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The Moroccan spadefoot toad (Pelobates varaldii) has received little scientific attention since its discovery.
Currently, 22 varaldii is listed as Endangered on the IUCN Red List due to a multitude of threats, while its
distribution is partially unknown and fragmented. The current study addresses distribution, threats and the
potential niche using ecological niche modelling, while emphasizing conservation strategies and immediate
actions. The distribution of P varaldii can be divided into four disjunct areas, at least two of which consist
of small populations. The largest threats to 2 varaldii include the transformation of habitat and breeding
ponds into agricultural and industrial areas, the pollution of breeding ponds due to extensive livestock pas-
turing and the possible expansion of Procambarus sp. into the Mamora cork oak forest. Additional threats
constitute a reduction of gene flow and loss of genetic variability as a result of habitat fragmentation. The
ecological niche models (ENMs) of P varaldii revealed fundamental environmental conditions along parts of
the northeast Moroccan Atlantic and Mediterranean coastline. The species mainly inhabits well vegetated
areas upon Quaternary soils at low altitudes. Proposed conservation actions include the development of a
biannual monitoring program, identification and designation of protected areas within the distribution and
development of a management plan for Mamora forest.
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Revisién de la distribucién, idoneidad del hébitat y conservacién del amenazado endemismo sapo de espue-
las marroqui (Pelobates varaldii). Desde su descubrimiento, el sapo de espuelas marroqui (Pelobates varaldii)
ha recibido poca atencién por parte de la comunidad cientifica. Como consecuencia de multitud de amena-
zas, 12 varaldii estd actualmente catalogado como En Peligro de Extincién en la lista roja de la UICN, siendo
su distribucién muy fragmentada y no completamente conocida. El presente estudio analiza su distribucién,
amenazas y nicho potencial utilizando el modelado de nicho ecoldgico al tiempo que se enfatiza en posibles
estrategias de conservacion y acciones inmediatas. La distribucion de 2 varaldii puede dividirse en cuatro
dreas disyuntas, al menos dos de las cuales corresponden a poblaciones de pequefio tamafo. Las mayores ame-
nazas para P varaldii incluyen la transformacién de su hdbitat y medios de reproduccién en dreas agricolas e
industriales, la contaminacién de sus charcas de reproduccién como consecuencia de la ganaderia extensiva y
la posible expansién de Procambarus sp. hacia el alcornocal de Mamora. La reduccién del flujo genético y pér-
dida de variabilidad genética como consecuencia de la fragmentacién del hdbitat constituyen amenazas adi-
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cionales. Los Modelos de Nicho Ecolégico (ENMs) de P wvaraldii revelaron determinadas condiciones

ambientales fundamentales a lo largo de algunos sectores de las costas atldntica y mediterrdnea del nordeste

de Marruecos. La especie habita principalmente en 4reas con vegetacién ubicadas sobre sustratos cuaternarios

a baja altitud. Las acciones de conservacién propuestas incluyen el desarrollo de un programa de seguimien-

to bianual, la identificacién y designacién de 4reas protegidas dentro del rango de distribucién y el desarro-

llo de un plan de gestién del alcornocal de Mamora.

Key words: Anura; conservacién; idoneidad del hdbitat; Maxent; Marruecos; NDVIL

The Moroccan spadefoot toad (Pelobates
varaldii) was first mentioned in the literature by
PELLEGRIN (1925) under the denomination
Pelobates cultripes (Cuvier, 1829) before it was
described as a separate species by PASTEUR &
Bons (1959), based on morphological and
osteological characters. Subsequently, the spe-
cies received little scientific attention until
BUSACK et al. (1985) confirmed differentiation
between P varaldii and P cultripes based on elec-
trophoretical and immunological analyses, and
suggested the species to have diverged since the
Early Pliocene. In recent years, GARCIA-PARIS ez
al. (2003) and VEITH ez al. (2006) found a well-
supported sister taxon relationship between P
varaldii and P cultripes, which, according to
their results, likely diverged after the collapse of
the Gibraltar land bridge during the end of the
Messinian  salinity crisis, approximately 5.3
millions of years ago (KRUGSMAN ez al., 1999).

The distribution of 2 varaldii was long con-
sidered to be confined to a rectangle delimited
by the towns Mehdia, Sidi Slimane, Khemisset
and Rabat, until DORDA DORDA (1984) recor-
ded the species 20 km south of Larache, thus
expanding the range of the species about 70
km northwards. A few years later, DESTRE e 4.
(1989) significantly increased the range of the
species southwards to Bir Jdid, the mouth of
the Oued Nefifikh and Oualidia, as well as
northwards into the town of Larache. BONS &
GENIEZ (1996) provided an overview of all the

known localities up to that point and provided
the first detailed distribution map (51 unique
localities). The confirmation of the species near
Oualidia, with the finding of live specimens in
2001 by CROCHET & GENIEZ (2003) and in
2007 (J.M. Thirion, A. Portheault, P. Evrard,
personal communication) not only confirmed
the records of DESTRE et 4l (1989), but also
definitely increased the range of P varaldii 190
km southwards. More recently, GUZMAN et al.
(2007) expanded the range of the species
several kilometres eastwards with records just
south of Quezzane, while LAPENA et al
(2011) reported the species between Asilah
and Tangier, extending the distribution
around 50 km northwards.

Despite these recent range extensions, I
varaldii is currently listed as Endangered
(B2ab(iii)) on the IUCN Red List because its
area of occupancy is probably less than 500 km?,
the distribution is severely fragmented, and
there is a continuing decline in the extent and
quality of its habitat in Morocco (SALVADOR e#
al., 2004; PLEGUEZUELOS et al, 2010).
Additionally, the species does not occur in any
protected area (DE POUS ez al., 2011). The main
threats to 2 varaldii include the transformation
of habitat and breeding ponds into agricultural
and industrial areas, intensification of livestock
pasturing, including the pollution of stagnant
waters with livestock droppings (e.g. KNUTSON
etal., 2004), while arable agriculture may be lea-
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ding to the loss or disturbance of the sandy subs-
trate, which the species is strongly associated
with. Populations of P varaldii are now often
restricted to the direct vicinity of temporary
ponds, and those remaining in permanent water
bodies are being eliminated through the presen-
ce of the predatory mosquito fish Gambusia hol-
brooki (SALVADOR et al., 2004; authors' personal
observation). The Evolutionary Distinctive and
Globally Endangered (EDGE) program of the
Zoological Society of London recently listed 2
varaldii on place 36 of their EDGE global
amphibian top 100 (ISAAC ez al., 2007), making
a review of the species distribution, conservation
status and range wide threats highly preferred.
In this paper we aim at: (1) reviewing the
complete distribution of P varaldii, (2) iden-
tifying threats, (3) analysing habitat suitability

and (4) emphasizing conservation strategies.
MATERIALS AND METHODS
Species occurrence records

From December 2008 until April 2009 and
from January undil the end of February 2010,
the entire distribution range of P varaldii was
visited to collect data on distribution and thre-
ats. Suitable areas characterized by presence of
temporary ponds were selected with the use of
satellite images (Google Earth®), preliminary
ecological niche models (ENMs) and maps of
the area (1:50 000). Larvae were sampled by
standardized dip netting of temporary ponds
using a 55 x 70 cm dip net with a mesh width
of 3 mm. Dip netting is a standard technique
used to sample amphibian assemblages in len-
tic habitats (SHAFFER et al, 1994) and sam-
pling of larvae is in the case of such a rare, noc-
turnal and fossorial species more appropriate.

Additionally, adults were searched for during
night time surveys (visual encounter surveys
and road surveys). GPS coordinates (WGS
1984) of each locality were taken and descrip-
tions of habitat, possible threats and popula-
tion status were noted.

A total of 220 distribution records were
assembled from literature and fieldwork. The
distribution records went through a process
of filtering such as removing duplicate
records within unique grid cells in ENMtools
1.3 (WARREN ez al., 2010) and thinning of
dense clusters using a kernel density grid as
implemented in the Java program
OccurrenceThinner v.1.0.2 (VERBRUGGEN,
2012). After filtering, a total of 43 distribu-
tion records were used for ENM. Most of
these records (N = 41) were collected in the
field using GPS devices while additional
records (N = 2) were derived from GUZMAN
et al. (2007) and LAPENA ez 2/ (2011).

Ecological niche modelling

Initially, a total of 19 BioClim variables
and altitude were downloaded from the
WorldClim database version 1.4 (HIJMANS et
al., 2005a) to form the climatic dataset
(HyMANS et al., 2005b) at a resolution of 30
arc seconds (nearly 1 x 1 km). Additionally, a
categorical normalized difference vegetation
index (NDVI) and superficial geology were
obtained from BEUKEMA et 4/ (2010) and
downloaded from PERSITS er al. (1997), res-
pectively. Collinearity of the variables was
measured with Pearson’s correlation coeffi-
cient in ENMtools 1.3. A total of 11 varia-
bles, all of which had a correlation degree
lower than 0.75 (Pearson coefficient) were
retained. Selection of predictor variables was



60 DE POUS ET AL.

based on ecological understanding of the spe-
cies (e.g. rainfall in the breeding season).
The models were generated by the presen-
ce/background algorithm Maxent, version
3.3.3k (PHILLIPS et al, 2006; PHILLIPS &
Dubik, 2008). It has been shown that Maxent
produces high quality predictions that are often
more successful when evaluated and compared
with other predictive models (HERNANDEZ e#
al., 2006; JIMENEZ-VALVERDE et al., 2008;
GIOVANELLI ez al., 2010). Additionally, Maxent
has a successful prediction power even when
using low sample sizes (PEARSON e al., 2007;
Wisz et al., 2008). This algorithm uses environ-
mental parameters in combination with geogra-
phical coordinates in order to predict the distri-
bution of the species of interest. Maximum
entropy is achieved by the constraint that the
expected value for each variable under the esti-
mated distribution has to match its empirical
average — the mean value of a random set of
coordinates within the distribution (PHILLIPS ez
al., 2006) —. In other words, the model minimi-

Figure 1: Overview map of the
Kingdom of Morocco with an
identification of altitude (darker
colours indicating higher altitude)
and the main topographic and geo-
graphic features.
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zes the relative entropy between two probability
densities (one from the presence data and one
from the landscape) defined in covariate space
(ELITH ez al., 2010). The model output displays
the relative occurrence probability of a species
within the grid cells of the study area. Maxent
was used with default settings (Convergence
threshold = 0.00001, maximum number of ite-
rations = 500 and f3; = 1) while partitioning the
geographical records between training and test
samples (75% and 25% respectively). This tech-
nique has been proven to achieve high predicti-
ve accuracy (PHILLIPS & DUDIK, 2008).

Several studies have recently addressed the
importance of selecting pseudo-absence or back-
ground locations in ENM (e.g. VANDERWAL e#
al., 2009; ANDERSON & Raza, 2010).
Moreover, some of these studies reported that
using very large areas for model calibration,
especially if the species is absent from these areas,
can result in serious ramifications for predictions
and performance of ENMs (VANDERWAL ez 4l.,
2009; ANDERSON & Raza, 2010). We therefore
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followed the background approach of WEBBER
et al. (2011) and THOMPSON ez 4/ (2011) and
downloaded Képpen-Geiger polygons from the
CliMond version 1.1 database (KRITICOS et 4.,
2012). Subsequently, models were projected
onto a larger area (Fig. 1).

Models were created using three different
combinations of environmental variables: (A)
bioclimatic variables + NDVI + geology, (B) bio-
climatic variables + NDVI, and (C) bioclimatic
variables only. The average of ten pseudo-repli-
cated models with randomly selected test sam-
ples was used to produce habitat suitability
models, which were plotted in logistic format.

The final models were reclassified in ArcGIS
10 (ESRI, Redlands, California, USA) into
binary presence-absence maps based on the
lowest presence threshold (LPT). All models
were tested with receiver operating characteris-
tics (ROC) curve plots, which plot the true-
positive rate against the false-positive rate. The
average area under the curve (AUC) of the
ROC plot of ten models was taken as a measu-

re of the overall fit of each model. Due to the
fact that Maxent operates only with presence
records, the AUC is calculated using pseudo-
absences chosen at random from the study area
(PHILLIPS ez al., 2006). The AUC values range
between 0.5 (highly unsuitable) and 1.0 (highly
suitable) and display the probability that a ran-
domly chosen presence site will be ranked above
a randomly chosen absence site (PHILLIPS ez 4/,
20006). Models with AUC values above 0.75 are
considered useful (ELITH, 2002).

RESULTS
Distribution and conservation status

The distribution of P varaldii can be divi-
ded into four main areas (Fig. 2): (1) The
Mamora cork oak (Quercus suber) forest and
surroundings, (2) the area around Larache,
including the Loukkos basin and southwards
along the road to Ksar-el-Kbir, as well as insi-
de a royal hunting reserve northeast of

R Figure 2: Distribution area of
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Figure 3: Detail of the distribution of Pelobates varaldii in the Mamora cork oak forest and surroundings
(north-eastern Morocco). Black triangles indicate both newly discovered and literature records.

Moulay Bousselham, (3) the area between
Asilah and Tangier, and (4) the Doukkala
region between Rabat and Oualidia.

(1) During the 2008-2010 surveys in the
Mamora cork oak forest more than one hun-
dred and fifty temporary ponds distributed
throughout the entire forest have been checked
for presence of amphibian larvae. Pelobates
varaldii larvae were detected in over 95% of the
ponds, making it the most common amphi-
bian species in the forest (Fig. 3). Many of the
available breeding ponds (30%) show human
modifications such as deepening and ploug-
hing, and surrounding habitats show high
levels (55%) of disturbance. Most of the ponds
(> 80%) show clear disturbance as a result of
livestock pasturing.

(2) The 2008-2010 surveys detected and
confirmed the presence of R varaldii south
of Larache on the way to Ksar-el-Kbir,

approximately 20 km southeast of Larache,
as well as in a Royal hunting reserve, betwe-
en Moulay Bousselham and Ksar-el-Kbir.
Threats in this part of the distribution are
comparable to Mamora forest, but include:
(i) the predation by G. holbrooki in some
permanent water bodies where P varaldii
breeds; (ii) the recent (2007-2010) trans-
formation of ponds into agricultural fields;
and (iii) the discovery of the exotic crayfish
species Procambarus (Ortmannicus) lophotus
(J. Cooper, personal communication) in a
P wvaraldii breeding pond (35.078269°, -
6.069084°) in 2007.

(3) A single locality south of Tangier airport
was detected on 2 February 2009. The locality
consists of a single breeding pond inside a Pinus
pinea forest fragment and larvae density estima-
tes in 2009 (catch per unit effort, CPUE) indi-
cate a low population size. In January 2010, the
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Table 1: Response values percent contribution and permutation importance (in %) of the climatic and cate-

gorical predictor variables for the ecological niche models of Pelobates varaldii from north-western Morocco

(see text for the description of variables).

Variable Percent contribution Permutation importance
A B C A B C
Altitude 38.9 41.9 47.4 24.5 33.6 10
NDVI 329 38.8 - 23 20.6 -
Geology 9.7 - - 2.2 - -
BIO3 1.3 0.5 3 1.2 0.3 3.1
BIO4 5.1 5.4 16.3 26.2 19 38
BIOS 0.2 0.2 2 1.6 1.9 9.1
BIO9 0 0 0.1 0 0 0
BIO10 0 0.2 0.4 1.8 8.2 2.7
BIO15 2.4 3.1 2.4 11.2 9 5.9
BIO16 9.1 9.6 27.9 2.2 5.5 29.2
BIO17 0.4 0.1 0.6 5.6 2 2

locality was revisited and only very few, mostly
malformed larvae could be caught.

(4) During the 2008-2010 surveys, no
new populations could be detected in the
region between Rabat and Oualidia, except
for some populations just south of Mamora
forest. Several expeditions into the Ben
Slimane cork oak forest, with many tempo-
rary ponds present, did not result in a sin-
gle observation of P varaldii. In 2009, the
Oualidia region was extensively surveyed
for eight days, in which we searched for
both tadpole presence and adults, but no
specimens could be observed. On 16
February 2010, during rainy weather con-
ditions, we confirmed the presence of the
species in this region, with the finding of
twelve individuals on the road, about 16
km west of Oualidia.

Ecological niche modelling
The final set of environmental predictor

variables for the ENMs consisted of: altitude,
isothermality (BIO3), temperature seasona-

lity (BIO4), maximum temperature of the
warmest month (BIO5), mean temperature
of the driest quarter (BIO9), mean tempera-
ture of the warmest quarter (BIO10), precipi-
tation seasonality (BIO15), precipitation of
the wettest quarter (BIO16), precipitation of
the driest quarter (BIO17), NDVI and
superficial geology.

Maxent produced models of high pre-
dictive accuracy, according to the average
test AUC of the three models (A = 0.969 +
0.013, B = 0.973 + 0.015, C = 0.964 +
0.013). The main predictor variables (per-
cent contribution and permutation impor-
tance) of P varaldii can be found in Table
1. Visual interpretation of the response
curves revealed that the probability of pre-
sence of the species decreases with increa-
sing altitude, whereas it increases with hig-
her precipitation of the wettest quarter.
The species has a high probability of pre-
sence in eight NVDI classes (75 classes in
the study area), all of which have a high
year-round green biomass and occurs
mainly on sandy Quaternary and karstic
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Figure 4: Habitat suitability maps (potential niche
models) of Pelobates varaldii created using (A) clima-
te variables + NDVI + geology, (B) climate variables
+ NDVI, and (C) climate variables only. Models are
above the average lowest presence threshold.

Tertiary soil deposits (35 classes in the
study region). The models of P varaldii
revealed a small and fragmented potential
niche along parts of the northeast
Moroccan coastline until Essaouira, as well
as at some areas along the Mediterranean
coast to the Algerian border except for

model C (Fig. 4).

DIiscussioN
Distribution and conservation status

The Mamora forest forms the core distri-
bution area of P wvaraldii and harbours the
largest populations. Despite that P varaldii is
still widely distributed throughout the forest,
substantial habitat modifications such as
overgrazing, logging, exotic tree plantations,
transformation to agricultural land and
industrial development are severely threate-
ning the biodiversity of this unique habitat
(e.g. CHERKAOULI ez al., 2009). The Mamora
forest is highly fragmented (CHERKAOUI er
al., 2009) and the original cork oak forest has
shown a major decrease over the last centuries
(HoOkErR & BaLL, 1878; OLIVER, 1986;
NAFAA & WATFEH, 2000). Populations of 2
varaldii are now often confined to the direct
surroundings of temporary ponds and popu-
lations are being fragmented due to unfavou-
rable habitat and agricultural fields, leading
to potential loss of gene flow and genetic
variability. Gambusia holbrooki was only
detected in permanent streams and water
bodies. Since P wvaraldii mostly breeds in
temporary ponds, elimination through these
predatory fishes therefore seems unlikely in
the Mamora region.

The distribution between Mamora forest
and the localities in the area around Larache is
not well understood. The ENM:s revealed subs-
tantial areas of suitable habitat in this region
but fieldwork and literature did not confirm
the presence of P waraldii in this area.
Literature records are limited to EL HAMOUMI
& Himmi (2010) who found P varaldii in the
Loukkos basin, and GUZMAN et a/. (2007) who
recorded the species just south of Ouezzane.
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During our surveys we visited the latter area on
two different occasions but we could not con-
firm the presence of P varaldii in this area.

The newly discovered population south of
Tangier airport is under severe threat by the
development of a nearby beach resort and
immediate actions in the form of habitat pro-
tection are needed to prevent this population
from local extinction. The population seems to
be confined to a single breeding pond in a small
forest fragment and CPUE analysis indicates a
low population size (unpublished data). The
recent discovery of the species 6 km southwards
of the Tangier airport locality (LAPENA ez 4/,
2011) might indicate a wider distribution in
this area and this requires further investigation.

The area between Rabat and Oualidia
has been extensively explored by herpetolo-
gists during the past decades (BONS &
GENIEZ, 1996). Despite this, very few
records of P wvaraldii from this region exist.
The cork oak forest surrounding Ben Slimane
harbours substantial amounts of original habi-
tat and over 600 temporary ponds are present
in this region covering a total surface area of
1994 ha (RHAZI ez al., 2009). The multiple sur-
veys into this area surprisingly did not produce
any records of P wvaraldii presence despite
extensive dip netting of many temporary
ponds. The presumed absence in this area is
likely a result of unsuitable microhabitat and
the lack of sandy areas was confirmed during
surveys. The forest surrounding Ben Slimane is
characterized by thick bushy undergrowth, and
the additional presence of many small streams
makes this area unsuitable for P varaldii.

The distribution in the area between
Rabat and Oualidia remains not well unders-
tood. Niche models indicate few suitable
areas in this region and century long herpeto-

logical explorations have produced very few
sightings (BONS & GENIEZ, 1996). Although
most of these records came from bone
remains in the rejection pellets of the barn
owl (Zyto alba) and the African marsh owl
(Asio capensis), this method can be considered
a reliable prospection mode for P varaldii
because the radius of operation of 7. alba
rarely exceeds 4 km (MICHELAT &
GIRAUDOUX, 1991). The Oualidia popula-
tion is confined to a very small region of sui-
table habitat with several temporary ponds
present. Despite extensive sampling of these
ponds, no larvae could be detected in both
2009 and 2010. It remains unclear if the
Oualidia population faces additional threats.

Yus Ramos & CABO HERNANDEZ (1986)
reported the presence of P cultripes near the
Spanish enclave Melilla in north-eastern
Morocco, but despite extensive herpetological
exploration in this area, this occurrence was
never confirmed. Several suitable areas are
present in the region (Fig. 4) and therefore
Pelobates sp. might indeed have inhabited the
area. The origin of this possible and presumed
extinct population remains unclear and can
constitute both an introduction of P cultripes
from Spain, a relict population of P varaldii
following a range expansion during the glacial
period or even a result of multiple coloniza-
tion routes into Morocco from Spain. The
area surrounding Melilla has seen major
industrial development in recent years and the
shrinkage of suitable lowland habitat as a con-
sequence might have driven this population
to local extinction. Another plausible scenario
is that YUs RamMos & CABO HERNANDEZ
(1986) misidentified other amphibians with
P cultripes, but due to the clear morphological
differences this seems unlikely.
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Several currently identified threats have also
been identified by previous authors (see intro-
duction), whereas additional future threats to 2
varaldii might be the recent arrival of the
chytrid fungus (Batrachochytrium dendrobati-
dis) in Morocco (EL MOUDEN ez al., 2011), the
reduction of gene flow and loss of genetic varia-
bility as a result of habitat fragmentation (e.g.
DIXO ez al., 2009), the possible effects of clima-
te change (DRIOUECH ef al., 2010) and the
expansion of the recently detected invasive
crayfish Procambarus (Ortmannicus) lophotus
(e.g. CRUZ et al., 2000).

Ecological niche modelling

Century long herpetological explorations in
most parts of Morocco, but especially the
Tingitana Peninsula, Melilla region and central
Atlantic coastal areas have never documented
the presence of P varaldii in these areas and
therefore it is highly unlikely that these areas
are inhabited by P wvaraldii populations.
TARKHNISHVILI et al. (2009) found Pelobates
syriacus presence significantly associated with
integrative normalized difference vegetation
index (INDVI). This result indicates the
importance of vegetation cover productivity on
the spatial distribution of Pelobates species and
stresses the need to identify the distribution of
suitable NDVT classes within the distribution
of P varaldii. As the NDVI values categorically
increase towards that of the highest year-round
green biomass and P wvaraldii only occurs
amongst the higher classes. This can be explai-
ned by the preference of the species for forested
habitats. The associated NDVT classes partially
match the known distribution (Fig. 4), but
additionally extend eastwards into the Rif
the Middle Atlas

Mountains, parts of

Mountains and the region around Melilla.
Suitable NDVI classes also occur in the
Doukkala region, the area around Essaouira
and Agadir, as well as in parts of the High Adlas.
However, a major gap in suitable NDVI appe-
ars in the area between Casablanca and
Oualidia (Fig. 4).

Many authors have shown that Pelobates
species are dependant of arenaceous substrates
(e.g. SCHLEICH et al., 1996; SCALI & GENTILLI,
2003), which are mostly present along the
Adantic coastal plain in the northwest of
Morocco. Despite that P varaldii also occurs on
other geology classes within the study region,
most of these populations are restricted to the
sandy microhabitat patches available. As an
example, the area around Oualidia is characteri-
zed by saturated karsts (FAKIR ef al, 2002) but
small suitable sandy areas harbouring 2 varaldii
populations exist there.

Morocco is considered to be the foremost
country in the Mediterranean basin for its
richness in temporary ponds (GRILLAS ez 4.,
2004). Despite the fact that these temporary
ponds are distributed throughout the country,
they show a remarkable diversity as a result of
a range of climatic, geological and geomor-
phological conditions (GRILLAS e al., 2004).
The coastal Adantic plains are renowned for
their high numbers of temporary ponds,
which are characterized by soils that are either
hydromorphic over a sandstone or schist subs-
trate (Ben Slimane forest), or sandy over an
impermeable clay layer (Mamora forest)
(GRILLAS et al., 2004). The larvae of Pelobates
species have both the largest size and longest
larval period known among anurans
(BucHHOLZ & HAYES, 2002) and can reach
lengths of 130 mm with larval periods that can
last for over four months depending on condi-
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tions (e.g. SZEKELY e al., 2010). The unique
combination of geological and geomorpholo-
gical conditions of the soil and the climate in
the coastal Atlantic plain creates temporary
ponds that have the ability to keep water levels
for a period long enough to allow P varaldii
larvae for completing their larval develop-
ment. Moreover, 2 varaldii is known to inha-
bit direct surroundings of breeding waters and
mainly breeds in temporary ponds (author's
personal observation), therefore making the
spatial distribution of suitable breeding waters
a key indicator for identifying suitable habitat
for the species. The temporary ponds of the
type present in the coastal Adantic plains
stretch from around Tangier southwards to the
area around Essaouira (GRILLAS ez al., 2004)
and this corresponds to the potential niche
models of P varaldii (BONS & GENIEZ, 1996).

Conclusion and recommendations

Overall, the ENMs seem to have perfor-
med well in predicting the distribution of
P varaldii. The Mamora forest forms the core
distribution area and harbours the largest and
healthiest population of P varaldii, whereas
several smaller and possibly fragmented popu-
lations exist in the area around Larache,
Tangier, and Oualidia. The distribution bet-
ween Rabat and Oualidia has still not been
fully resolved but potential niche models and
fieldwork indicates that this area mostly lacks
suitable habitat. The largest threats to P varaldii
consist of a reduction of gene flow and loss of
genetic variability as a result of habitat frag-
mentation, the transformation of habitat and
breeding ponds into agricultural and indus-
trial areas, the pollution of breeding ponds
due to extensive livestock pasturing and the

possible expansion of exotic crayfish species
into the Mamora forest. Moreover, the report
of B. dendrobatidis presence in Morocco and
the infection of P varaldii larvae near Larache
(EL MOUDEN et al., 2011) could constitute a
major future threat.

Proposed conservation actions include:
(1) the development of a biannual monito-
ring program to assess the long term popula-
tion status, (2) the identification of areas to
be proposed as protected areas, and (3) the
development of a management plan for
Mamora forest to reduce negative effects of
agriculture, logging and livestock on bree-
ding ponds and habitat. Immediate conserva-
tion actions in the form of habitat protection
are needed to protect the small population
south of Tangier airport. It is highly recom-
mended to monitor the status and expansion
of exotic crayfish and to establish a program
to extirpate this devastating invasive species.
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