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Abstract. African manateesTftichechus senegalenyiand crocodiles are threatened species in parts of their
range. In West Africa, crocodiles may constitute the main predators for manatees apart from humans. Here,
we explore the macro-habitat selection of manatees and two species of crocodiles (West African crocodiles
Crocodylus suchuand dwarf crocodiléOsteolaemus tetraspign the Niger Delta (Nigeria), testing the hy-
potheses that (i) manatees may avoid crocodiles in order to minimize risks of predation, and (ii) the two
crocodile species do compete. The study was carried out between 1994 and 2010 with a stiiezeit di

field techniques. We observed that the main macro-habitat types were freshwater rivers and coastal lagoons for
manatees, mangroves for West African crocodiles, and rivers and creeks for dwarf crocodiles, with (i) the three
species dfering significantly in terms of their macro-habitat type selection, and (ii) significant seasonal influ-
ence on habitat selection of each species. Null models for niche overlap showed a significantly lower overlap
in macro-habitat type use between manatee and crocodiles, whereas the two crocodiles were relatively simi-
lar. Null model analyses did not indicate any competitive interactions between crocodiles. On the other hand,
manatees avoided macro-habitats where crocodiles, and especially West African crocodiles, are abundant.

1 Introduction Being the behavioral component of a species’ distribution
(Godin, 1997), habitat selection may provide a crucial link
between behavioral ecology and population ecology (Rock

Habitat selection is defined as a non-random use of spacgood, 2007). Indeed, studies of habitat preferences may ha

by animals resulting from voluntary movements, which can deep impact for not only studies in population ecology buf

range from simple locomotor responses to behaviorally sog|so for conservation when threatened species are involve
phisticated decisions concerning the allocation of time to dif-(e g., Jones, 2001; Morris, 2003). Therefore, habitat sele
ferent parts of a familiar home range (Dill, 1987; Krebs and tion theory has been applied to solve numerous problem

Kacelnik, 1991). Habitat selection depends greatly on scalejn the conservation and management of wildlife (Morris,

and in animals that move betweenfdrent environments at 1996, 2003).

different stages of their life cycle, it may be a hierarchic pro-  Animals commonly choose among habitats théediboth

cess with various habitat types being selected depending o foraging returns and mortality hazard (Gilliam and Frazer

the proximate needs of the organisms involved (Dill, 1987;1987). Hence, habitat selection is an important element fo

Godin, 1997). Hence, habitat selection is often used as syndetermining the density of natural populations of prey, giver|

onymous of habitat preference, and is a measure of the dehat prey species must adapt their behaviour to avoid pre

gree to which one habitat is selected over another (e.g., Johrtation (Ricklefs, 1976) and often actively select particular
son, 1980; Wootton, 1992; Godin, 1997; Pringle et al., 2003).
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habitat types to minimize risks of predation (Crowder and 2. The dwarf crocodile@steolaemus tetraspighe small-

Cooper, 1982; Wootton, 1992; Bowyer et al., 1999; Fortin
et al., 2005; Fischhd et al., 2007). In case of threatened
species, it may be of great importance to evaluate to what ex-
tent prey behaviour and populations are determined by pur-
suit of resources versus avoidance of predation. Indeed, in

theory, high population densities of predators miga the

conservation programmes for threatened prey species (Roby

et al., 2003; Roemer et al., 2006).

est crocodile of the world is linked to rainforest ecosys-
tems (Riley and Huchzermeyer, 1999). It is considered
as Vulnerable by IUCN (2011). This species can reach
about 2m in length, and feeds mainly crustaceans, fish
and small vertebrates (Luiselli et al., 1999; Riley and
Huchzermeyer, 2000); this species has been recently
splitted from Congo basin populations (which have been
namedOsteolaemus osborriaton et al., 2009).

tion of two crocodile species and one sirenid species which 3.
inhabit the freshwater ecosystems of the Niger Delta re-
gion (southern Nigeria). More in detail, we analyzed the
role of habitat selection (i) in the prey-predator relation-
ships between crocodiles and manatees, and (ii) the poten-
tial interspecific competition for space of the two sympatric
crocodiles. We quantified:

1. The frequency of records of crocodiles and manatees i

In this study, we analyzed the patterns of habitat selec- ) , )
The African manateeTfichechus senegalengisvul-

nerable in the whole of its range (Nishivaki, 1984;
Reeves et al., 1988; Grigione, 1996; IUCN, 2011), is
still a largely unknown herbivore (Reeves et al., 1988;
Kane, 1999) despite it has a broad distribution across
the main estuaries and rivers in West Africa (Silva and
Araljo, 2001).

It is known that African manatees do not have natural preda-
relation to main macro-habitat tvpes. habitat tvpe ava“_qors apart from humans, sharks and crocodiles (Emanoil,
YPes, yp 1994). Hence, it is likely that manatees are potentially preyed

fant gven hat arge crocodles ae hought 0 be he anly PO DYC: Suchusn the Niger Dela vietands, although no
9 9 9 Yield study on the diets of these crocodiles have been con-

predators of manatees together with sharks and human ucted locally
(Emanoil, 1994; Grigione, 1996), and interspecific com- '
petition may drive habitat separation between sympatric
crocodiles (Magnusson, 1985). 2.2 Study area

_ . The study was carried out in the territory of the River Niger
- The seasonal vanations of habitat _prefere_n(_;e_s fre'Delta, in southern Nigeria (Fig. 1). This is a densely popu-
guented by both manatees and crocodiles. This is impory,;oq region, extending over about 70 000%and makes up
tant because strong inter-seasonal habitat use variatio 50 of Nig’eria’s land mass, which consists of present day
should be expected in freshwater vertebrates inhabitingB'(,le(:)Isa Delta. and Rivers St’ates and in the so-called “South
tropical Alrica ecosystems (e.g., Dudgeon, 2000; ShineSouth Z,one", :';I|SO Akwa Ibom S{ate, Bayelsa State, Cross
and Brown, 2008). River State, Delta State, Edo State, and Rivers State. The

We also discuss the main results of this project in the lightdeltais an oil-rich region and is currently one of the most de-
of conservation implications, given that all species studiedV€loped regions in Africa (De Montclos, 1984). The delta is

here are under threats infitirent ways (IUCN, 2011) and also a conservation priority area, given that it is part of an im-
the Niger Delta environment is one of the most fragile of Portant eco-region (Olson et al., 2001) and one of the earth’s

western Africa (e.g., De Montclos, 1984).

biodiversity hotspots (Myers et al., 2000). Along its south-

2 Materials and methods

2.1 Study species

The species under study are:

1. The West African crocodileGrocodylus suchys re-
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ern side, the Niger Delta swamp forests is separated from
the Atlantic Ocean by a band of mangroves, which can reach
up to 10 km inland. In front of the mangrove belt and close
to the sea are ephemeral coastal barrier islands. Over time,
the decreasing slope gradient of the Niger River bed and as-
sociated lower stream velocities has resulted in an increase
of tidal activity in the exits of the humerous distributaries of
the River Niger, resulting in the formation of these Coastal
cently separated frortrocodylus niloticuson the ba-  Barrier Islands (NEDECO, 1961). The climate of the Niger
sis of genetic and molecular evidence (Hekkala et al.,Delta is characterized by a long rainy season from March-
2011), is a large species up to 5 m long which may feedApril through October. Precipitation increases from the north
upon large prey including ungulates, big cats, and everof the delta (with an average of 2500 mm) to the coastal area
humans (Welby Aust, 2009). Recent surveys indicatedwhere mean annual rainfall averages around 4000 mm, mak-
that C. suchudgs declining or went extinct throughout ing it one of the wettest areas in Africa. The wet season peaks
much of its distributional range (Hekkala et al., 2011) in July, and the only dry months are January and February.
despite not yet being recognized as distinct fr@m  However, even during this dry period an average monthly
niloticusby IUCN (2011) lists. mean of 150 mm rainfall is recorded in the delta.
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village reported a given piece of information (for instance,

h i Okiffwi a precise encounter event with a manatee) and (ii) these in-
DEL 1:" Ri terviews showed to be consistently reliable by reporting part
¢ e 0.'. IM® ) ticulars of these events. Based on these criteria, we did not
g - Y Ower\__ J consider about 30 % of the interview data (Akani et al., un-
% .?‘ published data). As for market specimens, for all reliable in
° “ ON¥9 R VERS terview data we recorded also the exact locality of the sight-
i og® N Aba inggcapture.
Lada [ 4 A \ Macro-habitat types were divided into the following cat-
(] .' ‘.. egories: (i) coast, i.e., marine sides of the Nigerian coasts;
b ° ! ° "..' * o (i) mangrove, i.e., all river and creek tracts with brackish wa-
°® e 3 ter and mangroveshizophoraandAvicenniaspp.) on their
L 0e® Jo oo ; SR ' L
mangrove ~ ° banks; (iii) lagoons (including in this category also riverine
I d sites with very wide bed and slowly running current, and
lakes); (iv) rivers, i.e., freshwater tracts of main river axis (for

Figure 1. Map of the Niger Delta region, southern Nigeria (West Instance, Rivers nger} Nun, Sambreiro, Orashi, New Caly
Africa). Dots indicate study sites from where interview and sighting 2P2" €tc); (V) creeks, i.e., the network of freshwater creeks
data were obtained. connecting the various rivers. Records from freshwater pond
and swamps inside forests patches were assigned to either
rivers or creeks depending on their linear distance with th
23 Protocol closest creek or river.

n

0%

Field research was (_:onducted between September 1994 aréc.j4 Statistical analyses
September 2010, with anffert of over 100 days per year

(in total, over 16 000 h in the field). Data on crocodiles and All variables were tested for normality and homoscedast
manatees were collected while the study area was carefullicity prior applying parametric tests. When non-normal,
explored for research on freshwater and coastal vertebrateson parametric tests were usegd. tests were applied to
including snakes (e.g., Luiselli, 2006), turtles (e.g., Luiselli explore diferences in observed frequencies of crocodiles
et al., 2006), marine turtles (e.g., Akani and Luiselli, 2009) and manatees among macro-habitat types in relation to ex
and crocodiles (Akani et al., 1998; Luiselli et al., 1999). Most pected use if records are randomly assigned to habitats ac-
of the surveys were done as parts of extensive field works lo€ording to their availability. In order to evaluate habitat
gistically organized by international oil companies, mainly niche breadth by species, we used Simpson’s diversity i
T.S.K.J. Nigeria Ltd., ENI, Snamprogetti and Nigerian Agip dex (Begon et al., 1996). We used EcoSim software (Act
Oil Company. Over 100 sites located in the vicinities of quired Intelligence Corp., Kesey-Bear) to calculate overlap
creeks, rivers, ponds, marshes, lagoons, and along the coastelices and generate Monte Carlo simulations. All othe
were surveyed. These sites covered the whole Niger Deltanalyses were conducted using SPSS (SPSS 11.0 for Win-
territory and all macro-habitat types (Fig. 1). These sitesdows) and Statistica (Statistica 6.4 for Windows); all tests
were classified according to habitat type, with the assumpwere two-tailed with error probability set at 0.05. To evalu-
tion that sites were located at random in respect to habitatate whether the frequency distribution of the various species
The presence of crocodiles dodmanatees was ascertained was structured randomly, we contrasted the data matrix wit
by (i) visual sightings (crocodiles), (ii) examination of spec- random “pseudo-communities” generated by Monte Carlg
imens or parts of specimens traded in local bush-meat marsimulations (Gotelli and Graves, 1996). We calculated Pi
kets or in fetish (ju-ju) markets, (iii) interviews with experi- anka’s (1986) overlap formula for crocodiles and mana
enced huntefishermen (particularly for manatee; Akani et tees and randomized the original species utilization matri
al., 1998). Visual sightings were done during random surveyses from which Pianka'’s overlap was calculated byfiimg

(by walking or by canoe) conducted throughout every habitatthe original values among resource states. We used two ran-
potentially available to crocodiles and manatees, essentiallglomization algorithms (RA2 and RA3), as they are partic-
during daylight hours but also in late evening and at nightularly robust for niche overlap studies (Gotelli and Graves
(Akani et al., 1998). Hundreds of kilometers of rivers and 1996). RA2 tests for structure in the generalist-specialist n3
creeks were also covered by means of motor-boats (Akani eture of the resource utilization matrix by conserving guild
al., 1998). We considered only market records for which it structure, but destroying observed niche breadth (Gotelli an
was possible to ascertain the exact locality of capture of theGraves, 1996). RA3 tests for guild structure by conserving
traded individuals. Hence, we did not consider about 37 % ofniche breadth for each species, but destroying guild strug
the specimens traded (mainly crocodiles). Interviews wereture manifested by the resource utilization matrix's zerg
accepted only when (i) more than one hunter from a samestructure (Gotelli and Graves, 1996). For each pair of specie
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70 - 3 Results

B Manatee
B0 4 mWest African crocodile 3.1 Record frequency of manatee and crocodiles by
macro-habitat type

ODwarf crocadile

01  Avalablliy Habitat type availability was significantly uneven, with la-

goons being the least available habitat and rivers and creeks
20 - — being the most available habitajg = 49,df = 4, P < 0.001;
Fig. 2).

. L Overall, we collected 75 records of manatees, 94 records
of West African crocodiles and 344 records of dwarf
crocodiles with macro-habitat type precisely recorded. The

% of observations

20.:- three species fiered significantly in terms of their macro-
habitat type selectiony€ = 494,df = 14, P < 0.001; Fig. 2).
In addition, the frequency of observations in the various habi-
tat types of each species was significantlfedient from that
expected on the basis of the relative habitat type availabil-
ity (calculated on the absolute values and not on the percent-
ages). More in detail, the manatee was found more frequently
than expected in lagoons and rivers and less frequently than
Figure 2. Percent of records of manatee and crocodiles by macro€xpected in creeks§ = 140, df =4, P < 0.001). The West
habitat type in southern Nigeria. African crocodile was observed more frequently than ex-
pected in mangroves and less frequently than expected in
rivers (2 = 34, df =4, P < 0.001). The dwarf crocodile was
3x 10* random Monte Carlo permutations were generated recorded significantly more than expected in creeks and sig-
This amount ensures that algorithm biases are minimizedhificantly less than expected in mangrove$ £ 141,df =4,
(Lehsten and Harmand, 2006; Luiselli, 2008). Niche overlapP < 0.001). Pooling rivers and creeks in the category “fresh-
values were calculated for each of these randomly generateg@aters”, lagoons and mangroves in the category “brack-
matrices, and species-pair and community-summary statisish waters”, and considering marine (coastal) habitats as a
tics were computed. Actual overlap values were then com+hird category, it resulted a significant preference of dwarf
pared to the distributions of expected values. Structure wagrocodiles for freshwatersgf = 119, df =2, P < 0.001), of
assumed whemopscexp = 0.05 (Gotelli and Graves, 1996). West African crocodiles for brackish watesg 13, df = 2,
In all cases, equiprobable habitat resource use was assum@d< 0.001), with the manatee inhabiting freshwaters, brack-
a priori in the analyses. Based on tR@pservedexpectedy@Nd  ish waters, as well as marine (coastal) habitat$=(30,
P(observegexpected) Values with RA2 angbr RA3, we distin-  df =2, P < 0.001). There was no significant relationship be-
guished three cases: (i) Wh@observegexpected)< 0.05, then  tween availability in the field and use of the various habi-
the structure of the assemblage is non-random; (ii) whentat types by crocodiles (Pearson’s correlationficient after
both P(opserveexpected)@Nd Piobservedexpecteq)@re > 0.05, then  arc-sine transformation of the data — West African crocodile:
the structure is random; (iii) wheR(observedexpected)< 0.05,  r = -0.029, P = 0.96; dwarf crocodiler = —0.37, P = 0.39)
then there is aggregated use of a particular habitat resourcend manatee (= —0.26, P = 0.57).
(Gotelli and Graves, 1996; Luiselli, 2008). More in detail,  Simpson’s index of habitat niche breadth revealed that
a nonrandom assemblage pattern may have several explan@warf crocodiles were the most specialized of the three
tions, among which is (i) competition (Gotelli and Graves, taxa studied in terms of macro-habitat type uSe=(0.45),
1996), (i) the fact that species use — based dfedént evo-  with West African crocodiles being intermediat® & 0.58)
lutionary trajectories — dlierent habitats (Vitt and Pianka, and the manatee being the least specialifd(0.67). The
2005), and (iii) in prey-predator systems (as in our case fordifferences among species were statistically significant af-
the pair manatee and crocodiles) the lower overlap than exter 5000 Monte Carlo randomizations (obsernfed 1953,
pected by chance may be due to predator avoidance by theseudoF = 1.46, variance of the Pseudovalues=4.8,P <
prey. 0.004).

For all three pairs of species we found no sig-
nificant deviation from the null models (observed in-
dex=0.481; RA2 algorithm — simulated mear®.657, simu-
lated variance: 0.014, Pgpservegexpectedy= 0.086; RA3 algo-
rithm — simulated mean 0.487, simulated varianee0.022,
P(observed;expected)z 0-560)-

10 -

coast mangrove lagoons rivers creeks

Macro-hahitat type and availahility
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70 1 Manatee
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50 OWest African crocodile
2 ODwarf crocodile
.é_ 40 A West African 0.819 Dwarf
5 crocodile crocodile
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2 (b)  Manatee Manatee
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coast mangrove lagoons nvers creeks West African  0.745 Dwarf West African 0.842 Dwarf
Macro-habitat type crocodile crocodile crocodile crocodile
wet season dryseason
80 - b Figure 4. Macro-habitat niche overlap values between crocodiles
(b) - and manatee at the study aréa).seasons pooledb) seasons sep-
20 mManatee arated.
60 4 OWestAfrican crocodile

ODwarf crocodile

—

remarkably during the wet season (Fig. 4b). Conversely, Wes
African and dwarf crocodiles showed high overlap values in

30 4 both seasons (Fig. 4b). For all three pairs of species we found
no significant deviation from the null models during both the

= ] dry season and the wet seasén~(0.1 in all cases).

10 1

0 T T T T |

4 Discussion

% of sightings
s
(=]

coast mangrove lagoons rivers creeks

Macro-habitat type 4.1 Macro-habitat niches

Eﬁf&iiﬁygf :ﬁesnc:&fhﬁiorr\ﬂ;;f.;n 33?52651zweirggg(ggf;n‘;ytﬂ“ea"“’bur study documented a preference for freshwater bodies by
dry seasoifb). dwarf crocodiles and for brackish waters by West African
crocodiles. Manatees were found in all types of waters, with

a preference for rivers and for a particular type of brackish
waters, lagoons.
The preference of dwarf crocodiles for freshwaters is cont
sistent with earlier literature, reporting that they often in-
The distribution of records for both crocodiles and manateehabit even ponds within the rainforest (e.g., Kofron, 1992
across habitat types and by season is given in Fig. 3. Therdkani et al., 1998; Riley and Huchzermeyer, 1999). More
were marginally significant seasonalfdrences in macro- precisely, the primary habitats used by this species are sea-
habitat preferences by West African crocodilgg £ 22, sonally flooded swamp-forests in the Niger Delta (this study
df =3, P=0.051), whereas the inter-seasondfeliences in  Luiselli et al., 1999) and elsewhere (Riley and Huchzer-
macro-habitat use were highly significant in dwarf crocodilesmeyer, 1999). Although dwarf crocodiles were not found in
2 =30,df =2, P =0.0032) and manateeg = 8.8, df =4, mangroves in our study area, they may inhabit this type of
P =0.026). More in detail, the inter-seasonalffdiences habitat in Gabon (Pauwels et al., 2007).
depended on a higher use of (i) creeks by West African The preference of West African crocodiles for mangroves
crocodiles during the wet season, and (ii) creeks by dwarfand hence brackish water, is probably linked to the local en
crocodiles during the dry season, and (iii) rivers by manateeyironmental characteristics. Indeed, in the Niger Delta re
during the wet season. Manatees also (iv) showed a signifigion, freshwaters are typically rainforest rivers, and this large
cantly least use of coasts during the wet season. crocodile is well known to avoid water courses with rain-
Manatees showed low overlap in macro-habitat type usdorest banks (Dore, 1996; Shirley et al., 2009). It inhabits
with West African crocodiles in both wet and dry seasonsfreshwater courses in the northern Nigeria, where rivers cross
(Fig. 4a for data pooled inter-seasonally and Fig. 4b forthrough savannah areas (Dore, 1996; Martin, 2008). In Eas
data separated by season), whereas their overlap with dwa¥frica, the Nile crocodile Crocodylus niloticuy the sister
crocodiles was also low during the dry season but increasedpecies withC. suchusalso inhabits large rivers and creeks

3.2 Seasonal variations of records of manatee and
crocodiles by macro-habitat type

D
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into the savannah belt, and mangrove creeks as well (Thoren their need of escaping from dryindt @f forest ponds
bjarnarson et al., 1992 rocodylus suchuss also known to  which typically occurs during the dry months. Indeed, for-
inhabit a wide range of habitats, from small marshes in theest ponds inundated during the wet months and swamps are
Sahel (Drake et al., 2011) to rainforest localities in the Upperthe usual habitat of dwarf crocodiles (Thorbjarnarson et al.,
Guinea Forest Basin countries (e.g., Hekkala et al., 2011; thi4992; Luiselli et al., 1999; Riley and Huchzermeyer, 1999),
study), and are also known to be abundant in coastal lagoonshere they haunt and breed (Kofron and Steiner, 1994).
and in marine environments in the whole of West African re- However, when these ponds dr¥f,othe crocodiles should
gion (Shirley et al., 2009; Fergusson, 2010). Thus, our data aémigrate, and they likely select creeks because of reasons of
the regional level fully confirms anecdotal information avail- proximity with their ponds and possibly anti-predatory rea-
able from the whole range of the species. sons (see below).

Manatees exhibited the widest macro-habitat type niche Concerning West African crocodiles, we propose that its
compared to both crocodile species, with dwarf crocodileshigher use of creeks during the wet season may depend on
exhibiting the narrowest niche width. Indeed, manatees alsdhe need of finding open, sunny and sandy areas in which
habitually inhabit both saltwater areas along the coasts (thuso deposit their eggs, analogously to what happens with the
contradicting Nishiwaki et al., 1982) and mangrove zonesNile crocodile (see Leslie and Spotila, 2001). Indeed, it is a
other than freshwater rivers (Emanoil, 1994; Schuhmanhngeneral trend for crocodiles to show egg hatching during the
1995; Silva and Arajo, 2001). Similar habitat utilization initial rise in water level at the beginning of the wet seasons
was also reported for West Indi@nichechus manatudow- (e.g., Thorbjarnarson and Hemdez, 1993).
ell et al., 1981; Olivera-Gomez and Mellinck, 2005). Thus,
our data confirm a general pattern forichechusspecies
with a combination of saltwater, brackish water and fresh-
water systems, represented by rivers, channels and lagoons,
being crucial habitats for manatee worldwide (Powell et al., Our null model analyses revealed no indication of competi-
1981; Olivera-Gomez and Mellinck, 2009yichechus man- tive interactions between the two crocodile species. We sug-
atus presence was also found to be correlated with vege-gestthat dierences in body size between these species (West
tation cover by aquatic macrophytes (shoal grass and widAfrican crocodiles being twice as big as a dwarf crocodile
geon grass), as these large mammals feed upon these plams average) may producefiirences in diet, thus minimiz-
(Olivera-Gomez and Mellinck, 2005). The same may well ing competition intensity between these species, as already
be true for African manatees, which are often sighted closedemonstrated for other reptiles (Pianka, 1973, 1986). Indeed,
to floating aquatic macrophytes, water lillilymphaea lo-  the two crocodiles also fier in diet composition, with West
tus) and water lettuceRistia stratiotey which are domi-  African crocodiles feeding on small up to large prey (includ-
nant in Niger Delta watercourses (Arimoro et al., 2007). ing ungulates and humans; Cott, 1961; Hutton, 1987) and
African manatees have been also reported to feed on mardwarf crocodiles feeding on crabs, fish, arthropods, small
grove Rhizophorasp.) leaves (Husar, 1978; Domning and vertebrates and even fruits (Luiselli et al., 1999; Pauwels et
Hayek, 1986; Reeves et al., 1988), so their sporadic presencd., 2007). Moreover, our results clearly show that the two
within the mangrove belt at our study region can also be duespecies dter in habitat use, although we could not exclude
to foraging. that habitat type divergence may have been driven by the

competition past (Connell, 1980).

4.3 Is there any interspecific competition between
crocodiles?

4.2 Seasonal variations in macro-habitat use
.4 Does crocodile-avoidance behaviour drive habitat

. 4
Our study suggested that season influenced remarkably selection of African manatees?

macro-habitat selection of both manatees and crocodiles.
Considering that the knowledge of the ecology of theseDespite the manatee showed a significantly wider habi-
species is still limited, it is uncertain which reasons are be-tat niche breadth than crocodiles (thus suggesting a higher
hind the seasonal patterns observed. Nevertheless, we cadaptability to the range of habitat types available in the
provide some hypotheses, which all need further investigastudy region), our correlation analyses suggested that it ac-
tions. Concerning manatees, their higher use of rivers durtively selected habitats which were poorly available in the
ing the wet season may be due to foraging reasons, giveregion, contrary to what both crocodile species did. Hence,
that remarkable increase of floating weed of several plantsve suggest that manatees search specifically poorly available
eaten by manatees (e.flymphaea lotusPistia stratiotes habitat types among the wide variety they are tolerant to, in
Rhizophora racemo$adccurs at the onset of the wet sea- order to minimize encounters with their potential predators
son in the Nigerian rivers (Hall and Okali, 1974; Fernandes,(i.e., crocodiles).
1999; Mohammed and Awodoayin, 2008). However, in quantitative terms of the factors influencing
With regards to the dwarf crocodile, we suggest that itshabitat selection by manatees in West Africa are unkown,
increased use of creeks during the dry season may deperalthough qualitative observations have been done in Guinea
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Bissau (Silva and Arigjo, 2001), Sierra Leone (Reeves et al., ported for wet season samplings in Korup region (Grigione
1988), Cameroon (Grigione, 1996), and Nigeria (Sodeinde1996). Indeed, highest manatee abundance is at the conf
1993; Angelici et al., 2001; Blench, 2007). Dwarf crocodiles ence of the Cross and Munaya Rivers where three to fiv
are certainly too small to constitute a threat for manatees. I'manatees are seen during one sighting several times ea
contrast, adult West African crocodiles can prey on juvenileyear (Grigione, 1996). We also strongly advice scientists t
manatees, although adult manatees (weighing up to abougtudy very carefully manatee habitat selection in relatior
500 Kg, see Nowak, 1999) are too large for them. If there-to crocodiles,because crocodiles may be among the ma
fore manatees do avoid West African crocodiles, we woulddrivers of local habitat selection of these large aquatic mam

expect to find a low overlap between these species in termmals. Indeed, predation rates can be a serious supplementary

of macro-habitat type use. Our data showed that manateeassk for threatened species (Hecht and Nickerson, 1999), an
are mainly found in macro-habitat types (coasts, lagoons anéh some cases it has even been advised that a predator’s poj
rivers) where West African crocodiles are rarely found, andlation removal may be anffective measure for conservation

apparently do not frequently occur in macro-habitat typesof threatened species (@aind Suntherland, 1997; Martin et

(creeks and mangroves) where the density of West Africaral., 2010).

crocodiles is higher. Although species-specifiatiences in Concerning crocodiles, our data showed that, at the o
habitat requirements may be the cause of the observed patal scale of Niger delta, dwarf crocodiles are much more
terns (see above), this may also be interpreted as active avoiédbundant than West African crocodiles. This pattern is prob
ance by manatees of West African crocodiles. Indeed, Nigeably linked to the huge extension of the network of small
rian manatees showed a wider macro-habitat type niche thaoreeks, swamps, and ponds in flooded and swamp-fores
West African crocodiles, and hence they would have beerwhich are found in Niger Delta and which are well known to
expected to occur frequently also in zones used by their pobe the favourite habitat for dwarf crocodiles (Thorbjarnarsor
tential predators. For a more convincing test whether manet al., 1992; Luiselli et al., 1999; Riley and Huchzermeyer
atees really avoid West African crocodiles, we would need1999). Concerning the West African crocodile, it should be
comparisons of regions where crocodiles are abundant witoted that this species is particularly vulnerable to extinc
regions where they are rare, and analysing how habitat setion because of its rarity and restricted occurrence (Hekkal
lection by manatees would change. We predict that manateest al., 2011), especially in countries where illegal harves
would appear more habitat generalists and more abundant iaf skins, the bushmeat trade, and damage to wetlands a
mangroves and creeks, in crocodile-depleted areas. Unfortuargely unregulated (Shirley et al., 2009). In southern Nige
nately, however, no comparative data on the abundances arrih, both bush-meat trade and wetland habitat loss and po
habitat selection of crocodiles and manatees are available tlution are rampant (Akani et al., 1998; Luiselli et al., 2006),
date (Thorbjarnarson et al., 1992). As a final consideration, iland are certainlyfecting crocodile survival. These potential

should be mentioned that our manatee records, being basdtreats should be carefully monitored in the years to come.

essentially on interviews, may be somewhat biased compareHxactly the same potential threats are alffieaing dwarf
to crocodile records which were almost entirely direct sight- crocodile populations. Currently, the populations of dwarf
ings. crocodile are still abundant in the Niger Delta region, but
specifically focused population studies are needed in order {
verify whether their relative abundance is stable or is chang
ing across recent years. No studies of this type are availab
The data presented here are also potentially of value unas yet.
der the conservation point of view, given that both the
dwarf crocodile Qsteolaemus tetraspisand the manatee
(Trichechus senegalenyiare Vulnerable (IUCN, 2011) and Acknowled_geme'nts. The p_roje_ct was _fundgd by Ente Naziongle
that the assessment statusbcodylus suchuis urgently ~ 'drocarburi (Eni S.p.A.), Nigerian Agip Oil Company, and in-
required. The manatee population in West Africa is reporteddlre(:tly by Turtle Conservation Fund (all funds to L. Luiselli).
to have declined, but the species’ present range appears f
be similar to historic reports (IUCN, 2011). At least for the
manatee, it has been demonstrated previously that areas Withyited py: J. Stadler
highest densities lie in close proximity between Cameroonreviewed by: two anonymous referees
and Nigeria, and that successful manatee conservation will
involve working with both Nigerian and Cameroonian com-
munities in order to determine what type of conservation
strategy will be mostféective (Grigione, 1996).

In terms of population abundance, manatees in Nige-
ria seem by far rarer than in adjacent Cameroon, where a
spotting density of up to five individuals per day was re-

4.5 Conservation considerations
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