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a b s t r a c t

The spatial distribution, abundance and habitat of a population of a shallow-water octopus, Octopus
insularis, subject to some fishery pressure, was studied in the Fernando de Noronha Archipelago, a marine
protected area off northeastern Brazil. Three techniques were used: visual censuses in fixed quadrants and
in roving-diver and catch per unit of effort (CPUE) of the commercial fishery. We had two hypotheses, that
eywords:
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arine protected area
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ishery management

the species had a nonrandom distribution, related to substrate and body size, and that relative abundance
outside the national park would be lower than within, possibly due to fishery pressure. We found a patchy
distribution over all, with octopuses almost confined to substrates with a large proportion of hard surfaces.
There were seasonal and depth effects on distribution of the very small octopuses found mainly in shallow
water (intertidal to 5 m depth) during the dry season. Abundance was similar inside and outside of the
national park, which suggests that the octopus fishery is not a threat to the abundance of O. insularis at
istribution this present level.

. Introduction

The species focus of this study, Octopus insularis (Leite and
aimovici, 2008), is a medium-sized octopus which is the main
ommercial cephalopod species in shallow waters around tropical
ceanic islands and along the northeastern coast of Brazil (Leite et
l., 2008c). There are very few data about the biology and ecology
f this species yet (Leite, 2007), once that it was not previously dis-
inguished from the Octopus vulgaris complex, being only recently
escribed as a new species (Leite et al., 2008c). In Fernando de
oronha islands, an archipelago 350 km off the northeastern coast
f Brazil (Fig. 1), this species occurs throughout the year in the
hallow waters, where it is the focus of an artesian fishery, the
nly one in an oceanic island from Brazil. The major portion of the
rchipelago is within the limits of the National Marine Park (with-

ut fishery), while the other portion is an Environmental Protection
rea where the fishery is allowed. The catches have subsistence,
ecreational, and commercial aspects, with a rough estimate of the
otal yearly catch between 3 and 6 tons (Leite et al., 2008a).
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The new species needs to be studied in the same manner as
better known ones, especially because it is the subject of a fishery.
Information about its variations in distribution and relative abun-
dance in time and space are critical for understanding the ecology
of this species (Valiela, 1995) and for fishery management (King,
1995). As cephalopods are soft-bodied refuging animals, the char-
acteristics of the bottom where a benthic octopus lives have been
thought to be the main factor influencing its distribution, due to the
necessity of protection against predators (Aronson, 1991; Hanlon
and Messenger, 1996).

Studies on octopus habitat preference in tropical reefs showed
that some characteristics, such as den availability (Aronson, 1986),
preference for edge (Anderson, 1997), and preference for back-
reef over reeftop and forereef (Forsythe and Hanlon, 1997) affected
octopus distribution. Moreover, Mather (1982) found a positive
correlation between Octopus joubini’s clumped distribution and
the distribution of molluscan shells in which they hid in a
subtropical habitat, and Scheel (2002) observed a positive associ-
ation for Enteroctopus dofleini density with substrate, kelp cover

and shallow waters (up 5 m depth) in Alaska. Den availability
can be also a limiting factor for octopus distribution, as sev-
eral studies for different species have described home choice
and suggest characteristics used in selection of hiding places
(Mather, 1982; Altman, 1967; Katsanevakis and Verriopoulos,
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http://www.elsevier.com/locate/fishres
mailto:leite_ts@yahoo.com.br
mailto:docmhm@yahoo.com.br
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004b; Hartwick and Thorarinsson, 1978; Forsythe and Hanlon,
997).

Factors other than habitat may have an important influence
n density. Seasonality was very important to E. dofleini migra-
ion in British Columbia, Canada (Hartwick et al., 1984) and to
ctopus tehuelchus recruitment in Patagonia, Argentina (Iribarne,
991). Besides the season, depth and temperature were also signif-
cant factors in Octopus vulgaris abundance in Greek coastal waters
Katsanevakis and Verriopoulos, 2004a). Biological factors such as
redation pressure and reproductive demand were also defined as

mportant determinants to the distribution and density for some
ctopus species (Aronson, 1986; Leite, 2007; Huffard et al., 2008),
hile prey availability was not (Mather, 1982; Scheel et al., 2007).

There are several ways to estimate density of a marine ani-
al, and none is satisfactory by itself. Although fishery data-based

nvestigations have been important to assess population densities,
his technique requires the sacrifice of a large number of animals
nd is unacceptable in some environments, such as the marine
rotected areas, and for endangered species. Direct visual obser-
ation has already been used as an important tool to study octopus
eeding strategies (Mather, 1991; Hanlon et al., 2008), body pat-
erns (Leite and Mather, 2008), daytime activity (Mather, 1988),
nd even aspects of the population biology (Oosthuizen and Smale,
003). Cryptic animals, such as octopuses, pose some difficulties
or visual censuses. However, in clear water, such as around tropi-
al oceanic islands, it is possible to observe the distinct hard-bodies
rey remains left in front of the dens of cryptic animals, and an ade-

uate sampling design can minimize the obstacles to octopus visual
ensuses.

In order to understand O. insularis’ successful dominance in the
hallow waters of the tropical oceanic island of the Southwestern
tlantic, information about the population dynamic of this species

ig. 1. Map of the areas of study around the Fernando de Noronha Archipelago, with nat
oving-diver areas; squares show fixed-quadrant areas; and triangle show areas of fishing
arch 98 (2009) 85–91

in the shallow water around Fernando de Noronha Archipelago, as
well as the impact of the fishery on this population, were evaluated,
and two main hypotheses were tested: (1) O. insularis has a non-
random distribution, related to substrate and body size and (2) O.
insularis has a lower abundance in areas outside the national park.

2. Materials and methods

2.1. Study area

O. insularis was studied in Fernando de Noronha Archipelago
from 2003 until 2005. The archipelago is composed of a group of
21 northeastern Brazilian oceanic islands (03◦51′S and 32◦25′W),
located at 345 km NE of Cape San Roque Brazil (Fig. 1). It is an
emerged portion of the Mid-Atlantic Ridge with an area of 18 km2.

The shelf around the main island is relatively wide, reaching a
diameter of 10 km at the 100 m isobaths. The water temperature
ranges from 24 to 28 ◦C and the salinity is around 36% (Eston et al.,
1986). The south and southeast coasts of the main island are char-
acterized by rocky faces and extensive barriers of calcareous algae
and are subjected to strong wave action from April to December.
The northeastern shelf is sandy with large stone blocks embedded
in the sand. On this side of the islands there is wave action from
December to April (Teixeira et al., 2003; MMA/IIBAMA, 2005).
2.2. Sampling method

The data were collected at 24 sampling areas around the
archipelago in five periods: September/October 2003, January
2004, May/June 2004, July/August 2004, and March/April 2005,

ional park limits (see names and description in Table 1). Legend: numbers indicate
occurrence.
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Table 1
Description of the sampling areas, survey methodology (QC: fixed-quadrants census; RC: roving census; CPUE: catch per unit of effort), and number of surveys (quadrants or
divers) per sample period.

Sample per period

No. Sampled Survey Substrates and area September/ January 2004 May/ July/ March/
areas method Depth range (m) description October 2003 June 2004 August 2004 April 2005

1 Baia dos Porcos RC 0–5 Sandy beach with bedrocks 1 3
2 Biboca CPUE 5–10 Rocky and rubble beach with sand

patches
2

3 Boldró CPUE 0–5 Sandy beach with a large algacea reef
crest

5 2

4 Buraco da
Raquel

QC 0–5 Marine lagoon in the middle of a reef
barrier

1 1 1 1

5 Buraco das
Cabras

RC 10–15 Channel with rock and bedrock bottom 3 1 3 4

6 Buraco do
Inferno

RC 10–15 Protected bay with rock and sandy
bottom

1 1 3

7 Cabeço da
Sapata

RC >20 Volcanic elevation with sand bottom 1

8 Cabeço
Submarino

RC >20 Volcanic elevation with sand bottom 1

9 Cagarras funda RC >20 Rata island rocky wall with sand
bottom

1 2 2

10 Cagarras rasa QC 10–15 Protected bay with rock and bedrock
bottom

1 1 1

11 Caieiras RC 10–15 Bedrock and rocky bottoms 1 3 2 2
12 Canal da Rata RC 10–15 Channel with small rocks on sandy

bottom
2 2 9 9

13 Caverna da
Sapata

RC 15–20 Cave in a large rocky wall, with sandy
bottom

4 3

14 Cordilheiras RC 15–20 Gathering of big rocks on sandy bottom 2 1 3 1
15 Ilha do Meio RC 10–15 Volcanic island with caves and sandy

bottom
1 1 2

16 Laje dois
irmãos

RC 15–20 Bedrock over a sandy bottom 3 2

17 Macaxeira RC >20 Rata island rocky wall 1
18 Morro de For a RC 0–5 Volcanic cliff, on sandy and rocky

bottom
1

19 Pedras secas RC 10–15 Volcanic cliff with calcarea algae
bottom

1 1 5 2

20 Pontal do Norte RC >20 Volcanic elevation with sandy bottom 1 2 1
21 Porto—left side CPUE 0–5 Bedrock with sandy patches 2
22 Porto—right

side
CPUE 5–10 Rubble and bedrock beach with sand

patches
2 2

23 Ressurreta RC 5–10 Protected bay, with rocky walls on 7 1 4 8 4
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4 Sueste QC 0–5 Protected bay with bedrock

patches

sing three underwater techniques: visual censuses in fixed quad-
ants (n = 3) (Krebs, 1989), roving-diver visual census (n = 17)
Schmitt and Sulivan, 1996), and catch per unit of effort (CPUE), col-
ected through interviews of the commercial octopus fishery (n = 4)
Leite et al., 2008a) (see Table 1).

The sampling areas were chosen based on previous knowledge
f octopus habitats. The areas characterized as poor habitats were
ampled sufficiently often to establish a relative absence of octopus
here (n = 4).

.3. Visual census for fixed quadrants (QC)

We surveyed the presence of octopuses in fixed quadrants of
0 m × 50 m in three areas. Buraco da Rachel and Sueste quad-
ants were sampled during snorkeling, and the Cagarras Rasas
uadrant was sampled during scuba dives (Fig. 1 and Table 1).
he quadrants were marked with buoys and subdivided into 25
maller squares of 10 m × 10 m (100 m2) using a gyro-compass and

tape measure, and all of the quadrants were sampled visually; all
oles and crevices were examined. Dens were identified by both
resence of an octopus and fresh prey remains of mollusks and
rustaceans. Octopus size was recorded as small (S: under 80 mm
L), medium (M: 80–100 mm ML), or large (L: over 100 mm ML).
andy 1 1 1 1

Maps with detailed description of the substrate, den locations,
and distance to the nearest den (m) were drawn for each quad-
rant.

This fixed-quadrants design was used to test the hypothesis
of nonrandom octopus distribution, with density as a function
of octopus body size and ecological variables (substrate, depth
and season). To test if the octopuses were randomly distributed,
the Standardized Morisita index (Ip) was calculated for each area
(Krebs/Win Program 0.9). This index ranges from −1.0 to +1.0, with
95% confidence limits at +0.5 and −0.5 (Krebs, 1989). Random pat-
terns give Ip = 0, clumped patterns give Ip > 0, and uniform patterns
give Ip < 0. Due to the small number of octopuses sampled, the
distribution of all individuals observed during the survey in the
10 m × 10 m quadrants in each area (25 × no. months sampled) was
considered, regardless of the month.

One-way ANOVA and Tukey t-tests were used to evaluate
the influence of octopus size on the distance to nearest octo-
puses (Statistic soft. 6.0). The variation of relative abundance with

sample areas and season was tested with a Factorial ANOVA. A
t-test checked the variation of relative abundance with depth
(intertidal [0–5 m] versus subtidal [10–15 m] regions). A nested
design—ANOVA and Tukey t-test were used to check the variation of
relative abundance throughout the substrates in the sample areas
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GLM procedure, Statistic soft. 6.0). The relative abundance in differ-
nt substrates: bedrock without sand (H0); bedrock with sand (H1);
ock without sand (R0); rock with sand (R1); unconsolidated sand
U1), was calculated by dividing the number of octopuses found
n a particular type of substrate by the number of small squares
10 m × 10 m) with this substrate type. The equation log(x + 1) was
sed to normalize relative abundance data (Zar, 1999).

.4. Roving-diver visual census (RC)

We performed an adapted “roving-diver” survey method in 16
reas around Fernando de Noronha and Rata Islands, from the sub-
idal zone (below 5 m) to 40 m depth (Fig. 1). The depth was divided
nto three categories (5–10 m, 10–15 m and <15 m). In each census,
ll octopuses outside or inside the dens were counted, and sub-
trate, den type, and depth were recorded. The depth was recorded
y a dive digital computer. The mean relative abundance for each
rea at each time was calculated as the total number of octopuses
ounted divided by time, where the amount of time consumed
xamining each den was estimated as 3 min and subtracted from
he total census time.

The roving census allowed coverage of a larger number of areas
han the fixed quadrants, and the relative abundance estimates
ould be compared with the CPUE in the octopus fishery areas. A
egression between the census time and the number of octopuses
bserved during the census was performed in order to evaluate the
fficiency of the roving census methodology to calculate relative
bundance data.

This sampling design allowed us to test the hypothesis that phys-
cal environmental variables such as location (sampled area, depth,
nd archipelago side) and temporal variable (season), influence
ctopus relative abundance in the subtidal region. The variation of
ctopus relative abundance with depth, side of island, and season
as tested by the main effects ANOVA. To decrease bias, areas with

ess than two octopuses registered throughout the census were not
onsidered. Differences among sampling areas were tested sepa-
ately by the one-way ANOVA. The relative octopus abundances
ata were transformed with log(x + 1) to stabilize variances and
ormalize data (Zar, 1999).

.5. Catch per unit of effort (CPUE)

The relative octopus abundance inside the national park (with-
ut fishery) might have been influenced by commercial fishing
n areas outside the park. Outside the park, the catch per unit of
ffort (number of animals caught/hour of search) reported in ques-
ionnaires filled out by fishermen was used as an index of the
elative abundance (no. octopus/fisherman dive time). The abun-
ance inside the national park was estimated by the RC method,
hich is a comparable method to the CPUE (see Section 2.4). We

ompared the mean relative abundance among three areas inside
he national park: Baia dos Porcos (0–5 m), Ressurreta (5–10 m), and
uraco do Inferno (10–15 m), and three areas outside the national
ark: Porto left side (0–5 m), Boldró (0–5 m) and Porto right side
2–10 m), by the Mann–Whitney U-test, both in two sampling times.
ll compared areas had similar habitats and were surveyed at a
imilar time of the year (May/July 2004).

.6. Distribution of sizes of octopuses versus den type

The overall distribution of octopus sizes was tested by a

istribution-fitting procedure (Statistic soft. 6.0). For the analysis of
istribution, octopuses size were divided into four categories: extra
mall (SS: under 50 mm ML), small (S: 50–80 mm ML), medium (M:
0–100 mm ML), and large (L: <100). Dens were classified into four
ategories—(1) soft bottom (B): octopus sheltered under a rock rest-
arch 98 (2009) 85–91

ing on top of any soft bottom; (2) horizontal crevice (CH): octopus
sheltered in a crack or crevice in a hard substrate, such as outcrop
or bedrock; (3) vertical crevice (CV): octopus sheltered in a vertical
crack or crevice in a hard substrate, such as a vertical wall; and (4)
between rocks (R): octopus sheltered in a space between two rocks.
A Multiway Contingency Analysis was used to analyze whether the
occurrence of the den categories was correlated with the four octo-
pus sizes (4 × 4 contingency table) (SPSS 11.5; Zar, 1999). Octopuses
found outside the dens were not taken into account. This analy-
sis tests the hypothesis that the frequencies of occurrence in the
various categories of one variable are independent of the frequen-
cies in the second variable. Because the variables were categorical,
with no intrinsic order, we chose the contingency coefficient as a
significance measure. The correlations were deemed significant at
p < 0.025. Then, the main effects of three depth categories (0–5 m,
5–10 m and >10 m), substrates (see quadrants methodology), sea-
son, and side of the island (north or south) were evaluated as
independent predictors of the occurrence of the four octopus size
categories described above, using a multinomial logistic regression
(SPSS Program 11.5). A multinomial logistic regression is useful to
classify subjects based on values of a set of independent nominal
variables. This is a generalization of the logistic regression, in which
the dependent variable is not restricted to two categories (Zar,
1999). Parameter estimation was performed through an interac-
tive maximum-likelihood algorithm. The correlations were deemed
significant at p < 0.025.

3. Results

Overall, 263 Octopus insularis were recorded from the intertidal
zone to 40 m deep: 98 during 127 scuba dives (4926 min), 117 during
47 snorkeling dives (4555 min), and 48 during 8 fisherman dives
(854 min).

3.1. Fixed-quadrants survey

We found 101 octopuses (54 small, 26 medium, and 21 large) in
the fixed quadrants, but only the octopuses found in dens (n = 94)
were considered for the statistical analyses of distribution and rela-
tive abundance. The distribution analysis pointed out an aggregate
distribution (binomial negative distribution) (Morisita index > 0).
The inter-den distances varied from 0.2 to 25 m (mean (M): 7.88 m;
standard deviation (S.D.): 5.25). The inter-den distances were sig-
nificantly higher between medium-sized pairs compared to smaller
and larger ones (F = 3.4063, df = 5, p < 0.001; Tukey, p < 0.05) (Fig. 2).

Densities varied from 0.12 to 0.88 individual per 100 m2. Rela-
tive abundance differed significantly among sampled areas (F = 7.09,
df = 2, p < 0.05), but not between seasons (ANOVA, p > 0.05) or
depths (t-test, p > 0.05). Sueste (M: 0.55 ind./100 m2) showed sig-
nificantly higher relative abundance than Buraco da Rachel (M:
0.21 ind./100 m2) (Tukey, p < 0.05) (see areas in Fig. 1 and Table 1).
Abundance also varied significantly with substrate, from 0 to
4.5 ind./100 m2 (F = 3.28; df = 11, p < 0.01). However, the abundance
was only significantly higher in rock with sand (M: 4.5 ind./100 m2)
than in rock without sand (M: 0.1 ind./100 m2) (Tukey, p < 0.05).

3.2. Roving-diver visual census

Ninety-four octopuses (small = 32, medium = 38, large = 22)
were found by visual census (68.2 h). To check the efficiency of

the roving census in measuring abundance, the number of octo-
puses seen and the corresponding search time were plotted (Fig. 3).
The mean number of octopuses recorded increased with roving
times (b = 1.3704, r2 = 0.56, n = 28) however, these increases were
greater over times until 3 h. The equation for the line of best fit was
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Fig. 2. Mean and standard error (S.E.) line of the minimum distance between the
nearest O. insularis dens according to the size of the two den occupants (n = number
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f observations). Legend: S/S = dens occupied by two small octopuses; S/M = dens
ccupied by a small and a medium octopus; S/L = dens occupied by a small and a
arge octopus; M/M = dens occupied by two medium octopuses; M/L = dens occupied
y a medium and a large octopus; and L/L = dens occupied by two large octopuses.

= 1.3704x. The mean number of records did not increase at the
ame rate for longer periods.

The mean densities varied from 0 to 3.9 ind./h census. Lower
ensities were observed in deeper areas (>20 m), with a maximum
f one individual observed in two areas. Also, no octopuses were
bserved in Caverna da Sapata and Laje dos Dois Irmãos, both at
epths below 15 m (see Table 1). Variations of relative abundance
ere analyzed for depth, season, island side, and sample areas. Rel-

tive abundance did not vary significantly among depth categories,
ide of island, or season in the subtidal region, from 5 to 20 m (main
ffects ANOVA, p > 0.05). Sample areas also did not influence the
elative abundance (ANOVA, p > 0.05).

.3. Octopus fishery areas survey

Relative densities did not vary between in-park and outside
fishery areas) (U-test, p > 0.05), although the abundance was pre-
ominantly outside (outside: M: 3.70; S.D.: 1.46; park: M: 1.78, S.D.:
.64). The CPUE varied from 2 ind./h in Boldró in March 2005, to
ind./h in Conceição Beach in July 2004.
.4. Distribution of sizes of octopuses versus den type

The overall distribution of octopus sizes showed an approxi-
ate normal distribution (distribution normal fitting: chi-square

est = 15,586, df = 1, p < 0.0001), with most of the octopuses

ig. 3. Regression between time sampled during individual roving census and the
umber of octopuses found (n = 28, r2 = 0.56).
Fig. 4. Total number of octopuses found per size category. (SS = under 50 mm ML),
small (S = 50–80 mm ML), medium (M = 80–100 mm ML), large (L = >100).

observed classified as medium (n = 95) and a few in the extreme
categories such as extra small (<50 mm; n = 22) or large (>130 mm;
n = 58) (Fig. 4).

In general, O. insularis preferred dens under rock in soft bottoms
and dens in horizontal crevices (>86% of occurrence), while dens
in vertical crevices were less attractive. The Multiway Contingency
Analysis showed a significant relationship between octopus size
and den type (CC (4 × 4): 0.288, p < 0.025; n = 224). This relationship
was clearer among extra-small octopuses, as more than 70% of this
size category occupied dens in horizontal crevices and none in dens
between rocks (Fig. 5).

The regression among octopus size categories and envi-
ronmental variables showed a significant relationship (model:
chi-square = 55.88; df = 21; p < 0.025). There were significant effects
of season (chi-square = 10.38; df = 3; p < 0.025) and depth (chi-
square = 16.015; df = 6; p < 0.025) on octopus size occurrence. Small
octopuses occurred more frequently in the rainy season (60%) and
medium-sized ones occurred more frequently in the dry season
(57%), but the difference was not highly significant. The main trend
was the common occurrence of the smaller octopuses in the most
shallow waters (0–5 m), while the bigger octopuses showed no sig-
nificant preference (ES = 90%; S = 53%; and M = 42%) (Fig. 6).

4. Discussion
Like other octopus species (Mather, 1982; Hartwick et al., 1984;
Iribarne, 1991; Aronson, 1986; Katsanevakis and Verriopoulos,
2004a,2006; Scheel, 2002) O. insularis had substrate, season, and
interspecific relationships as factors influencing its abundance and

Fig. 5. Occurrence of Octopus insularis size categories across four den types. Legend:
B = dens under a rock resting on top of any soft bottom; CH = dens in horizontal
crevices; CV = dens in vertical crevices; and R = dens between two rocks.
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lations. Some features of O. insularis distribution should be taken
ig. 6. Occurrence of four Octopus insularis size categories: extra small (SS = under
0 mm ML), small (S = 50–80 mm ML), medium (M = 80–100 mm ML), and large
L = < 100) across three depths.

istribution. Despite their restrictions, the three methodologies
sed at this study pointed to an aggregate distribution of O. insu-

aris, influenced not only by environmental variables but also by
iological ones like ontogeny and maturity stage. All nondestruc-
ive methods used in this study had drawbacks, but used together
hey complemented each other and produced comparable and con-
istent results.

Our evidence supports the same clumped distribution found
or O. vulgaris, which needs hard structures on soft substrates or
enetrable areas in hard substrates (Oosthuizen and Smale, 2003;
atsanevakis and Verriopoulos, 2004a).

The den type was also an important factor for O. insularis, espe-
ially for the smaller ones. Similar to our results, juveniles of O.
ulgaris generally occupied holes sunk perpendicular into the sub-
trate, while larger sized specimens excavated dens beneath rocks
nd ledges. Den modifications by octopuses, such as removing rock
nd sand and placing items to block the aperture (Mather, 1994),
ere also performed by O. insularis for the two most chosen den

ypes. Dens with fewer possibilities of modification, such as verti-
al cracks or crevices in a hard substrate, and spaces between two
ocks, were less often chosen.

Environmental factors also influenced O. insularis density and
istribution. The significant relationship of octopus size and depth
oints to a heterogeneous ontogenetic distribution. The common
resence of extra-small octopuses in shallower waters (0–5 m) dur-

ng both seasons suggests that the region functions as a “nursery”
or the O. insularis post-settlement throughout the year. Any habi-
at that makes a greater contribution to the recruitment of adults
han the average should be considered a nursery habitat (Beck et
l., 2001).

Smaller octopuses seem to prefer warmer temperatures found
n intertidal regions, perhaps in order to promote faster growth and
hus shorten the period during which they are more vulnerable to
redation (Katsanevakis and Verriopoulos, 2004a). In cephalopods
ven small increases in temperature (1–2 ◦C) during the first 3
onths post-hatch could greatly accelerate growth and signifi-

antly reduce the time required to reach adult size (Forsythe, 1993).
mall- and medium-sized octopuses also showed a higher occur-
ence in this region, but not notably so, indicating that after the
ost vulnerable phase, the juveniles probably migrate to deeper
aters.

Another possibility is that predation pressure limits the distri-
ution of very small octopuses (Aronson, 1991). Three of the four
ain predators of O. insularis at Fernando de Noronha Archipelago,

he nurse shark (Ginglymostoma cirratum), the stingray (Dasyatis
mericana), and the dog snapper fish (Lutjanus jocu), are not usu-
lly seen on the hard substrates in intertidal regions and in depths

p 2 m (personal observation). Only the green moray eel (Gym-
othorax funebris) can be found in shallower water, and rarely in

ntertidal regions (personal observation), which probably indicates
ess predation pressure on the octopuses at this depth.
arch 98 (2009) 85–91

A third influence for the juveniles’ aggregation in shallower
waters is food. Leite (2007) found the number of the preferred prey
items per den was larger in depths up to 10 m, indicating that avail-
ability of food may also influence the bathymetric distribution for
this species.

As observed in other octopus species from tropical regions
(Aronson, 1986), the O. insularis abundance varied according to
physical characteristics of the habitat, such as substrate and depth,
but did not vary seasonally, which was observed for O. vulgaris
from a subtropical region and for E. dofelini from a temper-
ate region (Hartwick et al., 1984; Oosthuizen and Smale, 2003;
Katsanevakis and Verriopoulos, 2004a). Its abundance in fixed
quadrants (0.12–0.88 ind./100 m2) was similar to Octopus briareus
from a tropical insular region (M: 0.79/100 m2 ± 0.36; Aronson,
1986).

The high octopus abundance under 15 m of depth without sig-
nificant differences throughout the year could be explained by a
constant temperature and salinity in the shallow water of this trop-
ical region, without the influence of a shallow thermocline, which is
located between 70 and 160 m in Fernando de Noronha Archipelago
(Travassos et al., 1999).

The reproductive behavior related to sex and maturity was
another relevant factor observed in this study. The minimum and
mean distances between octopus dens (0.2 m and 7.88 m, respec-
tively) were much smaller than that observed for E. dofleini (11 m;
Scheel, 2002) and even for the small O. joubini (more than 90% of
octopuses were more than 1 m apart; Mather, 1982). Leite et al. (in
press) found O. insularis clumps usually composed of one mature
female and up to four mature males around her, suggesting that not
only body size but also reproductive maturity could be influenced
by these aggregations. Recently, Huffard et al. (2008) observed a
similar reproductive association for Abdopus aculeatus from Indone-
sia, with the mating system incorporating sneaker mating, mate
guarding, frequent copulations, and male–male competition for
mates.

4.1. Fishery

The highest CPUE in areas outside the national park, when com-
pared with abundance in similar areas inside the national park,
suggest that fishery areas are very favorable for octopus occur-
rence. Although studies have pointed out that exploited species
generally attain a greater relative abundance inside protected areas
(Kenough et al., 1993; Salm et al., 2000), the present results did not
show a negative effect of the local fishery on octopus relative abun-
dance outside the marine protected area, yet. The contrast could be
explained if octopuses move from national park areas to open areas
with suitable habitats available (particularly with dens) (Hartwick
et al., 1988; Voight and Greahan, 2000).

Oosthuizen and Smale (2003) suggest that the combined
exploitation of inter- and subtidal areas could be detrimental to
the octopus stock, as the overexploitation of one area will impact
on the other. These two areas should be managed as one, to ensure
the sustainable use of octopus resources.

5. Conclusions and relevance for management

This kind of study is always necessary when a marine species is
exploited, especially inside conservation areas. We could see how
numerous and complicated are the influences on octopus popu-
into account for management plans. For example, the concentra-
tion of extra-small octopuses in shallower water and the apparent
lack of their occurrence in deeper water suggest that the shallow
areas should be protected to increase the chances for these juveniles
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o reach adulthood. This aspect was proposed in the management
lan (Leite et al., 2008b). Furthermore, due to the O. insularis aggre-
ated distribution in a few preferred substrates in shallow water,
he occurrence of fisheries in some of these preferred areas could
ncrease the impact on the octopus population.

For now, fishing does not appear to pose a serious risk to the
ctopus population around the Fernando de Noronha islands, as
t is restricted to a few dozen part-time fishermen who fish in a
mall fraction of the total habitat available for the octopus and catch
7 metric tons per year (Leite et al., 2008a). Nevertheless, further
tudies on the distribution of the preferential habitats, in particular
here and when mating and brooding take place, are necessary to

ontribute to an effective management.
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