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Sitala jenynsi snails from the University and Wazo populations of Dar es Salaam, Tanzania, were released on
grass, and on forest terrain, in both regions during the dry (February, March) and the rainy seasons (April). Snail
dispersion was assessed as weekly quadratic means and as the overall Diffusion Coefficient 0.423 m“/week.
The coefficient was enhanced by grassy habitats, continuous vegetation cover, absence of edible plants and
rainy weather; conversely, dispersion was retarded by shrubs, vegetation discontinuities, presence of edible
plants and dry weather. There were differences in the rate of dispersion between populations, snails from the
University Campus being faster. In each release a broadly unidirectional dispersion was recorded. The popula-
tions in question, seasons and the direction of origin of the snails seemed immaterial to directionality of disper-
sion. The dispersion rates of Sitala jenynsi exceeded those of the helicids Cepaea nemoralis and Theba pisana
and of the partulid Partula taeniata. While observed dispersion rates of S. jenynsi may warrant the mixing of indi-
viduals in a population, they seem insufficient to facilitate appreciable migration of snails between neighboring

populations.

Introduction

Drastic spatial changes in the morph-frequencics of adjacent
populations have been reported in several species of land
snails (Lamotte 1959; Owen 1965; Clarke 1968: Jones 1973:
Cowie 1984a) Explanations of these distributions invoked
genetic sampling drift (Goodhart 1963: Hickson 1972), the
founder process (Mayr 1963) and natural sclection either by
the external cnvironment {(Cain & Sheppard 1954; Cain &
Currey 1968) or by the internal environment (Clarke 1968:
for a review. see Jones, Leith & Rawlings 1977).

Due to prolonged periods of drought in some years and the
land-clearing activities by humans, populations of the arbo-
real snail Sitalu jenvnsi (Pfr)) undergo considerable reduc-
tions in numbers (Kasigwa 1975), ideal situations for the
occurrence of genetic dnft. There is also evidence to suggest
that the snail, through the agency of the annual fires, is being
reduced into founder stocks centred on the island’ thickets
which survive the fires; an island thicket is equivalent to a
deme — an effectively panmictic aggregation of organisms
which is spatially discrete and lasts for at least one breeding
season. Assuming the population was originally genetically
homogeneous. subsequent heritable differences between the
progeny of different demes will depend mostly on random
genetic drift, genic and gametic combination events intrinsic
in each deme. the selective environment and the duration of
inter-isolation preceding deme conjunction.

This article documents the dispersion of Sitala jenyns: at
presumed inaxunum dispersion rates. and the extrinsic factors
influencing the dispersion. Then it asks whether. given maxi-
mum dispersion rates, founder populations inter-isolated by
small distances. could remain isolated long enough to
undergo  genelic  divergence  before  dispersion-facilitated
gene-flow sets in, In this account dispersion is used in the
sense of Platnick (1976), namely. the regular movement of
individuals, usually over short distances, in active responsc (o

intrinsic andfor extrinsic factors {Williamson. Cameron &
Carter 1977; Peake 1981 Wipfli. Peterson. Hoge & Wedberg
1992). The term ‘dispersal’ (sensu Baker 1978). the passive
and usually accidental migration of an animal as initiated and
matntained by environmental agents (sec Reces 1965; Ath-
ias-Binche 1993). may not accurately apply to the present
study.

Methods

Adult Sitala jenvise snails of the same generation (7.5-10.0
mm 1n shell diameter) were collected from the Mosque forest
within the University of Dar es Salaam’s main campus and
from the airfield at Wazo Cement Factory (Figure 1). The two
regions arc almost central in the latitudinal range of the spe-
cies: they are about 14 km apart in central Coastal Tanzania
(6° 28' - 32" South by 39" 13' - 38" Cast). After collection,
snail shells were marked at a sutural point using enamel ink
Scraping the periostracum before marking was avoided as
shells of the snails from the university campus are very thin
and liable to fracture. The enamel mark lasted over three
months. well beyond the duration of the experiment, even
without paint reinforcement. Snail handling and marking
were carried out between [0.00 and 15.00 hours, the period
when S jenynsi is mmost quiescent (KKasigwa 1999). The snails
were released in the evening (18.00 19.00 hrs) before their
nocturnal periods of activity. Release consisted of placing
individual snails withdrawn into their shells onto 2 < 2 ¢m
arids marked on a | « | m green card-board quadrat. The
quadrat, with its shails equidistant from one another was then
either attached to shrubs at 1.5 m height from ground surface
or located on a lawn of 15-20 cm grass height: the snails thus
became free to disperse from a central aggregation. The mini-
mum distance from the centre of telease (o the shrub bound-
ary was 36 m while that to the fawn margins was 25 m. After
a minimum of 24 hrs the new position of cach snail was
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Table 1 Details of Sitala jenynsi released during studies on snail dis-

persion

Release

No. and source

Release site and

Season. release duration [ cast no

reference  locality of snails dominant {lora in days and (nor of of snaily
sampling occasion) recovered

IR 75 University lawn Rainy April 48
University Masque Eragrosus aethropica 8 (7)

2R 60 University shrubs Rainy April 43
University Mosque Pinchea dioscoridis 14 (7)

JR 90 Wazo lawn Rainy April 50
Wazo Airfield Cymbapogon spp 15 (14)

4R 75 Wazo shrubs Ramy April iR
Wazo Airfield Markhamia zanzibarica 18 (8)

1D 50 University lawn Dry February 26
University Mosque Eragrosns aethiopica 13 (10)

2D 106 University shrubs Dry Fubruary 41
University Mosque Pluchea dioscoridis 21 (3)

D 143 University lawn Dry March [N
Wazo Airfield FLragrosns aethiopica 14 (13)

measured as the straight-line distance from the common point
of release. Information regarding release reference code, snail
number and origin, release site, vegetation, scason, duration
of release and the re-capture occasions are summarised in
Table |.

The Quadratic mean and the Diffusion Coefficient were
applied to express the dispersion data. In the quadratic mean
(or root mean square) dispersion (D) equals 2V[(Zd?)/N],
where  is the linear distance between the release point and
the recapture point of an animal and N is the number of ani-
mals recaptured (Clark 1962). Generally, the chance of
encountering a dispersing animal decreases the farther one
searches {rom the point of release. For animals in the same
release. those which disperse in the vicinity of the release
point have a higher probability of being discovered in com-
parison with their faster moving counterparts. Should disper-
sion tend towards a normal distribution (see Figure 2) the
arithmetic mean (x ) would fall lcft of the actual mean
because the former statistic ignores the disparate chances of
snail discovery in the dispersion range. A correction for the
undiscovered animals. most of which occur in the periphery
of the dispersion range, is contained in the quadratic mean
(D). This measure of central tendency usually exceeds the
arithmetic mean and is an efficient estimator of dispersion
rates.

The Diffusion Coefficient c2/(2t) is the variance of disper-
sion distances divided by twice the dispersion time. The time
variable in the divisor reduces the dispersion variance and
produces near constant results regardless of occasional spuri-
ousness and duration of release.

Results

It was logistically impossible to measure the performance of
all the releases on the same days. The D-values obtained are
presented in Figures 3 and 4 and the Diffusion Coefficients in
Table 2.

Effects of plant habit. floristic composition and weather
on snail dispersion

The snails of IR and 2R originated from the same Mosque
population and were released during the April rainy month at

30 -

20¢p

N
N

20

Percentage frequency

a0

20

7

12 3 4 5 6 7 8 9 10 u 12 13 (00

Distance trom release site in cm

Figure 2 An instance of (he horizontal distribution of Sitala jenvnst
dispersion of IR, release | on a fawn i the rainy season during the
initial three dayvs
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Figure 3 Dispersions of Sitala jenynsi on Umversity lawns and
shrubs during dry weather and rainy weather Vertical bars indicate
the 95% confidence intervals of quadratic means (D). 1R. 3R and 4R
are release references. details of which are given in Table |

the University (1able 1). Whereas the rclcase on a lawn (1R)
attained a D-value of 9.0 m within a week, the release on
shrubs (2R) managed some 3 m in the first week and just 5 m
by day 14 (Figures 3 & 4). the two dispersion rates differ sig-
nificantly at p < 0.05. The corresponding Dif. Coefs. were
3.02 m® per week (i.c. potentially 157.28 m? per year) for the
release on grasses and 0.77 m? per week (or 39.63 m? per
year) for the release on shrubs (Table 2). As for the release
during the dry season on lawn (1D) compared with the release
on shrubs (2D, Table 1), again the latter snails showed signif-
icantly slower dispersions. lagging some 4 m behind by the
second week (Figure 4).

The release of Wazo originated snails during the rainy sea-
son on Wazo shrubs (4R, Table 1) produced spectacular
results, their initial weekly dispersion rate (Dif. Coef. 1.0 m?)
being remarkably high for a release on shrubs. However,
when the snails moved beyond Markhamia zanzibarica (DC.)
Engl. shrubs and their climber Bonamia poranovides Hall f.
and on to Hoslundia opposita Vahl., Suregada zanzibarien-
sis Muel. Ara. and Premna chrysoclada Boj. Guerke, their
dispersion rate declined (Dif. Cocef. 0.516 m%/week, see Table
2). Both Murkhamia zanzibarica and Boramia poranoides
are not edible to S jenynsi; the snails actively move away
from inedible plant species (Kasigwa 1991).

As for the effects of the weather, the relevant releases are
snails from the University Mosque population released on the
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Figure 4 The dispersion of Sutala jernvnst on Wazo lawns and shrubs
during rainy weather. Vertical bars indicate the 93% confidence inter-
vals of quadratic means (D). 1R, 2R. 1D. 21 and 3D are release ref-
crences, detatls of which arc given in Table 1

same site of a lawn during the ramy weather (1R) and the dry
weather (1D, in Table 1). IR attained 9 m in a week as com-
pared either to 1D’s 2.2 m during the same interval of time or
to 6.4 m on the cleventh day (Figure 4). Steady showers on
days 3, 5 and 7 of IR were associated with maximal incre-
ments in D-values relative to the dispersions on showerless
days 2, 4 and 6 (Figure 3). In addition. a rare shower on day 9
during the dispersion of 1D promoted the daily mean D-value
from 0.36 m to 1.35 m. Snail dispersions on shrubs were also
cnhanced by rainy weather: the greatest D-value of 2R was
5.19 m (Dif. Coef. 0.77 m” per week), a significant contrast
to 1.75 m (Dif. Coef. 0.08 m? per weck) for 2D during the
same duration of dispersion (Figure 4 and Table 2).

Population characteristics and snail dispersion

A comparison of 1R (the rainy season relcasc on University
fawn) with 3R (the rainy season release on Wazo lawn)
reveals constantly higher dispersion rates by IR (Figure 3).
The vegetation in the dispersion ranges were mainly Eragros-
tis aethiopica Chiov. at the University lawn and Bothriochiou
sp., Cymbopogon spp. and Dacryloctenium sp. in the Wazo
Airfield; these grasses are only moderately edible (Kasigwa
1991). The D-values of 9.0 m for [R and under 4.0 m per
week for 3R differ sufficiently to merit explanations beyond
the floristic differences at the release sites.

1D (University S. jenynsi) and 3D (Wazo S jenynsi) both
released during the dry season at the University lawn also
suggest population differences in snail dispersion: after an
initial Dif. Coef. of 0.471 m>. a probuble effect of the trans-
fer, 3D settled to an overall Dif. Coef. of 0.333 m*/weck. ID.
on the other hand, had a slow start (0.24]1 mZ/week) but
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Table 2 The daily Diffusion Coefficients {[c2/(2t)] cm?} of released Sitala jenynsi and (in brackets) the

numbers of snails recorded

Diffusion coefficient

Days followmg

date of release [R 2R 3R 4R 11} 2D N
1 2093(60) 1363(50) 869(92) 1135(74) - - -
2 1139(59) I118(73) - 241(42) - -
3 4359(53) 737(52) 968(74) 818(60) 30641 RI5(21)
4 3964(52) - IBS3G63) - 18437y - 128210
N S378(49) 747(48) 4684(59) 1729(61) 300037 469(12)
6 671145 - 1400(53) - 204(3%) - 411(14)
7 S4R3(51) 104(50) 1976(03) 1973(31) 339(34) 149¢41) 366(15)
S - - 173UST) 444(32) 247014
5 - 1345(51) 1364(42) 665(33) 1566(26) 2015y
10 - 3649(59) - 1291(28) IAS N
I 1380(48) 2674(64) 614(46) 1212(28) - GAA(13)
12 - - 1872(64) - PO 211
13 - 1042(46) 3313(56) 798(46) 447(15)
14 1097(46) - - 63(15)
1% - 2688(38) 870(38) - 4017
16 - - - 7200
19 - - - 2001y -
93% Confidence Limits

I, 3052.02 92421 1791 94 746 31 366 02 LEINY| 3363

X 4320.79 1094.1 2366.18 1075.30 657 60 112 85 475 0%

L 558557 1262 0 204043 1404 29 04y 18 14218 636 43
Weekly Diffusion Coetlicient, in m>

3.025 0.766 1.656 0.753 0460 0079 0333

adopted a higher overall Dif. Coef. (0.460 m? per week), thus
dispersing faster than the snails from the Wazo population
(Table 2). The latter snails have a larger body and shell mass
(Kasigwa 1975) although these parameters may have litile
bearing on relative speeds. It would be useful to determine
dispersion rates as related to the age (= size) of snails, as in
some cases of /elix pomatia (Hansson 1991).

The onset of movements which are of no consequence to
snail dispersion is also relevant to the population differences.
Consider dispersion, expressed here by quadratic means, as
the mean linear distance between the release point and the
recapture points of a large sample of animals. Suppose the
sample has already achieved r, a certain dispersion distance.
As long as the animals move along the circumference and
maintain the same distance from their release point, their dis-
persion would register as r, the radius denoting the circumfer-
ence. Nor can changes in dispersion occur if the animals
oscillate on either side of the circumference. | refer to such
movements as ‘ineffective migration’ in the sense that they
are of no consequence to dispersion. Snails from the Wazo
population attained dispersion plateaux during the period of
observation (see 3R and 3D in Tigures 3 and 4); they reached
about 4 m on average, after which distance they engaged in
ineffective migration. Snails from the University population
on the other hand did not show ineffective migration (see 1R

and |D mn Figure 4). Their D-values exceeded 6 m and were
dispersing effectively throughout the period of observation,

Direction of dispersion

Snails adopted directional migration. occurring more abun-
dantly in some quadrants from1 about day four following thewr
release. In the releases on grasses the quadrants eventually
narrowed into small sectors whereas the releases on shrubs
described bigger sectors of the compass. Tuble 3 is a record of
the development of unidirectionality for IR and 3R, the com-
pass quadrants named clockwise; snails found in each quad-
rant are indicated as a percentage of the total number of snatls
recorded on a particular day. In IR the snails dispersed pro-
gressively into quadrant 3 (sector radials 185"-235°) whereas
in 3R the snails selected quadrants 1 and 2 (sector radials 76"
—126"). The overall direction of dispersion on the last day of
the experiment is represented diagrammatically in Figure S,
the radii encompassing the dispersing snails within the sub-
tended angle.

Discussion
Snail dispersion as influenced by plant habit and flora

Reference to 1R versus 1D (Figure 4 and Table 2) justifies the
conclusion that plant habitat exerts considerable effect on the
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Table 3 Directional dispersion of Sitala jenynsi indi-
cated as the proportion of snails in a compass guadrant
on each day of sampling

Dispersion  No of snails Percentage of snails in Quadrant

day recorded
l 2 3 4
| 73 9 32 52 8
2 60 4 25 70 |
3 58 2 21 78 -
IR 4 54 - 10 89 _
S 52 - 4 97 -
6 48 - - 100 -
7 52 - - 100 -
Mean daily rank of Quadrant 3 2 | 4
SD 0 0 0 0
| 93 27 20 22 30
2 76 24 29 25 22
3 77 25 32 17 26
4 70 3l 48 14 8
b 64 3 48 10 8
6 59 28 53 11 7
7 64 23 60 9 7
iR b 39 18 68 8 8
L] 30 12 75 10 4
10 62 12 73 3
[l 64 10 76 9 [
12 50 14 73 6 6
13 58 12 77 0 3
13 58 14 78 N 3
Mean daily rank of Quadrant 207 121 311 3.61
SD 0.267 0.802 0 446 0813

dispersion of S. jenynsi. Shrub habitats reduce the rates of dis-
persion because in such vegetation the snails cover long dis-
tances three-dimensionally while achieving dispersion, the
linear distance between the animal’s release and recapture
points. Short grasses and herbs, on the other hand, enhance
snail dispersion.

The effect of flora on snail dispersion is positively related to
the edibility of the plant. The snail seeks suitable plant spe-
cies for nocturnal browsing and then rests on the browsed
plant (Kasigwa 1991). Inedible plants tend to be avoided. the
snaif then proceeding to species stands of dietary appeal. It is
considered that the fast rates of dispersion elicited on Mark-
hamia zanzibarica and Bonamia poranoides were manifesta-
tions of avoidance behaviour rather than spontancous
migration from a central aggregation. In addition to affecting
the rates of dispersion, avoidable flora could alter the direc-
tion of dispersion by obstructing a dispersing trend. A corre-
sponding case of positive correlation between vegetation (?
food and shelter) and the microhabitat distribution of Cepaea
nemoralis was reported by Chang & Emlen (1993).

The dispersion rates of S. jenynsi, a nearly permanently
arboreal snail, are probably nearer to 2R and 2D than to IR

S, Al ). Zool. 1999. 34(4)

and ID. The mean dispersion rate in the shrubs during both
seasons; {[c” /(20)]-g + [6° / (20]sp} . 2. therefore estimates
the dispersion of S. jenynsi as 0.423 m- per week i.c. 4225
cm?/wk or21.97 m? per year. However, on an ideal fow mown
lawn, the snail could cover. {[6°/20)] + [62/20] ! ¢ 2.

i.e. 1.743 m2/wk or 90.6 mZ/year. This is possibly the maxi-
mum dispersion rate attainable.

Population and weather factors and the direction of dis-
persion

Populations differed in the rates of dispersion and in the ulti-
mate distances attained. snails from the University being the
faster. The relative slowness of Wazo snails (suggestling
reduced intermixture of individuals) might relate to the
greater spatial variation in the distribution of morph frequen-
cies which Kasigwa (1975) reporied in that region. It would
be desirable to release Wazo snails at Wazo itself during the
dry season and at the University during the rainy scason. in
addition to relcasing the snails from the University campus at
Wazo during both seasons. The four reciprocal transfers
would make comparisons between populations more compre-
hensive. The transfers were deliberately omitted in this study
to avoid the risks of post-transfer mortality and of artitficially
contaminaling the natural populations at either region

The positive effects of the humid weather on snail dispersion
rates possibly arose from correspondingly high relative
humidity. during which weather the snails remained active
and mobile longer A related study has demonstrated that the
vertical migration of snails regresses negatively on relative
humidity (Kasigwa 1999). As an arboreal animal descends
from plant heights it tends (from multiplanar) towards unipla-
nar movement. thereby acquiring faster dispersion rates. On
the other hand, it should be noted that heavy showers, through
physically pattering on snail bodies and facilitation of surface
pools, could block directional dispersion and lead to ineffec-
tive migration; release 3R during the heavy rains on days 5-9
may have thus been affected (see Figure 3). A moderately
heavy rain could effect the greatest dispersion rates. Dry
wealher, through its generally high evaporative polentials.
causes the snail to withdraw into stationary quiescence rather
than remain active for dispersion (Cameron 1970).

The direction of dispersion was gencrally locality specific.
The source from which the released sample had been col-
lected appeared to have no bearing on the direction of disper-
sion. Snails of 3R. for instance, did not disperse wmito all
directions though they had been collected from all over the
airfield and released at a central point: instead. they moved
into a particular direction irrcspective of their sites of origin.
It is possible that 8. jenyns: does not exhibit homing behav-
iour as do Achatina, Ariolimax. Helicella and some other pul-
monates {Fdelstam & Palmer 1950: Pollard 1975: Cook
1979; Rollo & Wellington 1981; Chelazzi, Le-Voci & Parpag-
noli 1988; Tomiyama 1992).

Falling rain and prevailing wind are presumably the two
major seasonal factors which have localised direction That
the cause of directional dispersion was not related to the sea-
sonal factors is suggested by the directional similarity of the
dry (ID) and of the rainy (IR) scason releases of snads from
the University Campus (Figure 5b). The snails originating
from Wazo (3D) also orientated southwardly, overlapping the
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other two sectors (Figure 5b). Moreover, the directions of the
releascs during the rainy season (IR and 2R) and the South-
West Monsoon winds were incongruous, snails generally
adopting the compass sectors of 1D and 2D, the carlier
releases of the dry season. Nor did the dispersions on Wazo
shrubs and Wazo grasses suggest directional concordance
either with falling rain or with the prevailing wind (see Fig-
ures Sc and 5d). The causes, factors and process of directional
dispersion are subjects of a separate investigation (Kasigwa
1999). Some directionality of dispersion s known also for
released Cepaca nemoralis (Goodhart 1962).

Dispersion rates of S. jenynsi and of other shails

The mean dispersion rates of S jemnsi (= 0.423 m*rweck)
can be compared with the reported rates of other externally
polymorphic snails. Several species of the genera (epaea.
Partula and Theba are also polymorphic for shell colour and
patterning. In addition, each specics shows spatio-temporal
patterns in the distribution of its shell morph frequencices
usually in form of dynamic equilibria, genetic clines and area
effects. Species under these genera have therefore been inval-
vable for micro-evolutionary studies (Cain & Currey 1968;
Cook 1971: Murray & Clarke 1980; Cowie 1984b; Muruke &
Nasuwa 1986; Kawasange & [uena 1994: James & Kyomo
1697). The diffusion rates of Cepaea nemoralis 1. were deter-
mined by Goodhart (1962; see also Cameron & Williamson
1677). Hickson (1972) calculated the rates for Theha pisana

Muller, and those of Partula tucniata are derived Irom Mur-
ray & Clarke (1984). The latter three snails have farrly low
dispersion rates (Table 4). Their lite cycles are longer than
that of § jemeasio namely about four years for O nemoralis
and P. taeniuta and two vears for Theba pisana (Lamotte
1659: Murray & Clarke [984: Cowie 1984Db). Relative to .S

Jemynsi, C pemoralis and T pisana have larger shell sizes.

assuming that size may have an inverse bearing on dispersion
rate. They measure 20-30 mum in diameter (C. pemordais
Cook & O 'Donald 1971 Lamotte 1959: Cook & Peake 1962)
and 17-20 mm (7. pisana: Hickson 1972, Cowie [984b). P
taeniata 1s more conical than helicoid. and measures 20 mm
high by 15 mm wide (Crampton 1932). ' nemoralis 1s found
in mixed habitats including the grasses, hedgerows and for-
ests of the temperate regions (Cain & Sheppard 1934
Lamotte 1959) whereas 7' pisana mhabits the grasses and
herbs of coastal subtroptcal sand (Bishara. Hassan & Kaliny
1968. Cowie 1984a, 1984Db). Relatively smaller sized S
Jenynsi (11.0+ 1.5 mm shell diameter) have only a year-long
life span and this is not subject to the harshness of winter: the
snail is active for longer periods. undertaking neither acstiva-
tion nor prolonged quiescence It would take (.
about two years and 7" piveria 2.4 vears to cover the optimum
area (i.c. 22 m7) which S0 jemase presumably covers in s
twelve months of life.

nemoralis

Although the rates of dispersal of S jemynss exceed those of
the other snails by a factor of twao. they are nevertheless too
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Table 4 A comparison of the dispersion rates of Sitala
fenynsi. Cepaea nemoralis, Partula suturalis and Theba
pisana

ml Time 1 weeks 02/(20 m2wk Variance Meun
& jenvnsy 0-1 393 904 26
12 461 863 -
¢ nemoralrs’! 0-4 501 4.01 -
4-14 104 209 221
14-31 038 427 -
P raemata” 1-2 027 - -
3 032 102 N
56 389 - -
7-% 331 -
I prsana’ 0l 079 149 -
1-2 033 071 175
2-3 410 821 -
Sources

1 Goadhart (1962). Cameron & Williammson (1977)
2 Murray & Clarke (1984)
3 [hekson (1972)

low 1o factlitate rapid intermixture of adjacent populations.
For instance. it would take ncarly five years (that is five gen-
erations) for two colonies of S yenvusi located 200 m apatrt in
a forest to merge. This time interval is arrived at through two
simplifications. firstly, that a spatially continuous vegetation
cover persists through the period of mutual isolation and,
secondly, that the different age groups of a generation adopt
dispersion rates similar to those of adult S yemwsi studied
herc  Whether the eventual conjunction and admixture of
neighbouring populations would lead to population de-differ-
entiation remains a puzzle. Some populations can diverge
parapatrically even in the face of considerable gene flow as.
for instance. under (i) large selection differentials between
neighbouring environments (Jain & Bradshaw 1966: Cook

1971, Adams 1975). (ii) geographically uniform selection
gradients (Murray 1972: Endler (973, 1977), (ii1) disruptive
selection in a heterogeneous environmenl (Maynard Smith
1966, Dickinson & Antonovics [973: Halkka 1978) and/or
(iv) stasipatric chromosomal arrangements (White 1978;
Hammond 1981). On the other hiand, the genetic differentia-
tion af other populations scems retarded and/or nullified by
gene flow as. for instance, under a high immigrant to native
ratio (Mayr 1979) and low selection coctticients (Wright
[1969: Rohlf & Schnell 1971). The case with S jenvnsi is one
where the territories of (and distances between) different pop-
ulations are smali; the environmental heterogeneity and selec-
tion differentials entailed are probably also minimal, within
the cocfficients which foster effective (de-differentiuting)
uene flow.

Some timitations ot using dispersion studics in the estima-
tion of gene flow (sec Mallet 1986) may be inapplicable to
the present case ot § jemynss: this is largely because the
degree of snail recapture was fairly high, rendering greater

S.Afr. ] Zool. 1999, 34(4)

accuracy 1o the dispersion variances Secondly. simultane-
ously hermaphroditic S ;emynsi has no demographic compli-
cations that are posed by gonochorism. the separateness of the
sexes. [t may owe, at least in parl, 1o low magnitudes of snail
cxchange and gene flow that some ncighbouring localities
interspaced by just 100 m of shrub discontinuity show hetero-
geneity in the frequencies of their genctic morphs (Muruke &
Nasuwa 1986: Kawasange & Lucna 1994, James & Kyomo
1997 Baur & Baur 1990).

A behaviour which may hamper dispersion is that S. jenynsi
snails arc not aggregative (compare Theba pisang and Heli-
cellu virgata. Hickson 1972; Pomeroy 1968: Cowic 1984h).
In the Zoology forest (Figure 1). a densely inhabited locality.
the mean direct distance to the nearest netghbour was 64 ¢cm
among juveniles and 70 cm in the adults outside the breeding
scason (Kasigwa 1975). The disperston of individuals who
are already nterspersed is likely to be lower than that of
aggregated individuals. simply hecause the former engage
more into effective migrations (analogous to random
molecular diffusion). In terms of dispersion (from a release
point) such behaviour. however intensive. registers nil disper-
sion. The aggregated individuals, on the other hand. tend to
disperse outwardly cither ommdirectionally (as in response to
high density) or uni-directionally (such as towards a localized
resource). In contrast to aggregative behaviour. therefore.
interspersive behaviour may prove to be a tfactor retarding
snail dispersion.
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