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RESUME

LE GORILLE EST-IL BON JARDINIER ?
PREUVES DE L’EXISTENCE

DE DISPERSION DIRIGEE AU SUD-EST
DU GABON

Dans les foréts tropicales d’Afrique cen-
trale, le gorille des plaines occidentales
dépose la plupart des graines qu’il dis-
perse dans des nids bien éclairés pro-
pices a la croissance de plantules,
laquelle est susceptible d’étre renforcée
par Ueffet fertilisant des matiéres fécales
entourant les graines. Cet effet fertilisant
n’avait jamais été testé. Notre étude visait
ainsi a déterminer si le dép6t de graines
par les gorilles (i) dans une matrice fécale
et (ii) dans leurs nids présente un avan-
tage pour le développement des plan-
tules (taux de croissance et de foliation)
et pour leur survie (% de plantules survi-
vantes). Pour évaluer l'effet de la matrice
fécale, des graines de Santiria trimera
(Burséracée), Chrysophyllum lacourtia-
num (Sapotacée) et Plagiostyles africana
(Euphorbiacée) recueillies dans des
déjections de gorilles ont été semées en
pépiniére avec et sans matrice fécale. Des
plantules de Santiria trimera et
Dacryodes normandii (Burséracées) ont
été installées dans des nids et en forét de
terra firme a couvert fermé afin d’évaluer
'impact du dépot de graines sur le déve-
loppement et la survie des plantules. Nos
observations montrent une influence
positive de la matrice fécale sur le déve-
loppement des plantules des essences
étudiées, mais aucun effet sur leur survie.
Concernant les sites de dépot, les taux de
croissance observés étaient de deux a dix
fois plus élevés dans les nids qu’en forét
a couvert fermé. Le développement accru
des plantules est corrélé positivement
avec ouverture du couvert forestier. Des
études in situ de la germination et de la
croissance et la survie des plantules sont
nécessaires pour mieux caractériser le
destin des graines dispersées par les
gorilles. Cependant, nos résultats tendent
a prouver que les gorilles jouent un réle
de dispersion dirigée important dans les
foréts a couvert ouvert.

Mots-clés: Gorilla gorilla gorilla, effet fer-
tilisant, dispersion dirigée, comporte-
ment de nidification, dispersion des
graines, croissance des plantules, survie
des plantules, Gabon.

ABSTRACT

IS THE WESTERN LOWLAND GORILLA
A GOOD GARDENER? EVIDENCE FOR
DIRECTED DISPERSAL IN SOUTHEAST
GABON

In Central African tropical forests, the west-
ern lowland gorilla deposits most of the
seeds it disperses in well-lit nesting sites
that can favour seedling growth. The faecal
matrix surrounding the seeds can act as a
fertiliser and further enhance seedling
development. This fertilisation effect had
never been tested. Our research therefore
aimed to determine whether seed deposi-
tion by gorillas (i) in faecal matter and (ji) in
nest sites is advantageous for seedling
development (growth rate and foliation
rate) and survival (% of surviving
seedlings). To assess the effect of the fae-
cal matrix, seeds of Santiria trimera (Burs-
eraceae), Chrysophyllum lacourtianum
(Sapotaceae) and Plagiostyles africana
(Euphorbiaceae) collected from gorilla fae-
ces were sown in a nursery with and with-
out a faecal matrix. Seedlings of Santiria
trimera and Dacryodes normandii (Burser-
aceae) were established in nest sites and
in closed canopy terra firme forest sites to
assess the impact of seed deposition on
seedling development and survival. The
faecal matrix was observed to positively
influence seedling development in the
species studied, but showed no effect on
survival. Regarding seed deposition sites,
the development rates observed were two
to ten times higher in the nest sites than in
closed-canopy forest. This enhanced
seedling development was positively corre-
lated with canopy openness. In situ studies
of seed germination, seedling growth and
survival are needed to characterise the fate
of gorilla-dispersed seeds more precisely.
However, our results offer evidence that
gorillas provide important directed disper-
sal services by depositing seeds most fre-
quently in open canopy sites.

Keywords: Gorilla gorilla gorilla, fertilisa-
tion effect, directed dispersal, nesting
behaviour, seed dispersal, seedling
growth, seedling survival, Gabon.

B. HAUREZ, Y. BROSTAUX,
C.-A. PETRE, J.-L. DOUCET

RESUMEN

¢EL GORILA ES UN BUEN JARDINERO?
PRUEBAS DE LA EXISTENCIA

DE DISPERSION DIRIGIDA EN

EL SUDESTE DE GABON

En los bosques tropicales de Africa Cen-
tral, el gorila de llanura occidental depo-
sita la mayoria de las semillas que dis-
persa en nidos bien iluminados que favo-
recen el crecimiento de las plantulas. Este
crecimiento podria verse reforzado por el
efecto fertilizante de la materia fecal que
rodea las semillas. Dicho efecto fertili-
zante nunca se habia evaluado. Por ello,
el objetivo de nuestro estudio consistia en
determinar si la deposicién de semillas
por los gorilas (a) en una matriz fecal y (b)
en sus nidos supone una ventaja para el
desarrollo de las plantulas (tasa de creci-
miento y de foliacion) y para su supervi-
vencia (% de plantulas supervivientes). Se
recolectaron semillas de Santiria trimera
(Burseraceas), Chrysophyllum lacourtia-
num (Sapotaceas) y Plagiostyles africana
(Euforbiaceas) en las heces de los gorilas
y se sembraron en vivero con y sin matriz
fecal. Se establecieron plantulas de Santi-
ria trimera 'y Dacryodes normandii (Burse-
raceas) en nidos y en bosque de tierra
firme con dosel cerrado para evaluar el
impacto de la deposicion de semillas en
el desarrollo y supervivencia de las plan-
tulas. Nuestras observaciones muestran
una influencia positiva de la matriz fecal
en el desarrollo de las plantulas de las
especies estudiadas, pero ningln efecto
en su supervivencia. Con respecto a los
lugares de deposicion, las tasas de creci-
miento observadas fueron dos a diez
veces mas altas en los nidos que en el
bosque con dosel cerrado. El mayor des-
arrollo de las plantulas estaba positiva-
mente correlacionado con la apertura del
dosel de copas. Es necesario realizar estu-
dios in situ de germinacion de semillas y
de crecimiento y supervivencia de las
plantulas para caracterizar mejor el des-
tino de las semillas dispersadas por los
gorilas. Sin embargo, nuestros resultados
aportan evidencias sobre el importante
papel de los gorilas en la dispersion diri-
gida en bosques con dosel abierto.

Palabras clave: Gorilla gorilla gorilla,
efecto fertilizante, dispersion dirigida,
comportamiento de nidificacién, disper-
sién de semillas, crecimiento de las plan-
tulas, supervivencia de las plantulas,
Gaboén.



Introduction

The majority of tropical plant species (50-95 %) pos-
sess fleshy fruits adapted to vertebrate consumption, and
hence animal-mediated seed dispersal (Howe and
Smallwood, 1982). The general advantages of endozoochory
are escape from distance- and density-dependent mortality
under the mother tree (Janzen-Connell effect) (Janzen, 1970;
Connell, 1971), colonisation of new habitats and sites, and
gene flow among and between populations (Howe and
Smallwood, 1982; Howe, 1989, Jansen and Zuidema, 2001;
Stoner and Henry, 2008). In addition, endozoochory may
lead to directed dispersal in cases when the disperser
deposits most seeds in favourable sites (Howe and
Smallwood, 1982; Jansen and Zuidema, 2001). Passage
through the digestive tract and deposition in faecal manure
may also enhance seed dispersal effectiveness (Dinerstein
and Wemmer, 1988; Jansen and Zuidema, 2001; Traveset et
al., 2001, 2007). The spatial distribution pattern of dis-
persed seeds depends on disperser physiology (gut passage
time) and behaviour (daily path length, habitat use, nesting
behaviour, etc.) (Stoner and Henry, 2008; Bueno et al.,
2013). Because of these species-specific factors, functional
redundancy between two frugivorous species is limited
(Bueno et al., 2013, but see Mcconkey et al., 2014). As a
result of anthropogenic disturbances, many forest-living ani-
mal populations, especially large mammals that provide
important dispersal services, are threatened by decline, or
even local extinction (Wright, 2003; Andriantsaralaza et al.,
2013). Understanding the role of these verte-
brates in plant regeneration is important to reveal
the potential effects of “defaunation” (Galetti
and Dirzo, 2013; Kurten, 2013). Such knowledge
is particularly relevant when high value tree
species, either used for timber or non-timber
products by rural populations, are dispersed by
threatened mammals (Dainou et al., 2012; Rosin,
2014).

Among Central African frugivorous, the crit-
ically endangered western lowland gorilla
(Gorilla gorilla gorilla Savage and Wyman)
(photo 1) is considered a key disperser (Petre et
al., 2013). This species disperses seeds in a spa-
tially and temporally bimodal pattern with more
than 50% of seeds deposited at nest sites (Todd
etal., 2008), which are preferentially installed in
open habitats (Tutin et al., 1991; Rogers et al.,
1998; Voysey et al., 1999; Petre et al., 2015a).
Seedling growth is enhanced in tree fall gaps,
even for shade tolerant species (Howe et al.,
1985; Popma and Bongers, 1988 and references
therein; Schupp et al., 1989), and a beneficial
effect of deposition at gorilla nest sites was
observed for three tree species at Lopé, Gabon
(Tutin et al., 1991; Rogers et al., 1998; Voysey et
al., 1999). As logged forest is one habitat type
preferentially selected by gorillas for nesting
(Arnhem, 2008), their dispersal services are
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thought to be critical in the context of logged forests.
However, the fate of seedlings remains poorly studied.
Some studies showed that seed predation pressure by
rodents was higher at tree fall gaps (Schupp, 1988a), while
other demonstrated that seedling survival was higher
because of a lower pathogen pressure (Schupp et al., 1989).
A study in Cameroon demonstrated that seed deposition at
gorilla nest sites benefits dispersed seeds as a result of a
lower mean burial depth by the dung beetle community,
compared to what was observed in closed canopy forest
areas (Petre et al., 2015b). These potential advantages
brought by seed deposition at nest sites require further
investigation and to our knowledge, no study has yet been
undertaken to assess the fertilisation effect of the gorilla
faecal matrix on seedling growth.

This study assessed the impact of being deposited in a
faecal matrix, and at nest site locations, on seedling growth
and seedling survival. Specifically, the following hypotheses
were tested: (1) the presence of a faecal matrix surrounding
the seeds enhances seedling growth and survival; (2)
seedling growth is faster and seedling survival is higher at
nest sites than at closed canopy terra firma forest sites; (3)
seedling survival is lower under a conspecific tree (Janzen-
Connell effect) Janzen, 1970; Connell, 1971); (4) enhanced
seedling development in open canopy nest sites results
from higher light availability.

Photo 2.

Seeds of Santiria trimera deposited in a faecal unit

at a western lowland gorilla nest site in Southeast Gabon.
Photograph B. Haurez.
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Methods
Study site

Precious Woods Gabon is a 617,000 ha sustainably man-
aged and certified logging concession located in Southeast
Gabon. The total average annual rainfall is 1,700 mm, mainly
distributed through two rainy seasons (March-May and
September-December) (Moupela et al., 2013). A dry season
(monthly precipitation <100 mm) is observed from June to
August. The average annual temperature is 26 °C, with mini-
mum values recorded in July and August (Moupela et al.,
2013). The highest temperatures are observed in February to
April. The concession comprises a lowland evergreen forest
dominated by Burseraceae and Fabaceae. The study was car-
ried out in an area of 13,410 ha (Bambidie AAC 2012, 0°44’-
0°52’ South, and 013°06’-13°17’ East) where gorilla density
was estimated at 1.5 weaned gorilla/km2 (Haurez et al., 2014).
Nesting behaviour at this site was characterised by a preferen-
tial selection of open canopy terra firma forest for nest build-
ing (Haurez et al., 2014).

Study species

Four tree species typical of the study area were
selected: Santiria trimera (Oliv.) Aubrév. (Burseraceae),
Plagiostyles africana Prain ex De Wild. (Euphorbiaceae),
Dacryodes normandii Aubrév. and Pellegr. (Burseraceae) and
Chrysophyllum lacourtianum De Wild. (Sapotaceae) (Doucet,
2003). Their average densities in the logging concession
were previously estimated to be 30.2, 7.6, 1.6 and 0.20
trees.ha! (dbh » 10 cm), respectively (the density given for C.
lacourtianum was estimated based on the density of
Chrysophyllum spp.) (Doucet, 2003; Medjibe et al., 2013).
All are evergreen, shade-bearer (C. lacourtianum, S. trimera
and D. normandii) or non-pioneer light-demanding species
(P. africana) (Doucet, 2003; Petre et al., 2015a). Two
(C. lacourtianum and D. normandii) are timber species, and

Photo 3.

Seedling of Chrysophyllum lacourtianum growing
in a nursery in Southeast Gabon.

Photograph B. Haurez.

Photo 4.

Collection of a fresh gorilla faecal unit on a logging road
in Southeast Gabon.

Photograph J.-L. Doucet.

the fruits of three (C. lacourtianum, S. trimera and D. nor-
mandii) are valuable non-timber forest products (NTFPs)
(Aubréville, 1962; Lemmens, 2007; Brink, 2008). The four
tree species are also used by local populations for various
medicinal and cultural purposes (Aubréville, 1962;
Lemmens, 2007; Brink, 2008; Schmalzer and Lemmens,
2008). Gorillas consume fruits of these species in abun-
dance whenever they are available and their seeds are not
destroyed by passage through the gorilla gut (Fourrier, 2013;
B. Haurez pers. obs.; C.-A. Petre, pers. obs.) (photo 2). The
use of the different species, as well as the number of repeti-
tions, for our experiments was based on the availability of
seeds and faecal matrix, or seedlings at the time of the trials.

Fertilisation effect of faecal matrix
on seedling growth and survival

The fertilisation effect of the presence of a faecal
matrix was assessed through seedling growth trials in a
nursery for three of the species: C. lacourtianum, P. africana
and S. trimera (photo 3). Seeds extracted from gorilla faeces
(photo 4) were sown following three treatments: (1) cleaned
seeds directly sown in the soil, (2) cleaned seeds placed in
a ovoid ball of faecal material (approximately 5x3x2 cm). A
control treatment was realised for C. lacourtianum and
S. trimera, with seeds extracted from fruits. Because all
seeds found under P. africana trees were already germi-
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Table I.
Description of the fertilisation effect trials.
Trial Treatment No. seeds No. seeds No. surviving
sown germinated seedlings
Chrysophyllum lacourtianum
CL1 Seed from faeces 6 5 5
Seed from faeces in faecal matrix 6 6 6
Control 6 0 NA
CL2 Seed from faeces 1 1 1
Seed from faeces in faecal matrix 1 1 0
Control 1 0 NA
CL3 Seed from faeces 7 6 6
Seed from faeces in faecal matrix 7 7 6
Control 7 0 NA
CL4 Seed from faeces 14 14 14
Seed from faeces in faecal matrix 14 12 11
Control 14 7 6
CL5 Seed from faeces 12 11 10
Seed from faeces in faecal matrix 12 12 12
Control 12 0 NA
Plagiostyles africana
PA1 Seed from faeces 50 37 33
Seed from faeces in faecal matrix 50 34 30
Santiria trimera
ST1 Seed from faeces 6 4 4
Seed from faeces in faecal matrix 6 6 6
Control 6 0 NA
ST2 Seed from faeces 4 4 4
Seed from faeces in faecal matrix 4 4 4
Control 4 1 NA
ST3 Seed from faeces 8 0 NA
Seed from faeces in faecal matrix 8 0 NA
Control 8 0 NA
ST4 Seed from faeces 8 8 7
Seed from faeces in faecal matrix 8 5 4
Control 8 0 NA
ST5 Seed from faeces 3 1 0
Seed from faeces in faecal matrix 3 1 1
Control 3 1 0

nated, the control treatment was not implemented for this
species. Each seed was sown singly in a plastic bag filled
with soil collected from the study site. In order to limit the
effect of variability of gorilla diet composition on the faecal
matrix treatment (as a result of differences in food chemical
composition), all faeces to be used in a trial were mixed
together before forming the faecal ball. Seed germination
was monitored daily. Growth rate (cm.day?), foliation rate

(number of leaves.day?) and proportion of surviving individ-
uals (%) were calculated (Popma and Bongers, 1988;
Loiselle, 1990) after 12 months. Depending on seed avail-
ability, five trials were realised for C. lacourtianum and
S. trimera, and only one for P. africana (table I). Every trial
involved seeds coming from the same faeces or the same
tree (control treatment) sown on the same day.
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Effect of deposition site on seedling growth and survival

In order to test the effect of deposition site on seedling
growth and survival, nursery-raised seedlings of S. trimera
(11 months old) and D. normandii seedlings (1 month old)
were planted in 1 m2 plot, 30 cm apart (1) at nest sites in open
canopy terra firma forest, and (2) in closed canopy terra firma
forest. For D. normandii, a third treatment comprised
seedlings installed (3) in closed canopy terra firma forest
under a mature fruiting conspecific. This treatment was under-
taken to test for the influence of the proximity to a conspecific
on predator and pathogen pressure (Janzen-Connell effect)
(Janzen, 1970; Connell, 1971). The surrounding vegetation
was kept intact in each plot. For S. trimera, two repetitions
were performed for each treatment, and for D. normandii, four
repetitions were performed for treatment 2 and three for treat-
ments 1 and 3. Fifteen seedlings and five seedlings were
installed in each plot for S. trimera and D. normandii, respec-
tively. All the seedlings of a given species were installed the
same day. Seedling growth (growth rate and foliation rate) and
survival (% of surviving seedlings) were assessed for S.
trimera and D. normandii after 18 and 9 months, respectively.

Effect of light availability on seedling growth and survival

Canopy openness was measured at each seedling plot
using hemisphere pictures taken with a 4.5 mm Sigma circu-
lar fisheye lens on a Canon EOS D50 camera. Two repetitions
of pictures were taken at the centre of the plots between 6.00
and 7.30 am, at 1 m height, with the lens placed vertically on
a tripod and the camera oriented North. Shutter speed and
aperture were set as to maximize the contrast between the
canopy and the sky. Canopy openness was estimated with
Gap Light Analyzer 2.0 using a standard image to define the
hemisphere circle. A mean measure of canopy openness (%)
was calculated for each plot by averaging the values obtained
for the two repetitions. The resulting mean canopy openness
value was used as a proxy for light availability at the site.

Data analysis

Generalized Linear (Mixed) Models or General Linear
(Mixed) Models were adjusted to evaluate the effect of (1) fae-
cal matrix and (2) type of site on seedling growth (growth rate
and foliation rate) and seedling survival rate. Trial repetitions
and plots, respectively, were used as a random factor to take
into account potential uncontrolled variability of the response
in the initial models, but were discarded when non significant.
Depending on the adjusted models, the significance of a fac-
tor was assessed by comparing the models with and without
the factor with a Chi-square test or an F-test. In order to test the
influence of light availability, estimated by canopy openness,
on seedling growth rate, foliation rate and proportion of sur-
viving seedlings, Linear Regression Models were performed.

All statistical analyses were performed in R 3.1.3 (R
Core Team, 2012) using the package Ime4 and the function
“glmer” for Generalized Linear Mixed Models, “lmer” for
General Linear Mixed Models, “glm” for Generalized Linear
Models and “Im” for General Linear Regression Models.

Results

Fertilisation effect of faecal matrix
on seedling growth and survival

These results are displayed in figure 1. In the case of S.
trimera, only two seeds under the control treatment germi-
nated, and both seedlings died. Therefore, the control treat-
ment was conserved in the analysis only for C. lacourtianum.
Seedlings of S. trimera and C. lacourtianum showed no
increase in growth rate (S. trimera: df = 1, x2 = 0.65,
p = 0.42, and C. lacourtianum: df = 2, x2=0.59, p = 0.75)
but a light increase in foliation rate (S. trimera: df = 1,
x2=3.91, p=0.048, and C. lacourtianum: df = 2, x2 = 6.46,
p = 0.040) in relation to the presence of a faecal matrix. A
positive effect of presence of a faecal matrix on seedling
growth (df = 2 and 61, F= 426, p < 0.001) and foliation rate
(df =1 and 69, F = 14.60, p < 0.001) was observed for P.
africana. The presence of a faecal matrix did not affect sur-
vival of the tested species (S. trimera: df = 1, x2 = 0.31,
p = 0.578, C. lacourtianum: df = 2, x2 = 1.37, p = 0.50,
P. africana: df = 1, x2=0.016, p = 0.90).

Effect of deposition site on seedling growth and survival

Table Il presents a synthesis of the parameters
recorded in the experimental plots. The results related to
deposition sites are presented in figure 2. For both species,
the growth rate (S. trimera: df = 1, x2=9.77, p = 0.0018,
and D. normandii: df = 2, x2=14.7, p < 0.001) and foliation
rate (S. trimera: df = 1, x2 = 5.27, p = 0.027, and D. nor-
mandii: df = 2, x2 = 18.4, p < 0.001) were significantly
related to deposition site. Growth rate and foliation rate of
S. trimera seedlings were 10 and two times higher at nest
sites than in closed canopy terra firma forest, respectively.
For D. normandii, seedlings deposited in nest sites pre-
sented growth rates about five times faster than in closed
canopy forest (both away from and under a conspecific).
Foliation rate was approximately 10 times higher at nest
sites than in closed canopy forest away from a conspecific.
The foliation rate under a conspecific was negative, which
could indicate a higher herbivore or pathogen pressure.

Survival of S. trimera seedlings was not significantly
related to deposition site (df = 1, x2 = 0.0024, p = 0.96).
However, a marginal influence was detected for D. nor-
mandii (df = 2, x2=5.71, p = 0.057), with a lower survival
rate at nest sites, and to a lesser extent under a conspecific.

Effect of light availability on seedling growth and survival

Seedling growth (S. trimera: df = 1 and 46, F = 75.2,
p < 0.001, and D. normandii: df = 1 and 45, F = 44.4,
p <0.001) and foliation rate (S. trimera: df =1 and 45, F=39.4,
p < 0.001, and D. normandii: df = 1 and 45, F=37.2,
p <0.001) were positively correlated to canopy openness for
both tested species (figures 3 and 4). In light of these
results, and those obtained when addressing the effect of
type of site, it appears that the potential positive effect of
deposition at nest sites on seedling growth (photo 5) was
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Figure 1.
Observed seedling growth rate, foliation rate and survival for three tree species dispersed by western lowland gorillas
with (Faecal matrix) and without (Naked) the presence of a faecal matrix surrounding the seeds.

Figure 2.

Observed seedling growth rate, foliation rate and survival for two tree species dispersed by western lowland gorillas deposited
at three different types of site (closed canopy forest (Forest), nest site (Nest site) and closed canopy forest under a conspecific
(Conspecific)).
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Table II.
Parameters recorded at the different deposition site plots.

Discussion

We observed the existence of a
positive effect of faecal matrix on

Site Mean canopy Mean growth Mean foliation rate Survival (%) seedling growth and foliation rates
openness (%) rate (cm.day?) (no. leaves.day?) for Plagiostyles africana, but only a

Santiria trimera

Nest site 1 7.5 0.1068 0.0289
Nest site 2 1.8 0.0031 0.0065
Forest 1 2.9 0.0037 0.0072
Forest 2 2.7 0.0034 0.0077
Dacryodes normandii

Nest site 1 6.3 0.0286 0.0076
Nest site 2 11.2 0.0758 0.0170
Nest site 3 6.9 0.0556 0.0129
Forest 1 3.6 0.0121 0.0030
Forest 2 3.6 0.0146 0.0015
Forest 3 4.6 0.0092 0.0008
Forest 4 2.9 0.0031 0.0008
Conspecific 1 3.6 0.0058 -0.0023
Conspecific 2 3.6 0.0062 -0.0015
Conspecific 3 1.8 0.0202 0.0028

weak effect on foliation rate for
Santiria trimera and Chrysophyllum

100 lacourtianum. Gorilla fertilisation
82.4 effect is therefore species-specific, as
80 demonstrated for other vertebrates

(Dinerstein and Wemmer, 1988;
93.8 Traveset et al., 2001, 2007).
Nevertheless, although some differ-
ences were not significant, observed
80 mean growth rates and foliation rates
80 for seedlings of all tested species

100 growing within a faecal matrix were

higher than that of seeds directly

100 sown in soil. Moreover, the positive

100 effect of manure depends on its com-

100 position, with the faecal matrix of fru-

100 givorous also consuming animal

100 material being more beneficial than

100 that of dispersers which feed on veg-
20 etation only (Traveset et al., 2001).

Antagonistic effects have also been

linked to the light availability at nest sites. However, in the
case of D. normandii, the addition of the factor “Type of site”
explained the variability in foliation rate better than the fac-
tor “Canopy openness” alone (df = 3, F = 11.83,
p = 0.0080); but this was not the case for S. trimera (df =1,
x2=3.5386, p = 0.060). For both species, survival rate was
not significantly correlated to canopy openness (S. trimera:
df=1and 51, F=1.75, p=0.192, and D. normandii: df = 1
and 48, F=1.12, p =0.295).

Figure 3.
Graphic representation of the linear model regression of seedling growth in function of canopy openness for the species Santiria
trimera (y=-0.042560+0.019351x, p<0.001) and Dacryodes normandii (y=-0.016789+0.008237x, p<0.001).

observed, as frugivorous manure

might contain chemical compounds that negatively affect

seed germination and seedling survival (Traveset et al.,
2001, 2007). Such effects were not observed in our study.

Our results highlight a positive effect of deposition at

nest sites on seedling growth and foliation rates for both

tested species, Santiria trimera and Dacryodes normandii,

particularly in relation to the open canopy conditions of nest

sites. Seedlings growing from seeds deposited at open

canopy nest sites by gorillas benefit from the higher light
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Figure 4.

Graphic representation of the linear model regression of seedling foliation rate in function of canopy openness for the species
Santiria trimera (y=-0.0026593+ 0.0041168x, p<0.001) and Dacryodes normandii (y=-0.0060362+ 0.0021258x, p<0.001).

availability. Seeds deposited at nest sites installed in closed
canopy terra firma forest would not experience such an
advantage (although a supplementary effect of deposition
site on foliation rate and seedling survival is observed for
Dacryodes normandii that might be linked to pathogens
and/or herbivore pressure). We therefore provide evidence
for the “directed dispersal hypothesis” as put forward in
Howe and Smallwood (1982). Our study further demon-
strates the role of gorillas in directed dispersal of seeds, by
depositing seeds most frequently in open canopy sites. The
role of gorillas in forest regeneration is therefore highly likely
to be essential, particularly as gorillas disperse seeds of
many large forest tree species (Fourrier, 2013; Petre et al.,
2015a). Open canopy forests, and their associated higher
light availability, have also been observed to be advanta-
geous to seedlings of species described as adapted to
shade (Howe et al., 1985; Popma and Bongers, 1988 and
references therein; Schupp et al., 1989), suggesting subtle
effects of light availability on seedling growth (Hatshorn,
1978 cited by Howe et al., 1985). A beneficial effect of both
the presence of dung as manure and high light availability
on seedling growth was observed for seedlings of Trewia
nudiflora L. (Euphorbiaceae) when dispersed by Rhinoceros
unicornis L. (Dinerstein and Wemmer, 1988). It is possible
that the interaction between faecal matrix and high light
conditions would bring further benefits to seedlings origi-
nating from seeds dispersed by gorillas. The implementa-
tion of in situ seedling development experiments could
shed light on such potential interactions.

Dacryodes normandii showed no clear effect of proxim-
ity to a mature conspecific on seedlings survival. The
Janzen-Connell (Janzen, 1970; Connell, 1971) effect was
observed to be highly specific in tropical species (Howe,
1989; Chapman and Russo, 2005). Moreover, this effect
might be influenced by the density of adult trees of the con-

sidered species within the site, with a satiation of predators
occurring at high densities and hampering a distance-
dependent mortality (Schupp, 1988b). The marginal effect
of proximity to a conspecific observed for Dacryodes nor-
mandii could indicate a “clump-syndrome” (Howe, 1989;
Chapman and Russo, 2005). This is often the case for
species dispersed by large frugivorous and therefore
adapted to aggregated deposition in faecal clumps
(Lambert and Chapman, 2005). Considering the high den-
sity and fruit characteristics of Santiria trimera, as well as its
tendency to root-graft (Howe, 1989; Doucet, 2003; B.
Haurez, pers. obs.), it seems reasonable to suppose that
this species also exhibits “clump-syndrome”. This “clump-
syndrome” analysis is supported by the observation of
many persistent seedlings of D. normandii and S. trimera,
with no apparent damage, developing from faecal units (B.
Haurez, pers. obs.) (photo 6). However, in order to better
understand the fate of seeds dispersed by western lowland
gorillas, the implications of clumped deposition should also
be addressed. Indeed, intra- and interspecific competition
for nutrients and light will affect the growth and survival of
seedlings dispersed by large vertebrates in this way
(Dinerstein and Wemmer, 1988; Loiselle, 1990).

The absence of distance and/or density-dependent
mortality might also be due to the fact that the experiments
were performed with seedlings and not with non-germi-
nated seeds. Therefore, seed predation by rodents was not
assessed in this study. Indeed, the fate of dispersed seeds
is influenced by secondary dispersal and post-dispersal
seed predation by rodents and dung beetles (Lambert and
Chapman, 2005). The study of seed germination, seedling
growth and survival in non-disturbed faecal units deposited
at nest sites and in the forest along trails would help to char-
acterise more precisely the fate of gorilla-dispersed seeds.
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Photo 5.

Comparison of Santiria trimera seedlings installed in (A)
closed canopy terra firma forest and (B) western lowland
gorilla nest site, after 18 months in Southeast Gabon.
Photograph B. Haurez.

Photo 6.

Cluster of seedlings of Santiria trimera (Burseraceae)
developing in a western lowland gorilla faecal unit,
Southeast Gabon.

Photograph B. Haurez.

Conclusion

These results confirm our hypothesis that seedling
development is enhanced at gorilla nest sites because of
favourable light conditions. Although faecal matrix was
observed to enhance seedling development in some cases,
its effect seems to be species-specific. We did not detect the
existence of a strong Janzen-Connel effect affecting
seedlings survival under a conspecific for our tested species.

In this study, we highlighted the impact of gorilla seed
dispersal on seedling growth and survival of four tree
species, characteristic of the forest of Central Gabon and
economically valuable. A number of additional species,
which are exploited for their timber and non-timber forest
products, also rely on gorillas for seed dispersal (eg.
Pseudospondias microcarpa and Trichoscypha spp.
(Anacardiaceae), Nauclea didderrichi (Euphorbiaceae),
Dialium spp. (Fabaceae), Myrianthus arboreus (Moraceae))
(Fourrier, 2013; Petre et al., 2015a). Therefore, the dispersal
services performed by gorillas within the forest ecosystem
are both environmentally and economically essential. They
are particularly important in the context of logged forest and
sustainable forest management.

Although in situ experiments investigating the fate of
seedlings emerging from seeds in undisturbed gorilla faeces
are required, this study has served to underline the impor-
tance of the western lowland gorilla as a seed disperser.
Given the growing evidence for its directed dispersal of a
wide range of important plant species in tropical forests, the
ensured conservation of gorillas is likely to be critical to the
maintenance of Central African rainforests and their eco-
nomic viability.
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