (WIO), about 2515 km in total length (FAO, 2017)
hich bears a variety of ecosystems, from estuaries to sandy
eaches, rocky shores, mangroves, seagrasses, and coral reefs (Ro-
rigues et al., 2000; Hoguane, 2007). Coral reefs in Mozambique
ave an estimated area of 1290 km2 (Motta, 2000), exhibiting

great biodiversity (e.g., Riegl, 1996; Pereira, 2000; Benayahu et al.,
2003). Reef ecosystems are the primary source of food and in-
come for a large proportion of the country’s coastal communities,
which compose more than 45% of the Mozambican population
(INE, 2019). Mozambican reefs shelter more than 320 species
of scleractinian corals, around 790 reef associated fish species
(Pereira, 2000), and many taxa yet to be investigated.

Despite the key role of coral reef environments to the coastal
communities and the national economy (Rodrigues et al., 1999),
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scientific studies about the Mozambican reefs remain scarce
because of complex logistics. Still, many threats such as re-
peated events of bleaching in the Western Indian Ocean (Gudka
et al., 2020), growing fishing pressure (artisanal and commercial
- Samoilys et al., 2019), and ongoing exploration of fossil fuels
along the Mozambican coast (Salazar et al., 2013; Andreasson,
2018) has been reported. The reefs from Inhambane Province
are known for sheltering large and iconic species such as whale
sharks and giant manta rays (Rohner et al., 2013), and also
for touristic diving activities, mostly in Tofu and the Bazaruto
National Park (Haskell et al., 2013) regions. Because of better local
infrastructure and accessibility those areas have the most studied
reefs in the region, with occasional efforts in reefs adjacent to the
Pomene National Reserve (see Louro et al., 2017; Pereira et al.,
2018).

Conservation efforts largely rely on composition and com-
munity structure data to evaluate the conservation status of
established protected areas (Noss, 1990; Tucker et al., 2017) and
for prioritization of new efforts (Harris et al., 2017). Integrated

assessments of a variety of marine organisms have the potential
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to greatly help understanding the relative contribution of anthro-
pogenic and natural disturbances to community patterns, aiding
direct conservation efforts (Friedlander et al., 2014; Meirelles
et al., 2015). In this context, our efforts aimed to fulfill the urgent
need of primary information to establish a baseline and support
the monitoring of reef sites along the coast of Inhambane focusing
on future conservation actions. Our specific aims were to (1)
describe the relative cover and composition of benthic commu-
nities and (2) characterize the reef fish assemblages indicating
dominant species and functional groups of shallow-water reef
formations (up to 30 m deep) between the southern limits of the
Santuário Bravio de Vilanculos (VCWS) and the Pomene National
Reserve. There are no reports of large anthropogenic pressures,
and the sampled reefs are accessed mainly by artisanal fishermen
and few recreational fishing boats, thus we expected to find no
signs of overfishing (e.g., presence of large carnivores and top
predators). Regarding the benthic communities, even considering
the widespread recent bleaching events reported to other WIO
countries (Gudka et al., 2020), we expected to find a healthy coral
community with very low to no signs of bleaching or pathogenic
diseases usually associated with the pollution of coastal waters.

2. Material and methods

2.1. Study site

The surveyed area is located in the central region of the In-
ambane Province and included a 56 km stretch of coastline with
our shallow reef structures (Baixo Africa, Baixo Zambia, Pomene,
nd Baixo Silvia). Some of those reefs are already mapped on
avigation charts, but others are only known by local fishermen
ommunities and diving operators. All reef formations are located
etween 0.5 to 6.5 km from the shore (Fig. 1) and within a depth
ange from 5 to 32 m. Ponta Pomene (herein called Pomene)
nd Baixo Zambia are sites previously known for diving activities
Pereira et al., 2018), while the reefs of Baixo Silvia and Baixo
frica had only recently been visited by recreational divers, as
eported by local fishermen. Previous to this study, there was no
ecord or official registers considering those reefs (Baixo Africa
nd Baixo Silvia) in scientific surveys.
Baixo Silvia is composed of three main reef structures con-

ected by shallower flat areas located around 6 km from the shore
nd extending for 5.5 km, with reef formations found between
to 28 m. Pomene reefs are located on the coast of the Reserva
acional do Pomene — RNP (MTADR, 2006), with reef formations
ocated from 500 to 1000 m off the coast within depths from 15
o 40 m. Baixo Zambia reefs are formed by a group of moderately
omplex reefs located at 6.5 km from the shoreline, with depths
anging from 7 to 24 m. Lastly, the Baixo Africa reefs are grouped
n a narrow formation following the coastline approximately 5
m distant from the shore and within a depth range from 7
o 24 m. Detailed reef’s general morphology is described in the
upplementary material.

.2. Benthic cover and invertebrate megafauna

Estimates of cover were based on non-destructive sampling.
he benthic community associated with reef areas was character-
zed by counting all large mobile invertebrates (> 5 cm) observed
p to one meter from both sides along a transect line (25 m), and
aking digital images (50 × 50 cm) at two meters intervals on the
ay back. Transects were haphazardly distributed along the reef
lope in parallel to the sea bottom with at least 20 m from each
nding point of one transect and the starting point of the next,
nd a minimum of 11 transects (10 images per transect) at each
eef site (table 1s). Transects sampling was performed at similar
2

depths for all sites (12.6 ± 2.3 m, mean ± SD; details in table 1s
— supplementary material). Each image was analyzed for relative
cover with the photoQuad software (Trygonis and Sini, 2012)
by overlaying 50 random points on each image. Benthic cover
organisms were identified at the lowest taxonomic level possible,
and then assigned to the following categories for analysis pur-
poses: turf algae, macroalgae, coral, zoanthid, crustose coralline
algae (CCA), suspension/filter feeders, other invertebrates, and
cyanobacteria. Lost information due to edges, shade or undefined
features in images comprised less than 1% of total cover and was
not included in the analysis.

2.3. Reef fish surveys

Fish abundance and assemblage composition were assessed by
underwater visual census (UVC) along 25 × 2 m belt transects.
This method consists of identifying, counting, and estimating
the size (total length in cm) of all fish species observed in a
determinate area (Brock, 1982). Swimming along the transect,
the divers registered all fishes > 10 cm on the way out, and
cryptic species and fish < 10 cm were registered on the way back.
Transects were haphazardly placed along the reefs from depths
between 7 to 16 m at accessible areas with a minimum number
of 20 replicates at each site (see table 1s for detailed information).

2.4. Data analysis

The richness, diversity, evenness of taxa from the benthic
cover, the invertebrate megafauna and fish species were tested
for normality (Shapiro Wilks test) and homogeneity of vari-
ance (Levene’s test) before subject to the analysis of variance
(ANOVA). The same procedure was applied to the density of fishes
and invertebrate megafauna. When necessary, data was square
root transformed to attain ANOVA premises (Underwood, 1996).
Reef site was used as a fixed factor and samples (transects or
quadrats) were used as replicates in analysis. The same structure
of analysis was applied for Permutational Multivariate Analysis
of Variance (PERMANOVA) both for fish assemblage and inver-
tebrate megafauna data using transects as replicates. In the case
of benthic communities, transects were treated as random factors
nested within reef sites, using quadrats as replicates. Multivariate
homogeneity of groups dispersions was evaluated prior to PER-
MANOVA analysis and, when heterogeneity was found samples
were pooled as averages of samples for analysis. When differ-
ences were found between levels of the tested factor, a Tukey test
was applied a posteriori to identify differences between levels.
When differences were found between levels of tested factor, a
Tukey test was applied a posteriori to identify differences between
levels.

The composition of the benthic cover was investigated using
metric multidimensional scaling, while the invertebrate
megafauna and fish assemblages were analyzed using non-metric
multidimensional scaling because of differences in variables’ dis-
tribution nature. The benthic cover data was transformed using
the arscin square root of relative cover before calculating distance
among replicates (Euclidian distance). Fish and megafauna data
were transformed using the Hellinger method prior to calculate
dissimilarities (Bray–Curtis distance). Only taxa with ≥ 1% in av-
erage cover (taxa), and fish species with ≥ 1% of total abundance
(81 species) were included in ordination analysis. Finally, similar-
ities between sampled assemblages were tested for each group
of data using the Mantel test with Ward’s agglomeration method
using average values for sampled sites. Cophenetic distances of
Ward’s cluster were all > 55%. All analyzes were done using R
language (R Core Team, 2020). Univariate analyzes were applied
using stats package (R Core Team, 2020) and lmer4 package (Bates
et al., 2015), and multivariate analysis used functions from vegan
(Oksanen et al., 2019) and ape packages (Paradis and Schliep,

2018).



C.A.M.M. Cordeiro, M.B. Lucena, F. Muhate et al. Regional Studies in Marine Science 48 (2021) 102037

w
d
o
m
s
a
b
a
w
o
s
b
F
w
A

Fig. 1. Surveyed reefs along the coastline between São Sebastião Lighthouse and south of the Reserva Nacional de Pomene in Inhambane Province (Mozambique).
Circular markers indicate sampled points in each of the reef formations indicated.
3. Results

3.1. Benthic cover and invertebrate megafauna

Most of the reef formations were parallel to the coastline
ith a steeper seaward side, a low relief plateau, and a gradual
epth range on the leeward side. Few partially dead corals were
bserved, and only a few colonies of Porites spp. and Astreopora
yriophthalma showed signs of disease in surveyed areas. The
hallow reef flat areas usually had lower coral cover (Fig. 1s),
nd deeper interface zones were dominated by coral rubble and
roken coral colonies (Fig. 2s), with few coral recruits (defined
s colonies with less than 3 cm). Spur and groove formations
ere common to the seaward side of reefs with a dominance
f coral rubble and sand (Fig. 2s). Higher coral cover was ob-
erved at intermediate depths (12–18 m) with a dominance of
ranching, arborescent, and plate corals at reef slopes (figure 2s).
ishing lines, pieces of rope, and nets were observed entangled
ith corals at Pomene and Baixo Zambia (figure 3s), mainly on
cropora, Pocillopora, and Tubastraea colonies. Fish and benthic

surveys were concentrated at reef slope and reef flat habitats.
Regarding the benthic cover composition, 46 species of Scler-

actinia, three Zoantharia, nine Alcyonacea, four Ascidiacea, two
Arthropoda, ten Mollusca, and nine Echinodermata were iden-
tified on studied reefs Table 2 (Table 1), with the majority of
the species being found in, at least, two sites (Table 2s). Reef
areas differed on the benthic cover taxa richness (ANOVA, F-value
3,465 = 28.02, p < 0.001), taxa diversity (F-value 3,523 = 7.25, p
< 0.001), and evenness (F-value 3,523 = 5.29, p < 0.001), with
Pomene having the lowest values for all variables (Fig. 2). In a first
approach, multivariate groups dispersions of benthic communi-
ties’ composition were heterogeneous (F-value 3,531 = 10.1, p <
0.001), thus we averaged quadrat samples to transect level for
a second test. No differences were found in multivariate groups
dispersions this time (F value3, 44 = 2.61, p = 0.06) neither
between benthic taxa composition (PERMANOVA: pseudo-F value

3,47 = 3.43, p = 0.19) of reef areas.

3

An average, sponges, turf algae, and substrate (rock, sand,
or coral rubble) were the dominant groups at all sampled reefs
(Fig. 3). Turf algae was the most abundant at Pomene (32.0 ± 17.4,
mean ± SD) and Baixo Zambia (30.6 ± 18.1), and the second
most abundant at Baixo Africa (22.9 ± 18.7) and Baixo Silvia
(17.2 ± 11.4). Sponges (18.5 ± 10.9) and other invertebrates
(25.8 ± 35.1) were dominant in Baixo Silvia and Baixo Africa
reefs, respectively (Fig. 2). The high cover of other invertebrates
found at Baixo Africa was related to the large aggregations of the
sea anemone Heteractis magnifica observed in a few areas (Table
2s). Among scleractinian corals, plate growth forms were the
most abundant in all reefs, especially in Baixo Africa (19.8 ± 21.4,
mean ± SD) followed by Baixo Zambia (18.9 ± 21.8), Baixo Silvia
(14.0 ± 16.9), and Pomene (13.5 ± 13.7) (Fig. 3). Total coral cover
was higher at Baixo Zambia (25.8%) and Baixo Africa (23.9%),
followed by Baixo Silvia (13.8%) and Pomene (9.3%). Coral recruits
were observed only at Baixo Silvia and Pomene, and solitary
corals were observed at all sites but Baixo Zambia (Table 2s).
Recently dead colonies were observed at all sites but summed
< 1% of total cover (Fig. 3). The species Acropora cf. branchi was
the most frequent plate coral at all reef sites, and the branching
Pocillopora sp. was abundant only at Baixo Zambia (Table 2s).

A total of 26 taxa from five phyla of mobile and sedentary
macro-invertebrates were identified for all sampled sites (Ta-
ble 1), with Echinodermata and Mollusca beingthe most frequent
groups on all sites except for Baixo Africa, where cnidarians were
dominant (Fig. 4). Total macrofauna density (Fig. 4) was similar
at all surveyed reefs (ANOVA, F-value 3,48 = 1.24, p = 0.31), and
the same was found for ecological indexes (Fig. 2) of richness (F-
value 3,48 = 2.32, p = 0.08), diversity (F-value 3,48 = 1.65, p =

0.19), and evenness (F-value 3,40 = 1.86, p = 0.15). The slightly
lower evenness observed at Baixo Africa was associated with the
local dominance of the anemone Heteractis magnifica, which was
the most common macroinvertebrate species observed, together
with the sea star Linckia sp., the sea urchin Echinothrix calamaris,
and the bivalve Hyotissa sp. (Table 3s). Multivariate groups dis-

persions were heterogeneous for the megafauna (F value 3,48 =
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Fig. 2. Species richness, diversity (Simpson index), and evenness (per 100 m2) of the benthic cover, macrofauna, and fish assemblage of reefs along the coastline
etween São Sebastião Lighthouse and south of the Reserva Nacional de Pomene in Inhambane Province (Mozambique). Colored dots indicate samples, vertical bars
epresent the median, boxes indicate first and third quantiles, and whiskers indicate 1.5*IQR (inter-quantile range). Note that y-axis scales are different in each panel.
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Fig. 3. Relative cover of benthic groups observed on four reef areas along the
coastline between São Sebastião Lighthouse and south of the Reserva Nacional de
Pomene in Inhambane Province (Mozambique). Dots represent individual values,
and boxes define the interquartile range, with whiskers limiting the 1.5*IQR

(inter-quantile range).

4

3.23, p = 0.03) with differences between Pomene and Baixo
frica (Tukey test, p = 0.03). Because differences were small,
he PERMANOVA analysis showed no differences in megafauna
omposition (PERMANOVA: pseudo-F value 3,51 = 2.03, p = 0.99)
of reef areas.

3.2. Reef fish assemblages

A total of 209 different fish taxa was observed along all sam-
pled sites (Table 2), with Baixo Zambia showing the highest
richness (n = 136), followed by Baixo Silvia and Baixo Africa (n
= 132), and Pomene (n = 116). No difference was found between
sampled reefs (Fig. 2), either for fish density (F-value 3,108 = 0.98,
p = 0.40), fish species richness (F-value 3,108 = 0.69, p = 0.56),
diversity (F-value 3,108 = 0.94, p = 0.43) or evenness (ANOVA:
F-value 3,108 = 1.86, p = 0.14).

The reef fish species assemblage’s composition was similar
among sampled reefs (Fig. 5; PERMANOVA: pseudo-F value 3,111 =

0.07, p = 0.9) irrespective of differences in sampling effort (Fig.
4s) and multivariate variance of groups was homogeneous (F
value 3,108 = 0.12, p = 0.95). Most of the species found were
common to all reef sites and with similar contributions (Table
4s in supplementary material), which explains the large overlap
observed in ordination analysis (Fig. 5).

Reef fish trophic structures had higher numbers of plank-
tivorous (n = 110) and invertivorous species (n = 70), and
the remaining trophic groups accounted for 40% of species total
(Table 4s). The relative contribution of species for each trophic
group was also similar among all sites (Fig. 4). The mean size of
individuals from the same trophic group did not differ between
reef formations (p > 0.05), except for mobile invertebrate feeders
(F value = 3.77, p = 0.01) that were larger at Pomene
3,553
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Fig. 4. Density of benthic macrofauna (A) and reef fish species (B), and relative frequency of macrofauna classes (C) and reef fish trophic groups (D) observed in four
eef areas along the coastline between São Sebastião Lighthouse and south of the Reserva Nacional de Pomene in Inhambane Province (Mozambique). FC — piscivore,
D — herbivore–detritivore, HM — macroalgivore, IM — mobile invertebrate feeder, IS — sessile invertebrate feeder, OM — omnivore, PK — planktivore. Dots
epresent individual values, and boxes define the interquartile range, with whiskers limiting the 1.5*IQR (inter-quantile range).
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han Baixo Zambia and similar between other reefs (Fig. 6). How-
ver, the size of macroalgivores was larger at Baixo Africa and
aixo Silvia, and the opposite pattern was observed for sessile
nvertebrate feeders (Fig. 6). Piscivores had the largest mean
36.8 ± 34.8 cm, mean ± SD) and range (6–230 cm) in body
ize.
Several planktivores (e.g., large unicorn-fish from Naso genus,

nd fusiliers from Caesio genus), carnivores (e.g., snappers, Lut-
anidae family), and piscivore (e.g., jacks, Carangidae family)
pecies were commonly found forming large shoals (> 100 in-
ividuals), especially at Pomene where reefs run deeper. Chon-
richthyes species were not abundant but observed in all reefs
espite not being recorded inside transects. Gray reef shark
Carcharhinus amblyrhynchos), whitetip reef shark (Triaenodon
besus), and blacktip reef shark (Carcharhinus melanopterus) were
bserved at Pomene, Baixo Silvia, and Baixo Zambia, respectively.
ne female (∼4 m wide) giant manta ray (Mobula birostris) and
ne juvenile whale shark (∼4 m long) of the observed at Baixo
frica, and another two species of rays (blue-spotted ray Taeniura
ymma and a large unidentified Dasyatidae, Fig. 5s) were observed
t Baixo Zambia.
No correlations were found between the benthic cover and the

ish assemblage compositions (Mantel test, Z = 22.1, p = 0.13),
he invertebrate megafauna and the fish assemblage composi-
ions (Z = 68.7, p = 0.08), or the benthic cover and megafauna
ompositions (Z = 29.4, p = 0.34).

. Discussion

Our study presents the first large assessment of fish and ben-
hic biodiversity of four uncharted shallow reefs of the Mozam-
ique Channel, a poorly studied area from the Western Indian
cean where more than 200 fish species and 84 species of ben-
hic invertebrates were identified. In general, the studied reefs

howed similar richness to those found for other reefs of the

5

ozambican Channel (Motta et al., 2000; Gudka et al., 2020;
amoilys et al., 2019). Nevertheless, the present findings add
aluable information to this understudied region. The abundance
f fish and the prevailing of healthy corals may be signs of low
uman impacts to the sampled reefs. We did not stratify sampling
ccording to classical reef features (back reef, fore reef, platform)
ecause of logistic and access restrictions, but we observed very
ow coral cover at the reef flat areas. The Mozambican coast has a
igh potential for the formation of cyclones (Malan et al., 2013),
nd several strong cyclones have indeed hit its coastal zone in
he last 25 years (Chikoore et al., 2015; Bié et al., 2017). Negative
mpacts on shallow reefs caused by cyclones (e.g., breakage and
islodgment of corals) are expected (Cheal et al., 2017) but it
s not possible to confirm if those events, such as the tropical
yclone Eline in 2000 (Reason and Keibel, 2004), had contributed
o the low coral cover observed at Inhambane reefs, since they are
istorically more frequent in the northern part of Mozambique
Chikoore et al., 2015).

.1. Benthic cover and invertebrate megafauna

The benthic cover taxa had large differences in ecological indi-
ators (taxa richness, diversity, and evenness) between sampled
eefs, but those differences were not reflected on the assem-
lage’s composition. The coral fauna in the area was composed of
everal common and widely distributed species, including species
rom of the genera Acropora, Pocillopora, and Porites, which can
e found throughout the whole Indo-Pacific region (Veron et al.,
016), and a few rare and uncommon species, such as Gyrosmillia
nterrupta and Horastrea indica, both restricted to the Western
ndian Ocean (Veron et al., 2016). Horastrea indica is currently
lassified as vulnerable by the IUCN Red List (Sheppard et al.,
008) and was observed only at Baixo Silvia and Baixo Africa,
he two sites with the highest diversity of benthic species. The
ost abundant plate coral observed at all sites was Acropora cf.
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Fig. 5. Ordination plot (nMDS) of reef fish assemblage from four reefs along the coastline between São Sebastião Lighthouse and south of the Reserva Nacional de
Pomene in Inhambane Province (Mozambique). Dots indicate transect level samples, and polygons delimitate each reef assemblage multivariate space.
branchi, an endemic species of the Western Indian Ocean, widely
distributed, and a key species that creates structural complexity
on Mozambican reefs (Veron et al., 2016). It is important to
highlight that the species list presented here represents only
the species that could be clearly identified from images. Thus,
a detailed assessment including morphological and molecular
analyzes is recommended for a complete description of the local
coral biodiversity.

Both coral species diversity and cover are important proxies
to the health of the local environment as they are positively
correlated to reef fish diversity and abundance (Komyakova et al.,
2013, 2018). The tridimensional environment created by corals,
especially those with branching growth forms such as Acropora,
enerates structural complexity that provides shelter for several
pecies of fishes and invertebrates (Nanami et al., 2013; Darling
t al., 2017; Rogers et al., 2018), which constitute the basis of
oral reef communities. When reef formations are damaged, the
nvironment loses diversity and complexity, with negative im-
acts on reef biodiversity (Graham and Nash, 2013; Komyakova
t al., 2018). The survey showed a large contribution of branching
nd plate corals, mainly fast-growing species from the genus
cropora, providing higher structural complexity. Nevertheless,
espite the key role of branching species in enhancing structural
omplexity – consequently higher biodiversity – recent studies
6

have shown that coral species diversity is also a relevant factor
in maintaining reef fish diversity (Komyakova et al., 2013, 2018).
Here, we did not find any relationships between the benthic cover
and the fish assemblage, or invertebrate megafauna compositions
which may indicate that further processes, such as planktonic
primary production inputs, may regulate species interactions be-
sides structural complexity. Coral assemblages of Baixo Silvia
and Baixo Zambia showed higher coral cover with dominance of
Acropora, Alveopora allingi, Pocillopora spp. and Astreopora myrio-
phthalma which conferred a more complex reef structure to these
reefs. Interestingly, despite having the highest mean density of
fish and mean diversity of macroinvertebrates, Pomene reefs
showed the lowest values of mean richness and diversity of ben-
thic organisms and lowest coral cover. However, Pomene reefs are
surrounded by deeper waters and have a high primary structural
complexity which may compensate for refugees and attraction
of fishes. The mean coral cover of all surveyed reefs was lower
than that observed in other areas in the northern portion of
Mozambique but higher than the observed at Tofo (Inhambane),
also dominated by turf algae (Costa et al., 2005). Although the
observed mean coral cover was lower than 10% for all four sites,
the standard deviation was high, indicating that the surveyed
areas are heterogeneous and composed of patches with distinct
coral cover.
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Fig. 6. Estimated size of reef fishes according to trophic groups observed on four reefs along the coastline between São Sebastião Lighthouse and south of the Reserva
Nacional de Pomene in Inhambane Province (Mozambique). FC — piscivore, HD — herbivore–detritivore, HM — macroalgivore, IM — mobile invertebrate feeder, IS
— sessile invertebrate feeder, OM — omnivore, PK — planktivore. Dots represent individual values, and boxes define the interquartile range, with whiskers limiting
the 95% quantile interval.
All surveyed reefs had no signs of bleached colonies, with few
bservations of recently dead or partially dead colonies, mainly at
omene. The average water temperature (∼22 ◦C) observed was
elow extreme limits (> 30 ◦C) that induce bleaching by over-
eating, indicating that other factors may have caused the death
f these isolated corals in these colonies. Most of the partially
ead colonies were found isolated and should not be considered
sign of poor water condition (e.g., eutrophication) or presence
f chronic stressors, such as high temperatures. Only few entirely
ead colonies were observed in Pomene, which might be a result
f predation by the crown-of-thorns starfish. There were also
nly a few signs of disease affecting the zooxanthellate species
streopora myriophthalma and Porites sp..
The invertebrate megafauna was heterogeneous among sam-

led reefs, and different groups were abundant in each reef
e.g., sea urchins at Baixo Silvia, sea anemones at Baixo Africa),
ut some were conspicuous to all reefs such as the giant clam
Tridacna spp.) and sea cucumbers (Holothuria cf. nobilis). Tridacna
populations in the WIO have suffered severe declines associated
with direct extraction (Ramah et al., 2018), and sea cucumbers
have been especially targeted in northern Mozambique (Conand,
2008). However, although the frequency of occurrence of the
giant clams and sea cucumbers might indicate low or null extrac-
tion of those species in surveyed reefs, our data is not sufficient
to confirm that. Large crustaceans (e.g., lobsters) were seldom ob-
served and were observed only out of the transects at Baixo Africa
and Baixo Silvia. Similarly, that low representativeness should not
be interpreted directly as a result of extraction pressure, despite
this being of large concern along the Eastern African coast (Obura
et al., 2019). Most marine invertebrates have cryptical or noctur-
nal behavior (Glynn and Echochs, 2011), being underestimated
7

in diurnal surveys. Thus, the data presented here is a baseline
for local reef communities, and the lack of previous data or the
evaluation of local invertebrates harvesting activities precludes
conclusions about the general ‘health’ of invertebrate megafauna
communities or the influence of human exploitation.

4.2. Reef fish assemblages

The reef fish assemblages of surveyed reefs were similar in
terms of mean size of individuals, average density, and species
composition. Planktivorous fish species were the most abundant
at all sites, which is expected for areas under a high influence
of currents (Hobson, 1991). This high productivity associated
with particulate material and plankton carried by coastal tidal
currents, sustains a large number of small fish species and also
attracts large filter-feeding species such as giant manta rays
and whale sharks (Rohner et al., 2013). Schools of large and
mid-size planktivores (e.g., surgeonfish, fusiliers, and unicorn
fishes) but also mesopredators (snappers and jacks) were com-
monly observed at sampled reefs, which is an indication of
local high productivity (Duffy and Wissel, 1988), and healthy
conditions of reef communities (Shantz et al., 2015). However,
most fish species from higher trophic levels were mesopredators,
and large groupers and sharks (top predators) were only seldom
observed. Although occasional, small sharks were observed at all
reefs, including the gray reef shark (Carcharhinus amblyrhynchos),
whitetip reef sharks (Triaenodon obesus), and blacktip reef sharks
(Carcharhinus melanopterus). The presence of top predators in the
reef environment is critical for the resilience of these ecosystems
(Roff et al., 2016), and fishing activities focused on these species
can quickly collapse local shark populations over a short period
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(Heupel et al., 2009). Along the surveyed area, fishermen were
observed throwing chunks of red meat to the sea, suggesting a
directed fishing practice targeting sharks in the region.

Individuals from the family Epinephelidae (i.e., Groupers) were
ommon at all sampled reefs in considerable shallow depths
hen compared to reefs where they are the focus of fishing
ctivities (Sadovy et al., 2013). Large groupers and large jacks
Carangidae) are usually found in deeper reefs because of diving
nd fishing activities in shallow areas (Lindfield et al., 2016).
lthough all surveyed reefs were shallow (up to 30 m deep),
he presence of large-bodied fishes at these depths may indicate
hat these species suffer low fishing pressure locally. However,
he presence of broken fishing lines, ropes, and net pieces in
he surveyed reefs, especially at Baixo Silvia, Baixo Zambia, and
omene reefs, are clear signs of fishing pressure. The observation
f large groupers in Baixo Africa, as well as other small and
edium fish species that did not seem disturbed by divers are
robably associated with the low disturbance by human activi-
ies, which is probably related to the difficult access to the reefs.
espite differences in dimensions, benthic cover, and structural
omplexity among sampled reefs, the similarity of fish assem-
lages’ composition suggests high connectivity between those
eef groups, which may be tested in further studies.

.3. Conservation and monitoring

Synergistic pressures such as overfishing, pollution, and cli-
ate change have been affecting coral reefs worldwide (Halpern
t al., 2008; Hoegh-Guldberg and Bruno, 2010). Extreme cli-
atic events have been responsible for the intense bleaching of
oral reefs in the Western Indian Ocean (WIO), from Kenya to
ozambique (Rodrigues et al., 1999; Scheyler et al., 1999; Motta
t al., 2000; Gudka et al., 2020). Mozambican reefs have suffered
eclines in cover during the massive bleaching event of 1998
nd 2016 (Scheyler et al., 1999; Motta et al., 2000), but were
ess affected than other regions of the Western Indian Ocean
Gudka et al., 2020). However, the reef formations sampled here
ere not included in these studies, and up to date, there was
irtually no data on these reef formations. Considering the local
iodiversity and the importance of coral reef formations to the
ozambican economy and livelihood (Pereira et al., 2018; Obura
t al., 2019), conservation efforts should focus on monitoring
nd protecting reef areas, especially understudied reef structures.
fforts could be focused on the participation of local communities
n programs including local ecological knowledge and the training
f locals to help in monitoring efforts, participative management,
nd enforcement.
Due to the scarcity of knowledge about this important region

f the Mozambican coast, the data obtained here represents a
aseline for future monitoring activities in coral reefs of Inham-
ane Province, which require further conservation efforts. This
irst assessment of fish and benthic diversities and composition
ill help future actions focused on sustainable use of coral reef
esources and maintenance of ecosystem services, especially re-
ated to local food security, low impact tourism activities and
iodiversity conservation.

. Conclusions

• Reef fish species diversity of the four reef formations sur-
veyed (Baixo Silvia, Pomene, Baixo Zambia and Baixo Africa)
had similar values to other reefs in the Western Indian
Ocean;

• Coral cover was low, with very few dead colonies, few signs
of diseases, and no sign of recent bleaching;
8

Table 1
Taxa richness of invertebrate megafauna and benthic cover observed in four
reefs along the coastline between Saão Sebastião Lighthouse and south of the
Reserva Nacional de Pomene in Inhambane Province (Mozambique).
Method Taxon Reef site

Baixo
Silvia

Pomene Baixo
Zambia

Baixo
Africa

Invertebrate megafauna Platyhelminthes 1 1 1 –
Cnidaria 1 2 1 2
Mollusca 4 4 4 3
Arthropoda – – 1 1
Echinodermata 12 8 9 6

Benthic cover Algae 4 4 4 4
Porifera 2 2 2 1
Hydrozoa 1 1 1 1
Actiniaria 2 2 2 1
Octocorallia 8 8 7 8
Zoantharia 2 2 2 1
Scleractinia 35 26 25 28
Mollusca 1 – – 1
Echinodermata 3 2 1 1
Ascidiacea 4 3 3 3

Table 2
Reef fish species richness according to trophic groups and reef sites along the
coastline between São Sebastião Lighthouse and south of the Reserva Nacional
de Pomene in Inhambane Province (Mozambique).
Reef site Trophic group

FC HD HM IM IS OM PK

Baixo Silvia 15 8 3 54 12 11 25
Pomene 8 10 1 52 11 10 21
Baixo Zambia 9 11 2 56 13 14 25
Baixo Africa 12 9 4 51 15 11 25

FC — piscivore, HD — herbivore–detritivore, HM — macroalgivore, IM — mobile
invertebrate feeder, IS — sessile invertebrate feeder, OM — omnivore, PK —
planktivore.

• Reef formations had few signs of fishing pressure, and Baixo
Africa – the most isolated reef – resembled an unfished reef;

• The conservation status of sampled reefs is worth noting,
and conservation action is recommended to maintain such
conditions.
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