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Seed predation and germination of Acacia erioloba in the Kuiseb River Valley,

Namib Desert
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We investigaled some interaciions between mammalian herbivores, bruchid seed predators and seeds of
Acacia erioloba E. Mey in the Kuiseb River Valley, Namib Desert. Predation by bruchid bestles was
significantly lowar in canopy-held pods than pods on the ground. Germination success was highar for
ingested seed than in an untreated control and almest zere for predated seed. Acid and scarification
trealments resulied in almost complete germination success. The study provides some support for a
miAualistic refationship between mammalian herbivores and acacias, ke A. erioloba, with indehiscent pods.

Die interaksies tussen soogdierherbivore, saadparasiterende ‘bruchid’-kewers en saad van Acacia erioloba
E.Mey. in die Kuisebriviervallel, Namibwoastyn is ondersoek. Die parasitering van saad deur ‘bruchid’-kewers
was aansienlik laer waar die peule nie afgewerp was nie as by peule wat op die grond beland het. Ontkieming
was hoér waar die peule deur die herbivore gevreet is en bykans nul by geparasiteerde saad. Suur- en
skarfikasisbehandeling het tot 'n ho# persentasie ontkieming gelei. Die ondersoek lewer 'n mate van steun vir
die gedagte van 'n mutualistisse verhouding lussen soogdierherbivore en akasias, met nie-copspringende

peule, soos A. ericloba.
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Introduction

Acucia erioloba E. Mey is widespread in Adrica and
gecurs throughoul most of the drier southern African
savannas. It is an important tree species in the Kuiseb
River Valley of the central Namib Desert (Theron et of.
1985) and forms part of & lincar oasis, vital o animal
migration and plant dispersion patterns (Huntley 1985).
A. erioloba has indehiscent pods which are an tmportant
food source for indigenous and domestic animaly
(Hamiiton ef af. 1977; Coules Palgrave 1953).

Bused on work on Acecia rortiliy {Forsk.) Hayne, a
three-way relationship between herbivores, acacias with
indehiscent pods and bruchid beetles has been suggested
(Lamprey et al. 1974). The seed pods and a proportion
of the seeds are consumed by herbivores and form an
important part of their diet (Gwynne 1964). By having
indehiscent pods and round sceds, most of which pass
andamaged through an animal's gut (Leisiner 1961
Gwynne 1969; Lamprey 1967, Hamiiton et af. 1977, but
see Jarmun 1976), these acacias are thought (o be
adapted to herbivory. FThe digestive juices may “soften’
the seed coat (Cavanagh 1980) or fraciure the lens, thus
facilitating water imbibition during germination (Fran &
Cavanagh 1984). Germination success s thereby
improved (Lamprey 1967; Halevy 1974; Lamprey et al.
1974). Enhanced dispersal and favourable germination
microclimates are also possibie advantages of being
caten (Coughenour & Detling 1986).

Bruchid beetles are common Acacia seed predators
{New (983). Mature adults lay eggs on or in developing
pods and the young larvae live off the muturing seeds
{Halevy 1974). The pods eventually fall 1o the ground,
remaining there until eaten by herbivores. The longer

the pods lie on the ground the greater the insect preda-

tion tevels {Lamprey ef al. 1974). If the predators are still

in the egg or carly larvad stuges then ingesiion of the pods

by herbivores will kill them before they are able 1o

mature and eat the seed embryos (Leistner 1961,

Lamprey ef af. 1974}, 1f the seed predators have

penetrated the seed but not destvoyed the embryo,

however, then the beetle exit holes may increase the
permeability of the seed coat resulting in rapid
germination {(Lamprey et al. 1974). This may have
adaptive significance in environments characterized by

unpredictable rainfali events (Halevy 1974).

We studicd predation of A. erioloba pods collected in
the Kuiscb River Valley near Gobabeb, Namib Desert,
and investigated the effects of a range of seed treatments
on germinativn. We tested the following hypotheses:
(1) Canopy-held pads would have lower levels of seed

predation compared to pods which have lain on the
ground (Lamprey et al. 1974);

{b) Predated seed and sced which have passed through
the gut of mamnalian herbivores would have higher
germination  successes  than  untreated  controls
(Halevy 1974 Lamprey ef al. 1974).

Materials and Methods
Seed predation
Twenty Acacia erioloba pods were collected from the
canopy and 20 from the ground beneath the canopy trom
fve trees in the Kuiseh River Valiey about 10 km east of
the research station at Guobabeb in July 1987

The pods were opened and sorted into predated, non-
predated and ‘aborted’ categories. The exit holes of
insect predators casily distinguished predated from non-
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predated seeds. Although we classified all extensively
deformed and shrivelled seed as ‘aborted’ we did not test
that their appearance was as a direcl result of abortion,
nor did we test their viability.

Germination
We used four replicutes of 25 seeds cach for
germination trials. Only plump (i.e. no ‘aborted’ seeds)

ihe
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Table 2 Resuits of fitling the
generalized linear model to
number of predated seeds. A
deviance of 1943 with 182
degrees of freedom indicates a
qood fit 1o the model (P>0,5). A
scale factor of 9 was used,
indicating considerable overdis-

were used in the experiment. The controf consisted of persion (McCullogh & Nelder
untlreated, noﬁfpredmcd, seeds, We compared germin- 1983)

ation in predated seeds and treated seeds with that of the

control. Seed treatments included 30, 60 and 90 min in {a) Regression coefficients

concentrated sulphuric acid and abrading the seed coat
with sand paper. We fed Acacia erivloba pods to catle,

Regression

collected the seeds from the dung 36 h later and recorded Factor  cocflicients  S.F T
their germination success. We did not have access Lo
. . Cuonstant -(1.26 0.27 -7
other mammalian herbivores known 1o consume A. . .
. Ground L7 0.25 4.28
erioloba seeds [e.g. gemsbok (Oryx gazelld), chacma
, . . . — Tree 2 .13 (136 .36
baboons (Papio wrsinus) (Hamilton er al 1977, sce also e 3 o 0T 180
. . - . e =] = L.
Leistner 1961}] and this precluded their use in the o _

. . o Tree 4 —1.43 1,39 -2.48)
germination trials, Tree S 19 038 150
The seeds were germinated in 9-cm petri dishes cach e ) o

containing three No 2 Whatman filter papers. We added
3 mi of a fungicide (Benlate) at a concentration of (0) Predicted probability

01,075%. Seeds were incubated at equal periods of 12 h at
30°C in the light and at 15°C in the dark. Germinated

of predation

seeds (those with the radicle emerging 1-2 mm beyond Canopy  Grountd

the seed coat) were recorded and removed every day for

10 days and thereafter every second day until days 33. Tree 043 0.69
Tree 2 (047 0.7z

Statistical methods Tree 3 0.2 .43

The number of predated seeds in a pod can be modeiled free 4 0.20 0.42
Tree 5 .38 (.65

as a binomial distribution with probability of predation
depending on faciors such as whether the pod was on the
ground or the canopy and individual tree differences.
The effects of these factors were estimated using a gener-
alized linear model with a binomial error distribution
and a fogistic link function (McCullogh & Nelder 1983).
Similarly, the probability of germination depends on the
treatment and a generalized linear model was used to
estimate treatment effects.

Results
Predation

The number of seeds per pod for the five Acacia erioloba
individuals studied was 16,1 & 3,7 (n = 200} pods). The

Table 1

range of seed predation levels was high for both canopy-
held pods and pods on the ground (Table 1), Levels of
seed abortion appeared fairty constani between trees
and whether pods were collected from he canopy or
around.

Seeds from pods collected from the ground had a
significantly higher probability of being predated than
seed from canopy-beld pods (Table 2). Trees 3 and 4
were significantly less predated than trees 1, 2 and 5.

The bruchid beetle, Bruchidius senegalensis (Pic) was
the dominant seed predator. Coleopteran {c{. Bupres-

Predation of Acacia ericloba seeds in pods taken from the

canopy and the ground beneath the canopy of five trees in the Kuiseb

River Valley

Ground (%)

Canapy {%

Tree Predated  Mon-predated  Abarted Predated  Nonepredated  Aboried

I SEIE344 3303302 1535117 43124009 J5R£39.0 [ = ]
2 7024364 2394339 594 8.5 2954374 5712274 1h9+22.2
3 45, 0+42.5 40,1135 11,7x16.1 102£22.8 F48EI2R 150%13.4
4 3ZA4E176 0 5041184 062103 18.8£25.3 57.5x3500 2374133
3 42.5133,1 3624287 284202 358£27.5 R R 23.2:8£20.0
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tidae) and Lepidopieran farvae were also rarely found as
was a species of parasilic  wasp (Pteromalidae:
Hubrocytus sp.).

Germination
Abrading the seed coat and soaking the seeds in acid
increased germinalion success (Figure 1).

Germination success after 3 days was erratic and no
significant  difference belween treatments could be
detected at this stage (Tuble 3). There was no significant
difference in the final germination success between seed
coul abrasion and acid treatments. Most of the embryo
was eaten in the predated seeds wnd only one seed
germinated, Compared to the control, final germination
success was lower in predated seeds and higher in seed
{ed to catile.

Discussion

Our data are consistent with the hypothesis that higher
levels of predation would be recorded for seed on the
ground compared 1o canopy-held seed. This is probitbly
hecause the former seed are older, and there 18 more
time available for larval development of the predator
(Halevy 1974; Lamprey ef af. 1974). Seed predation also
appeurs to differ significantly between trees.

Seeds of Acacia eriofoba are similiar to those of many
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other acacias in that special trealments are necessary to
preak inmate dormancy (Harper 1977) due to hard
seededness which prevents the passage of water and
oxypen (Cavanagh 1980). In nature, dormancy s
presumably overcome when the seed coat breaks down
a5 a result of the action of micro-organisms, soil acids,
and  temperature  {Tuctuations  (Cavanagh 1980).
However, seeds of acacias with indehiscent pods remain
relatively unexposed to these factors. Halevy (1974) and
Lamprey ¢t af. (1974) suggest thal seed predators and
herbivores may be important in breaking secd dormancy
for species with indehiscent pods. Our study supports the
assertion that ingestion of the sced by mammalian
herbivores enhances germination success. However,
contrary to Halevy's (1974) findings, no positive effect of
seed predation by bruchid beetles on germination was
found. As only one predated seed germinated, the data
are insufficient to make any comment about the change
in seed permeability due 1o the action of bruchids.

Our data therefore provide some support for the
mutualistic relationship between mammalian herbivaores
and acacias with indehiscent pods us outlined by Halevy
(1974) and Lamprey et al. (1974). Clearly, the ingestion
of seed by herbivores prior 1o the maturation of the
larvae of predators will affect favourably the fitness of
the acacias. This is probably also an important way in
which seed is removed from the pods and thus exposed
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Giermination of Acacin erinfoba seeds collected in the Kuiseb River Vailey.
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Table 3 Results of fitiing the generalized linear
model to number of germinating seeds. At 3 days the
deviance of 37,6 with 21 degrees of freedom indicates
an unsatisfactory fit (P<0,05). At 33 days the deviance
of 16,58 with 21 degrees of freedom indicates a very
good fit (F>0,9)

(a) Regression coefficients

3 days 33 days
Regression Regression

TFreatment Cocfficicat S E. 7 Coofficient N T
Control -2, 24 50 ~1,71 21 -3.38
Abrasion 0.9 24 (.04 2.5 B.47 585
Acid 30 min {37 24 0.3 2.4 0,43 53467

alt mio -0.7 24 =303 2.31 0.4t 563

9(} min {12 24 D01 2,93 n.sn 0 3,90
Predation -12,0 34 =035 -4.60) 1,02 4,51
Ingestion -1,8 24 (3,08 0.35 2060 02

(b) Predicted probability of
germination after 33 days

Treatment Probability
Controi 0.33
Abrasion 0,94
Acd 30 min 1,92

60 min 9l

00 min .95
Predation 0.01
Ingestion (1,59

to dormancy-breaking factors (sce also Hamilton et al.
1977).

The riverine woodlands of the Namib are important
both as a forage resource for game during dry periads
(Hamilton et al. 1977; van Wyk ef al. 1985} and to
stabilize sediment transfer in waler courses subjected to
occasional but massive water flow (Hattle 1985).
Although Topnaar Hottentot communities in the Kuiseb
River Valley do possess caitle, these herbivores are
pbviously not entirely representative of  natural
processes in these habitats (sce Hamilton et al. 1977).
This needs to be emphasised, as Leistner (1961) has
shown that germination success may differ, depending
on the herbivore used. Finally, while germination may
be enhanced by ingestion, scedling defoliation could
likewise eliminate new recruits. Population studies,
{herefore, would provide greater insights into manage-
ment problems in the region.
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Hydrologic influences on soil properties along
ephemeral rivers in the Namib Desert
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Soils were examined along three ephemeral rivers in the Namib Lesert to assess
the influence of their hydrologic characteristics on soil properties. Soils consis-
ted of layers of Auvially deposited, organic-rich silts, interstratified with fluvial
and acolian sands. The most significant influence of the ephemeral hydrologic
repime upon soils was related 1o the downstream alluviation associated with
hydrologic decay. This alluviation increased the silt proportion of soils in the
lower reaches of the rivers. Organic carbon, nitrogen and phosphorous were
correlated with silt content, and silt deposition patterns influenced patterns of
moisture availshility and plant roeting, creating and maintaining micro-habita-
ts for various organisms. Localized salinization occurred in association with
wetland sites and soluble salt content tended to increase downstream. Because
of the covariance between silt and macronutrients, and the influence of silt
upon moisture availability and habitat suitability, alluviation patterns associated
with the hydrologic regime strongly influence the structure, productivity, and
spatial distribution of biotic communities in ephemcral river ecosystems.
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Keywords: alluvial soils; hydrology: silt; soil nutrients; organic matler; soil
moisture; saliniry; Africa

Introduction

While a large body of research has examined the role of fluvial processes in shaping
sedimentological features along dryland rivers (Picard & High, 1973; Baker et al., 1988,
Graf, 1988; Warner, 1988), less atiention has been given to the influence of these
processes upon soil properties of significance to the riparian biota. Studies to date have
shown that moisture and nutrient availability, as well as soil salinity, are key factors
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