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Abstract 

Marine Protected Areas are increasingly becoming a tool of choice for con-
servation and management of marine resources and ecosystems. Data on bio-
diversity are necessary to assist in establishing protected areas for conserva-
tion objectives to be met. Toward that effect, we investigated reef biodiversity 
patterns in three large-scale coastal regions of Brazil. The study areas com-
prised of an upwelling region, an adjacent high impacted region, and a more 
distant marine park. We surveyed four reef sites in each study region. Species 
counts of sessile benthic organisms, substrate relief, and average monthly wa-
ter temperatures were recorded during the surveys. Benthic organisms were 
identified to the lowest taxa possible using still photos. Biodiversity was esti-
mated using Shannon’s index on richness of organism taxa. Diversity was 
highest at the upwelling and high-impacted areas. No substrate relief patterns 
were found. Temperature readings showed lower average values at the upwel-
ling and high impacted regions. Our results favor the upwelling region for 
establishment of a Marine Protected Area. Moreover, the similar diversity 
between the upwelling and the high impacted regions showed evidence of 
spillover effects from the former into the latter region, further demonstrating 
the importance of the former region for conservation. 
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1. Introduction 

Shallow reef ecosystems are increasingly becoming degraded from human activi-
ties, coastal development, and commercial activities. As human population 
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grows and expands to coastal areas, threats to reef habitats will continue un-
abated. Additionally, many human activities increase the likelihood of environ-
mental contamination through introduction of invasive species, further threat-
ening the stability of coastal ecosystems [1]. To curb this trend, reef habitat con-
servation and recovery efforts need to employ proven techniques toward that 
goal, of which protected areas are likely the most promising. 

Marine protected areas have proven effective in conservation of several eco-
systems, including reef habitats [2] [3] [4]. Its widespread adoption by local, na-
tional, and international regulators attests to its effectiveness in conservation 
and recovery of coastal habitats for commercially important or emblematic spe-
cies [5]. The benefits of MPAs in the conservation of non-target species and the 
maintenance of ecosystem functions are, however, still not well known [6]. For 
such techniques to be effective siting is one of the most important factors to 
consider [7] [8]. Locations of MPAs need to include a network of high diversity 
sites to provide optimum viability to the persistence of such networks long term 
[9]. Toward objective, we investigate three areas in terms of diversity of 
non-target benthic biota to assist in marine conservation policies and recovery 
efforts of coastal ecosystems. 

2. Materials and Methods 

Research of benthic diversity was conducted in shallow reef habitats of the Rio 
de Janeiro and São Paulo states. The study regions comprised of an upwelling 
area to the north, an adjacent high impacted area, and a more distant marine 
park to the south (Figure 1). At each region, four sites were chosen and two 
depths strata at each site. Depth strata were less than 8 m and between 10 and 15 
m. At each depth strata, two 20 m long transects were randomly selected for in-
vestigations. Each depth stratum was visited once every quarter from December 
2013 to June 2015, totaling six data collection visits. 

Data collections for biodiversity were done by SCUBA using quadrats 25 cm 
on a side. Twenty quadrats were placed randomly along each transect before a 
still digital photograph of each was taken. Photographs were processed to extract 
percent area covered by benthic organism. Organisms were identified to the 
lowest taxa possible during photograph processing. No live organisms were tak-
en, to minimize habitat disturbance during data collection events. Data collec-
tion for substrate relief were conducted using a 5 m chain placed at random lo-
cations in each stratum. The chain was draped over rocks and boulders and the 
loss of length recorded (no relief implies in a stretched-out chain, i.e., no loss of 
the 5 m chain length). Loss of length was used as the estimate of substrate com-
plexity. Water temperature data was obtained by placing one continuous tem-
perature logger at each study region. 

Data analysis comprised of estimates of biodiversity, substrate relief, and wa-
ter temperature patterns for the study area. Estimates were obtained using inde-
pendent analysis of variance (AOV) factorial designs. The Shannon index of  
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Figure 1. Study area and regions I-III (in circles) used in benthic biodiversity studies 
along the coast of Rio de Janeiro and São Paulo states, Brazil; Region I: upwelling area, 
Region II: high-impact area, Region III: marine park. 
 
biodiversity was the response variable for the biodiversity analysis. Average 
monthly temperature was the response for water temperature pattern estimates. 
Loss of chain length was the response for the substrate complexity analyses. Re-
gion and stratum were the factors selected for AOV analyses. Sites were not in-
cluded as factors because they had no ecological relevance aside from serving as 
replicates within study regions. 

To avoid biases for biodiversity analyses, only organisms identified to genus 
or species were included in analyses. In case an organism was only possible to be 
identified to genus and it was the only species observed throughout the study, it 
was included in analyses and assigned a species denomination (sp.). 

3. Results and Discussion 

Fifty-one organisms were sampled at all regions combined (Table 1). The vast 
majority of the observations were of macroalgae, echinoderms, and poriphera, 
typical of shallow-water marine ecosystems. The region with most organisms 
was the upwelling region, followed by the high-impact region, with the marine 
park last. The shallow stratum always yielded the most organisms (Table 2),  
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Table 1. List of organisms identified and total counts during biodiversity studies at shal-
low-water reef habitats on the coasts of São Paulo and Rio de Janeiro states, Brazil; Region 
I: upwelling area, Region II: high-impact area, Region III: marine park. 

Taxa Region I Region II Region III Total Count 

Dictyota sp. 384 342 184 915 

Echinometra locunter 266 211 78 555 

Jania adhaerens 287 161 94 542 

Tedania ignis 136 199 183 518 

Sargassum vulgare 120 202 168 490 

Neogoniolithon sp. 144 176 125 445 

Colpomenia sinuosa 232 106 100 438 

Aplysinia fulva 85 115 67 267 

Darwinella sp. 65 112 49 226 

Myllepora alcicornis 160 0 17 177 

Padina gymnospora 102 18 29 149 

Mussismilia hispida 53 3 90 146 

Tubastrea sp. 38 1 103 142 

Arbacea lixula 16 117 4 137 

Pachychalina alcaloidifera 29 35 58 122 

Plocamium brasiliense 17 67 22 106 

Botrylloides nigrum 26 27 32 85 

Dideminum sp. 23 42 18 83 

Aliclona vansaeste 24 37 16 77 

Siderastrea stellata 74 0 1 75 

Palythoa caribaeorum 3 0 62 65 

Mycale angulosa 12 37 6 55 

Macrorhynchia philipina 3 16 31 50 

Dyctioptera sp. 26 9 13 48 

Phallusia nigra 9 3 35 47 

Lytechinus variegatus 2 39 4 45 

Asteronema breviarticulatum 15 3 13 31 

Mananchora arbuscula 3 21 3 27 

Dysidea etheria 2 20 3 25 

Phyllogorgia dilatata 23 0 1 24 

Schizoporella unicornis 1 17 4 22 

Carijoa riisei 0 2 17 19 

Bunodosoma caissarum 1 18 0 19 

Echinaster brasiliensis 3 2 9 14 

Monastrea cavernosa 1 0 9 10 

Isostichopus badionotus 3 4 0 7 

Amphimedon viridis 7 0 0 7 

Lophogorgia sp. 0 2 5 7 
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Continued 

Arenosclera brasiliensis 6 0 0 6 

Madracis decactis 6 0 0 6 

Hypselodoris lajensis 5 0 0 5 

Hypselodoris picta 0 3 0 3 

Callisponjae pseudotoxa 0 2 1 3 

Hemimycale sp. 0 0 2 2 

Cirripedia sp. 1 1 0 2 

Nascissia trigonaria 1 0 0 1 

Holothuria sp. 0 1 0 1 

Gymnothorax moringa 0 0 1 1 

Astropecten sp. 0 0 1 1 

 
Table 2. Mean species count by study region and depth stratum observed during biodi-
versity studies at shallow-water reef habitats on the coasts of São Paulo and Rio de Janeiro 
states, Brazil. 

Region Stratum N Mean Std 

Upwelling Shallow 48 8.50 2.79 

Upwelling Deep 48 5.65 2.93 

High-Impact Shallow 48 8.48 2.67 

High-Impact Deep 48 6.27 2.55 

Marine Park Shallow 43 8.26 3.25 

Marine Park Deep 42 4.07 2.22 

 
which is also expected, due to its higher exposure to sunlight. 

The highest diversity was found in the upwelling and the adjacent 
high-impact regions, with no statistical difference between both. The marine 
park had the lowest diversity among all three regions (Figure 2). This may at 
first be counter-intuitive, since the high-impacted region is located in a metro-
politan area, with detrimental impacts from human recreation, such as diving 
and spear-fishing, and pollution. As the high-impact area is south from the up-
welling area, there may, however, be a strong overspill from the upwelling area 
into the high-impacted area, supplying the latter with biological resources. The 
major driver of the observed overspill effects may be the predominantly 
north-south current flow at the study region [10]. Overspill effects are often re-
ported one of the many benefits of marine protected areas, as they do not only 
preserve habitat and resources locally, but may be a source for open, adjacent 
areas [11] [12] [13] [14]. 

The shallow stratum consistently had a higher diversity compared with the 
deep stratum (Figure 2). Unlike the results above by region, this is expected. The 
shallow stratum was generally around 5 m deep, compared with the deep stra-
tum of around 12 m deep. Near coastal waters at the study area are rich in 
planktonic and non-skeletal suspensates, which impedes light from penetrating  
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Figure 2. Analysis of variance least square means ± standard error of Shannon biodiver-
sity indices following biodiversity studies on the coasts of São Paulo and Rio de Janeiro 
states, Brazil; panel (a): factor Region, panel (b): factor Region X Stratum; panel (c): fac-
tor Stratum; lines indicate factor grouping significance (continuous lines under factor in-
dicate non-significance). 
 
higher depths [15]. What could be surprising is the rate of diversity losses with 
depth, placing a higher importance of shallow reef habitats in the maintenance 
of biodiversity. 

The mechanisms driving the diversity patterns in the study area were not clear 
from the results obtained herein. Habitat complexity as indicated by chain 
length losses seems not to have been a factor driving diversity patterns, as no 
statistically significant differences were found in substrate relief among regions 
or depth stratum. Habitat complexity is known to affect diversity of aquatic ha-
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bitats [16] [17] [18], indicating that for this study other factors were at play in 
determining the observed biodiversity patterns. 

One of such factors could be associated with water temperature, as there was a 
statistically significant difference of monthly average water temperature among 
region and between depth strata (Figure 3). Water temperature per se, however, 
 

 
Figure 3. Analysis of variance least square means ± standard error of water temperature 
following biodiversity studies on the coasts of São Paulo and Rio de Janeiro states, Bra-
zil; panel A: factor Region, panel B: factor Region X Stratum; panel C: factor Stratum; 
lines indicate factor grouping significance (continuous lines under factor indicate 
non-significance). 
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was likely not the driving factor, as biodiversity patterns did not parallel that of 
temperature. Water temperature was lowest for the deep stratum (low diversity) 
and highest at the marine park (low diversity). We, therefore, conclude that wa-
ter temperature is an indicator of upwelling phenomena, serving as a surrogate 
variable to indicate such regions at our study area. Other factors, possibly more 
related to nutrient availability from upwelling currents, are possibly at play for 
determining the observed biodiversity patterns. 

4. Conclusion 

The implementation of protected areas has great promise for recovering de-
graded habitats and preservation of entire ecosystems. Siting of such areas, 
however, is of prime importance in determining the effectiveness of such con-
servation practices. Setting aside areas of great diversity may be preferable, as 
they constitute more effective sources for adjacent, open areas. There is, howev-
er, a trade-off, as high-diversity areas are also prime locations for recreation or 
commercial fishing activities [12] [14]. We demonstrated in this study that 
high-diversity areas may benefit adjacent areas of high human impact. As the 
importance of intact ecosystems becomes more apparent, trade-offs between 
preservation and economic interests may increasingly tip toward preserving 
ecosystems, especially if the benefits of spillover effects are demonstrated, as 
done in this study. 
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