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Table 1. Scheffé post-hoc test for pairwise comparisons of transect abundances of five leaf-litter frog species of the genus Phrynobatra-

chus.

P. ghanensis

P. phyllophilus

P, liberiensis

P. latifrons P, tokba

T1-T3 (p=0.033)
T1-T6 (p=0.021) T3-T8 (p=0.002)
T2-T3 (p=0.019) T6-T8 (p=0.018)
T2-T6 (p=0.008) -
T3-T6 (p=0.043) -
T3-T8 (p=0.011) -
T6-T8 (p=0.005) -

T3-T6 (p=0.046)

T1-T6 (p=0.011)
T2-T6 (p=0.022)
T3-T6 (p=0.002) -

T5-T9 (p=0.001)
T5-T10 (p=0.001)

T2-T6 (p=0.003)
T3-T6 (p=0.013)
T6-T7 (p=0.046)

density of leaf-litter layer, grass, shrubs and trees). On each
transect, we recorded the number of brooks and ponds,
counted the number of shrubs and trees in one meter dis-
tance to either side of the transect, and measured the mean
leaf-litter layer thickness (calculated from the number of
leaf layers counted at five points across the transect). The
canopy cover was estimated in percentage (accuracy + 5%)
and varied from o (grassland) to 100% (primary forest with
closed canopy cover). These habitat data were included in
an input matrix which is composed of data of species abun-
dances for each sampling site (Fig. 3).

Results
Species’ distributions across habitat types

During 240 transect walks we recorded 394 P. ghanensis (2
individuals per transect-hour, herafter abbreviated t-h),
303 P. phyllophilus (2 frogs/t-h), 510 P. liberiensis (3 frogs/
t-h), 1,704 P. latifrons (10 frogs/t-h) and 225 P. tokba (1
frog/t-h). We recorded P. ghanensis on transects T1 (10
individuals), T2 (12), T3 (125), T6 (242) and T8 (5). We
found P. phyllophilus on T3 (238 frogs), T6 (63) and T8
(2). P, liberiensis was encountered on T1 (158 frogs), T2
(146), T3 (182) and T6 (24) whereas P. latifrons was ob-

served on Ts (1259 individuals), T9 (268) and Tio (177).
Phrynobatrachus tokba was recorded on T1 (19), T2 (68),
T3 (64), T6 (4), T7 (51) and T8 (19). All species signif-
icantly deviated from a uniform distribution across the
different transects (Kruskal-Wallis test: P. ghanensis p =
0.001, P. phyllophilus p = o0.001, P. liberiensis p = 0.003,
P. latifrons p = 0.001, and P. tokba p = 0.005). The results
of the Scheffé post-hoc tests for pairwise comparisons are
presented in Table 1.

We tested the occurrences of the five Phrynobatra-
chus species across transects with respect to environmen-
tal parameters (habitat types). The SOM classified the five
Phrynobatrachus species in three major groups (Fig. 4).
The first group was exclusively represented by P. latifrons
(Fig. 4a), this species apparently preferring open habi-
tats dominated by grass, ponds, swamps and the Banco
river (Fig. 4b). The second group corresponded to both
P. ghanensis and P. phyllophilus. These species were large-
ly distributed in vegetation with dense canopy and abun-
dant leaf-litter layer (Fig. 4b). Phrynobatrachus tokba in the
third group was predominantly encountered under trees
and shrubs with close canopy, thick leaf-litter layers, close
to brooks, swamps and the Banco river (Fig. 4b). In con-
trast, only populations of P. liberiensis were ranked both in
the second and the third group.

Figure 3. Self Organizing Map (SOM) according to IBARRA (2004). The input matrix is composed of data of species abundances (Xij)
for each sampling site (S). Once the connection weights are determined by the SOM (P,) in a minimal learning error, we obtain the

map and output matrix.
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Table 2. The population densities of the five Phrynobatrachus species across seasons. Calculations are based on 80 transect walks in
the Longer Rainy Season (LRS) and Longer Dry Season (LDS), and 40 transect walks in the Minor Rainy Season (MRS) and Minor

Dry Season (MDS). Transect-hour is abbreviated t-h.

LRS (number of frogs;

LDS (number of frogs; MRS (number of frogs; MDS (number of frogs;

Species frogs/t-h) frogs/t-h) frogs/t-h) frogs/t-h)
P ghanensis 114; 2 129; 2 72; 2 79; 3
P, phyllophilus 140; 2 85; 1 29; 1 49;2
P. liberiensis 175; 3 210; 4 68; 2 57;2
P, latifrons 736; 12 451, 8 2799 238; 8
P. tokba 97; 2 15; 0 67; 2 46; 2
Seasonality P. phyllophilus ranged from 140 (2 frogs/t-h/season, long-

The species’ distribution in across seasons was also in-
vestigated (Table 2; Fig. 5). We recorded 114 P. ghanensis
(2 individuals/t-h/season) in the longer rainy season and
129 P. ghanensis (2 frogs/t-h/season) in the longer dry sea-
son (8o transect walks in each season). The abundances of
this species in the minor rainy season was 72 (2 frogs/t-h/
season) and in the minor dry season it was 79 (3 frogs/t-h/
season; 40 transect walks in each season). Abundances of
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Figure 4. Distribution of the five species of Phrynobatrachus
(a), and characterization of habitat types of the Banco National
Park (b) based on the Self Organizing Map; black and/or dark
polygons are representing areas where frog assemblages and en-
vironmental parameters were highly elevated whereas grayish
and white polygons correspond to mean and very low gradient,
respectively.

er rainy season), 85 (1 frog/t-h/season, longer dry season),
29 (1 frog/t-h/season, minor rainy season) and 49 (2 frogs/
t-h/season, minor dry season). In contrast in P. liberiensis
we recorded 175 (3 frogs/t-h/season), 210 (4 frogs/t-h/sea-
son), 68 (2 frogs/t-h/season) and 57 (2 frogs/t-h/season),
respectively in the longer rainy season, longer dry season,
minor rainy season and minor dry season. During the re-
spective seasons, the abundances of P. latifrons were 736
(12 frogs/t-h/season), 451 (8 frogs/t-h/season), 279 (9 frogs/
t-h/season) and 238 individuals (8 frogs/t-h/season) while
those observed in P. tokba were 97 (2 frogs/t-h/season), 15
(o frog/t-h/season), 67 (2 frogs/t-h/season) and 46 frogs
(2 frogs/t-h/season). Whereas the detectability between
the species differed, the abundances within the five species
showed no significant variation between seasons (Kruskal-
Wallis test: p > 0.675).

Phrynobatrachus ghanensis was recorded in all seasons
at sites T2, T3 and T6 but, not at sites T1 and T8 during the
longer and minor dry seasons. P. phyllophilus was likewise
detected at T3 and T6 in all seasons. At site T8 this species
was encountered only during the longer rainy season. The
preferred habitats of P. tokba in all seasons were T1, T2, T3,
T7 and T8. The later species was detected at T6 only during
the longer rainy season. In contrast we found P. liberiensis
and P, latifrons in all seasons in their respective habitats

(Fig. 5).

Discussion

We investigated the spatio-temporal distribution of
Phrynobatrachus ghanensis, P. latifrons, P. liberiensis,
P phyllophilus and P. tokba across seasons and habitat
types in BNP. The five West African leaf-litter frogs were
widespread along the BNP transects, but showed clear
differences concerning their habitat preferences. Only
P latifrons preferred more open habitats. All other spe-
cies dominated in forested parts of BNP as it was illus-
trated by our Self Organizing Map which categorized the
anuran assemblages in three distinct groups (Fig. 4a). Ac-
cording to LAMOTTE & XAVIER (1981) and RODEL (2000)
P, latifrons is a savannah specialist. In the forest zone it
only maintains stable populations in disturbed forest or
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non-forest habitats and thus is a good indicator of for-
est degradation (RODEL & BRANCH 2002, RODEL & AGYEI
2003, ADEBA et al. 2010). Phrynobatrachus ghanensis and
P. phyllophilus were more abundant on T3 and T6 than in
any other areas in the park. Both of these sites are char-
acterized by forest in near primary state, thus confirming
ASSEMIAN et al. (2006) and KouaME et al. (2008), who
suggested that P. ghanensis and P. phyllophilus are restrict-
ed to primary forested parts. Phrynobatrachus liberiensis
was abundant on T1, T2 and T3, the number of individuals
for P. tokba was highest at T1, T2 and T7. Thus P. liberien-
sis seems to share the same habitats with P. ghanensis and
P. phyllophilus on the one hand and with P. tokba on the
other hand. However, P. tokba is not dependent on open
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water for reproduction and thus often occurs in drier parts
of the forest (RODEL & ERNST 2002a, RODEL et al. 2005). It
prefers dense undergrowth in forest areas, but survives as
well in degraded forest, secondary growth and even dense
tree savannah with very high grass (LAMOTTE 1966, RODEL
2003). We thus believe that the distribution of P. liberien-
sis in BNP actually is closer to those of P. ghanensis and
P. phyllophilus than to P. tokba. Phrynobatrachus liberien-
sis is almost always occurring close to small creeks and
brooks in swampy forest (GUIBE & LAMOTTE 1963, RODEL
2003). This explains the high abundances of P. liberien-
sis on T1, T2 and T3. The predominance of P. liberien-
sis, the low abundances of P. ghanensis and the absence
of P. phyllophilus at sites T1 and T2 clearly indicate that
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Figure 5. Distribution of the five Phrynobatrachus species from Banco National Park during all seasons in across the ten transects.
LRS: Longer Rainy Season; LDS: Longer Dry Season; MRS: Minor Rainy Season; MDS: Minor Dry Season.
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Appendix

Geographic position and short description of study sites in
Banco National Park

Transect # Coordinates

Site description

T1 05°24’03"N/04°03’51”W

T2 05°23’15"N/04°03’18”W
T3 05°23’12”N/04°03°09”W

T4 05°23°05”N/04°02’57”W

T5 05°23°06”N/04°03’06”W

T6 05°23’05”N/04°03°06”W
T7 05°22’56"N/04°03’°30”W
T8 05°22’26"N/04°03’10”W

T9 05°21°41”N/04°02’32”W

T10 05°24’18"N/04°01°20”W

Dense and open forests, natural gaps, borders the Banco river, river’s source in about 700 m
distance, larger pond

Large forest gap with a hill, swampy forest borders the Banco river

Swampy forest, located about 50 m of the central clearing with a fish farm, close to the Banco
river

Closed canopy forest, low amount of leaf-litter lying on the forest floor, no open water, undu-
lating terrain with many small hills, deeper valleys and buildings

Central clearing with 16 artificial ponds, partly open, partly heavily vegetated and only with
shallow water, temporary and perennial waters (the latter stocked with Tilapia fish), flowing
creek crosses clearing and run along forest, surrounded by swampy forest, the Banco river
and bamboo plots

Very swampy part of the forest, partly inundated during the wet season, the water might be
flowing

Partly dense forest, partly more or less fragmented forest without open water, undulating ter-
rain with a hill, massive amount of leaf-litter lying on the forest ground

Located at the entry of the arboretum, open forest, swampy areas covered, bamboo areas
Located at the main entry of the park, open zone covered by grass, heavily degraded and
water polluted due to the “Fanico” launderers, people that use the river for religious rituals or
car washing

Heavily degraded forest with open canopy, three larger ponds that are polluted due to nearby
mechanic quarters, corn, manioc and yam plantations
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