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Abstract

In February 2004, a dry-season elephant survey was conducted in the Bia Conservation Area in Weste
Region of Ghana to determine the distribution and abundance of elephants and the human and ecologi
variables that affect them. Fifty-two 1-kilometre transects were systematically distributed in three strata (higt
medium and low density) based on elephant dung-pile density recorded in an initial reconnaissance. Tv
estimation models were used to estimate elephant numbers: a rainfall model gave an estimate of 115 (95%
=[90, 148]) elephants while a steady-state assumption model provided 146 (95% CI = [107, 185]) elephan
Water availability explained a high proportion of the variance in elephant distribution and illegal activity.
Other variables assessed, including raphia stand, secondary vegetation, gap length and fruiting trees, did
account significantly for the distribution of elephants.

Résumé

En février 2004, en saison séche, on a réalisé une étude des éléphants dans I'Aire de Conservation de

dans la Région occidentale du Ghana, pour déterminer la distribution et I'abondance des éléphants ainsi (
les variables humaines et écologiques qui les affectent. Cinquante-deux transects d’'un km de cété ont

déterminés systématiquement dans trois strates (haute, moyenne et basse) basées sur la densité de c
d’éléphant relevée lors d’'une reconnaissance préalable. Deux modéles d’estimation ont été utilisés pour éval
le nombre d’éléphants : un modeéle « chute de pluie » qui a donné une évaluation de 115 éléphants (IC 95¢
[90, 148]), alors qu'un modéele « stationnaire » donnait 146 éléphants (IC 95% = [107, 185]). La disponibilite
en eau expliquait en grande partie la variance de la distribution des éléphants et les activités illégales. D’aut
variables évaluées, comme la présence de palmier raphia, de végétation secondaire, la longeur de le’spa
les arbres en fruits, ne comptent pas significativement dans la distribution des éléphants.

Introduction The African Elephant Specialist Group through
its Small Grants Programme funded by the European
Around the turn of the 20th century, elephants wergnion supported a preliminary investigation into the
still widely distributed over the Upper Guinea forespossibilities of linking this population to others in the
zone and were little affected by human settlemei@uinean rainforests of western Ghana. This paper is
(Roth and Douglas-Hamilton 1991) until the 1950sabout two of the objectives of the extended study: 1)
when intensive development started. Currently, elée determine the distribution and numbers of elephants
phants in West Africa are fragmented into 84 sepdn the Bia Conservation Area and 2) to investigate
rate populations, many of which are small anthe relationship between elephant density and differ-
threatened (Blanc et al. 2003). Twelve of these camt levels of human activity and ecological factors.
be found in Ghana, five of them, including the im-  The study also provided an opportunity to test and
portant Bia population, are forest populations. compare elephant population size estimates derived
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from two estimation models, a steady-state assumpjethods
tion model (McClanahan 1986), and a rainfall model
(Barnes et al. 1997; Barnes and Dunn 2002). T
number of elephant dung piles lying on the forest floor
is determined by the number of elephants present ala reconnaissance exercise undertaken in February
the rainfall in the two preceding months (Barnes an2i004, the study area was divided into blocks and each
Dunn 2002). Hence, the rainfall model uses rainfablock thoroughly searched for elephant dung using
data from previous months to estimate the numbenseandering transects in a predetermined compass
of dung piles that are likely to be on the ground whebearing. The idea was to limit excessive cutting of
a survey is conducted and makes no such assunwegetation, which would have had to be done had
tions as steady states or normality. The steady-statiaight transects been used. Meandering transects
assumption model on the other hand assumes steadlyo enabled teams to cover much of the forest within
state in the forest, such as a steady rate of dung @eshort time.

cay. However, because rainfall varies from month to Based on the dung-density estimates from the re-
month, and in any one month is unevenly distributedonnaissance survey, the study area was divided into
across days, the steady-state assumption is oftdmee strata of population density: high, medium and
invalid (Barnes et al. 1997). Because of its apprecdiew (fig. 1). The southern half of Bia RR was desig-
able elephant numbers the Bia Conservation Araaated high density; the remaining northern half of Bia
(BCA) provides the opportunity to test and compar&R, medium density; and the whole of Bia NP where
the two estimation techniques (Heffernan and Grahano elephant activity was found, low density.

1999; Sam 2000).

econnaissance survey

Main survey

t r
Study area The standard line transect method (Barnes 19964,

Located in western Ghana, the Bia Conservation Aré&uckland et al. 2001) was employed for counting
(BCA), comprises Bia National Park (Bia NP) in thedung piles (Barnes and Jensen 1987) within the study
north and the adjacent Bia Resource Reserve (Bia R&ka in February—March 2004.
in the south (fig. 1). Both forests cover an area of 306 A grid consisting of squares, each one minute of
km? and were managed as a national park before théititude and longitude, was superimposed on the map
present classification. In early 1976, pressure from tlef the study area. An initial square was randomly se-
timber industry compelled the government to downgradected and an additional 51 squares were then system-
part of the park into a resource reserve to allow contradtically selected relative to it within the three strata
led logging (PADP 2001). Logging was however stoppeaccording to the relative dung density found during the
in 1997 and both forests classified as the BCA for eceeconnaissance (Norton-Griffiths 1978). One-kilome-
system protection, research and recreation. tre transects were placed in the middle of the selected
The BCA was originally part of a larger forestgrids and oriented northwards as a rule of thumb
ecosystem for forest elephants known as the Blgecause of the unavailability of major streams within
Group of Forest Reserves, about 1500,kmost of BCA. Thus 30 transects were distributed in the high-
which are non-existent. The Bia elephant range haensity stratum, 15 in the medium, and 7 in the low.
contracted due to clearance for cocoa cultivation and The perpendicular distance of the dung piles seen
is now an isolated population on an ecological islandn transects was measured from the transect centre
of forest with hard boundaries and no transitional zorlie using a tape measure. The distance along transects
to farmland (PADP 2001). was measured with a hip chain. Age of dung was
The vegetation comprises mair@Beltis zenkeri gauged using the criteria of Barnes and Jensen (1987).
and Triplochiton scleroxylormoist semi-deciduous Two survey teams of four persons each, led by a
forest, which is transitional towards the more typicatompass man (team leader) and a line cutter, were main-
rainforest association ofLophira alata and tained throughout the counts to ensure consistency.
Triplochiton scleroxylorfound in the southern part
of Bia RR (Taylor 1960; Hall and Swaine 1976). Rain-
fall is bimodal, peaking in June and October.
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Figure 1. Bia Conservation Area showing transect distribution in the various strata.
Analysis However, each of the variables ¢, D) is an esti-

mate with its own variance, which will contribute to
STEADY-STATE ASSUMPTION MODEL the variance oE (Barnes 1993)
Assuming a steady state in the forest, the density ér €) = var O) x [(Yr)2/D*] + [var (Yr) /D?] (2)
elephantsK) can be calculated from three variables
(McClanahan 1986; Barnes and Jensen 1987):  where

E=Yr/D @) var (Yr) = var (Y) - var () + Y?- var () +r2- var (Y)
whereY is the density of dung piles,is the decay 3)
rate and is the defecation rate. The value of the decay ratepf elephant dung in

the dry season was obtained from Barnes et al. (1994).
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No estimate of defecation rate has been done in BCig the canopy, length of gaps traversed by transect)
therefore Tchamba’s (1992) defecation-rate estimateas recorded.

from Cameroond) was used. The value of dung- Any human-built infrastructure or illegal human
pile density,Y,was calculated using the DISTANCE signs such as wire snares, empty cartridge cases,
program (Laake et al. 1993). poaching camps, cane and wood cuttings encountered
on the transects were also recorded. Other human in-
fluence such as the construction of trails or points
associated with loading or hauling timber products
Data on rainfall two months prior to the main line-was recorded as logging roads. All fruiting trees and
transect dung survey was collected from four raiwater sources such as streams, rivers, ponds and
gauges mounted around BCA and the mean total raiswamps without raphia palm (may be dry as survey
fall value was calculated for each month. A modelvas conducted in the dry season) were also noted.
that relates dung density,X to rainfall two months Regression analyses were used to investigate re-
preceding the survey was used to estimate densigtionships between dung density and all human and
(Barnes et al. 1997). Thus, geographical or other natural variables.

RAINFALL MODEL

Y,=1020.24 — 0.7RAIN_, — 0.4RAIN_, (4) Results
whereY,is dung density if there is one elephant pe
square kilometre arfRAIN , is the total rainfall (mm) area
in the first month preceding the month of the survey
andRAIN _, rainfall preceding the second (Barnes and\ total of 210 dung piles was spotted: 183 in the high

Estimate of elephant numbers in the study

Dunn 2002). density (6.1 piles per km), 27 in the medium density
Elephant densityH) is represented by (1.8 piles per km) and none in the low-density strata.
Dung density was significantly higher in the high-
E=Y/Y, (5) density than in the medium-density strata (Mann-
Whitney U testU = 41.5p< 0.05). The high-density
whereY is dung density from the survey. stratum had a higher density of dung piles, and as

The above analyses were done separately for eagkpected gave a higher variance (suggesting a highly
stratum, after which the separate estimates weckumped elephant distribution) than the medium-den-
merged (Norton-Griffiths 1978). sity stratum (table 1). Using the rainfall model, the
estimated number of elephants was 115 (90, 148 at
95% confidence level); with the steady-state assump-
tion model the estimate was 146 (107, 185 at 95%
On all transects, 10 sampling points were noted, eachnfidence level). The rainfall model gives asym-
at every 100-m mark. When the observer arrived atetrical confidence limits (CLs).
the designated sample point, a GPS fix of the point
was taken. .The vegetation_ type (including Secondaﬁ’actors affecting elephant distribution
forest, raphia palm stand, riparian vegetation and other
vegetation types, which would then be specified) waglost elephant activities were concentrated at the
noted. Also the canopy condition (presence of gap®uth and south-eastern sections of Bia RR and thinly

Factors affecting elephant distribution

Table 1. Estimates of dung density per stratum in the Bia Conservation Area

Stratum Area (km?) Dung-pile Variance* Number of
density (Y)* transects
Low-density 7.7 0 0 7
Medium-density 114.4 305.28 7650 15
High-density 113.5 758.61 10562 30

* Hazard rate model
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spread northwards through the central por- 3.0 7
tions with no elephant activity in Bia NP. ]
Figure 2 indicates that elephant distrii=
bution was clumped and significantly iné 204
fluenced (2= 0.759p < 0.05) by the number*
of water sources (ponds and dams). g 154
Elephants were reported hunted but tt
team could not ascertain the intensity. /g 1'0__
Adjuofia, a community in north-eastern Bi& 0.5
NP, for instance, an elephant was repof: )
edly killed less than three months into the ¢
study. Yet there was no direct correlation
between illegal activity and  elephantdis- 05T T T T T T T "1

2.5

tribution (2 = 0.413, NS). -5 0 5 T 15 2 25 3
However, there is a threshold dung-pile In [(water sources per km)+1]
density (approximately 5 dung piles per Y = 661+ 1.021 * X - .114 * XA2; RA2 = .759

km_) Fhat affects illegal act|V|t¥; no illegal Figure 2. Relationship between water sources and dung-pile
activity was found beyond this threshold density.

(fig. 3).

Similarly, no illegal activity was re-
corded on transects with more than ap- 5
proximately five water sources per DR l
kilometre (fig. 4). 4.0 7] oo

Other variables assessed: raphia stapd 35 ]
(r> = 0.005), secondary vegetatiani £ ‘qf) 3.0
0.249), gap length{= 0.079), and fruit- & 55 ]
ing trees per kilometreq{= 0.009) did ° 20 ] ® °
not account significantly to the distribu A
tion of elephants. 1.5 7]
1.0 o o0 00
0.5 ]

0 000 000000 0 00—

llegal adtivit

Discussion

Estimate of elephant numbers in -0.5 T T T T T T 1
the study area -2 0 2 4 6 8 10 12 14

Dung counts relate elephant numbers to Dung piles per km

a count of dung piles detected along lingy e 3. Scatterplot of illegal activity against dung piles per

transects, corrected for variables such@gmetre.

rainfall in the two months before the

count, rate of deposition of dung piles, and rate dfible for relatively short-duration investigations like
dung decay (Barnes et al. 1997; Barnes and Dumurs. Incidentally, the rainfall model also employs a
2002). The last factor is usually the most problenretrospective approach—that is, it uses the rainfall
atic (Laing et al. 2003), and many elephant surveyodata from previous months to estimate the numbers
have relied on data from other sites. A new alternaf dung piles that are likely to be on the ground when
tive approach, referred to as the retrospective modekurvey is conducted while making no such assump-
(Laing et al. 2003), employs a more advantageou®ns as the steady states or normality. It is more ac-
approach by estimating the mean time to decay cfirate than the steady-state method, which employs a
dung piles already present at the time of the surveyprospective’ decay rate for analysing data on dung
We could not use this method because it requires aount and hence does not estimate the mean time to
added dung decay rate experiment, which is not fedecay of dung piles that are present at the time of the
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suggesting no evidence for any signifi-

ji ] l ° cant change between the years 2000 and
A 2004. The estimates up to 2000 suggest
E 3.5 an increasing elephant density within
g 3.0 7] BCA over the last quarter century. At the
> 257 same time, the Bia elephant range has
3% 50 oo e shrunk to about one-fourth of its original
S 15 ] size (from 1500 krhto 366 knd), partly
S I as a result of the Sukusuku Forest Re-
2 107 ?0e o serve andhe Bia Tawya Forest Reserve
0.5 7] both being illegally and completely con-
01—® oo —9o0 0o 9o 006 0o verted to farmland (Martin 1982).gice
05 ] I I I I I I I | the increasing elephant density may re-

flect the same number of elephants in a

-2 0 2 4 6 8 10 12 14 16
smaller area.

Water sources per km

Figure 4. Scatterplot of illegal activity in relation to water sources

per kilometre Factors affecting elephant

distribution

survey (Laing et al. 2003). Also, rainfall varies fromFormerly elephants were found in both Bia NP and
month to nonth, and in any one month it is unevenlyBia RR (Short 1981; Martin 1982). Favourable con-
distributed across days. Thus the steady-state assurdjtions created by logging activities in Bia RR dur-
tion is often invalid (Barnes et al. 1997). This is suping the early 1980s (de Leede 1994), however, have
ported by the fact that the estimate provided by theaused elephants to migrate permanently into its
steady-state assumption model was not conservatigeuthern portions (Short 1981; Martin 1982). Both
but rather higher (21%) than that given by the rairBarnes (1996b and de Leede (1994), have also ob-
fall model. Conservative estimates of population sizeserved this pattern of distribution. However, in the
may be better than overestimates, especially if maourrent study, elephants were found to be more wide-
agers are faced with potentially damaging decisionspread than formerly observed. Indeed, there is a me-
such as whether or not they should reduce the sizedifim elephant-density stratum that extends above the
a population through culling (Eggert et al. 2003). Wenore southern high density to the limits of Bia NP,
thus estimate the average density of elephants at BGAggesting that after the ban on logging in Bia RR in
at 0.38 per ki) based on the rainfall model. 1998 elephants have gradually been dispersing to-
In an earlier study based on track identificationwards Bia NP.
Sikes (1975) estimated 52 to 82 elephants in BCA, Analysis of dung-pile distribution indicated that wa-
giving a density of 0.25 per KmMartin (1982) fol-  ter sources accounted for a large proportion of this vari-
lowed with an estimate of between 200 to 250 for thation in BCA; elephants were spending more time
Bia forest area, which was previously 150kemd  around water sources. Barnes (1996b and Sam (2000)
included BCA, but currently is totally degraded leavalso reported a positive correlation between elephant
ing only BCA intact and with elephants. Based on hiabundance and number of water sources per kilome-
elephant densities, he provided an estimate of betwega. These pools or water sources, which were more
89 and 113 elephants (0.29-0.37 pef)kior BCA.  abundant in the south and south-eastern sections of the
This compared well with an estimated density of 0.38serve, were created as part of the logging activities
per sgq km (40 to 135 elephants) by Short (1983). Mo Mim Timber Company. Their construction of wide
recently, Heffernan and Graham (1999) estimated 13fhd extensive logging and hauling roads (PADP 1998)
elephants, comparable to the estimate of 127 elephahtsse blocked many streams, forming several pools and
provided by Sam (2000) with densities of 0.45 andams along the sides of sections of the roads. Apart
0.42 per kriyrespectively. Our present 2004 estimatérom their swampy nature, the areas around these pools
of 115 elephants (0.38 ele-phants pef)katso lies were surrounded by thick thorny vegetation, which is
well within the CLs of the preceding two estimatesdifficult to traverse and hence likely to be avoided by
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hunters (Sam 2000). Therefore, while the pools pra&go (Eggert et al. 2003) and may constitute a sepa-
vided water for the elephants, the vegetation at thaiate taxon. If this becomes confirmed through more
banks also gave them protection. Barnes (1996b) fuextensive genetic sampling, the implications will
ther reported significant correlation between dung demake securing the long-term survival of the small and
sity and fruiting trees and Sam (2000) between durftagmented remaining populations of West African
density and illegal activity. This study found no suctelephants challenging indeed (Blanc et al. 2003).
correlation. Such a possibility provides a basis for seriously
Sam (2000) stresses that water availability in theonsidering the importance of the Bia elephant range
reserve is not a problem because of many atrtificial podisr elephant conservation in the subregion. The rela-
in the reserve. However, elephants may be avoidiriyely high elephant density estimate in the present
Bia NP due to lack of water in most elephant poolstudy ranks it high in importance for elephant conser-
especially in the dry season, when the present survegtion and for ensuring its long-term survival in the
was conducted. Besides, the national park was lagibregion; BCA has the third highest forest elephant
logged in the 1970s; that is, it has not been recentliensity and a relatively well-protected range (Sam
logged. Consequently, elephant movement and di2004). Within Ghana, its importance cannot be over-
tribution in the dry season may be restricted by wate@mphasized, especially taking into consideration the
availability more than any other single factor. Anumber of forest populations available. Such a high
deeper understanding into this current movement teencentration of elephants in a relatively small area
wards the national park after a long period of absenedso has management implications for tourism. Fur-
is worth obtaining. thermore, the Bia population far exceeds the mean size
Mean illegal activity in BCA (0.74 activities per of 40 elephants set as priority forest populations in West
km) was comparable to other Ghanaian forests like thidrica (AfESG 1999). A population of just over 100
Kakum (0.67) and Ankassa (0.97) Conservation Areadephants is fairly large for today’s fragmented forests
(EBMP 2000; 2001). Similarly, illegal hunting for al- but still is small, and is less than the viable population
most all species of animals occurs there includingize estimated by Sukumar (1993). Hence, arguments
several killings of elephant (Sam 2000). Althougtior the possibilities of linking this population with the
elephants are fully protected in Ghana, the Bia el®ther elephant populations, especially the Goaso popu-
phant population, like others in the country, is stillation and those in eastern Cote d’lvoire, is crucial in
threatened. The last illegal elephant killing was justnsuring the long-term survival of Ghana’s elephant
three months before this current study. It may be thpbpulation and that of West Africa.
as many elephants as are recruited are lost annually.
Our information suggests that elephants may be k?”eﬂ\cknowledgements
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elephant conservation in West Africa

West African elephants may have diverted from the
rest of Africa’s elephants more than two million years
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