ﬁ“ Hydrobiologia 443: 1-8, 2001. 1
i‘ © 2001Kluwer Academic Publishers. Printed in the Netherlands.

Temporal and spatial distribution of the baetid Afroptilum sudafricanum
in the sediment surface of a tropical stream

Jude Mutuku Mathooko
Department of Zoology, Egerton University, P.O. Box 536, Njoro, Kenya
E-mail: jmmathooko@egerton.ac.ke

Received 15 December 1999; in revised form 21 September 2000; accepted 7 October 2000

Key words:autecology, baetid, stream, dispersion, Kenya, biometrics

Abstract

Spatial and temporal distribution patternsAffoptilum sudafricanunfLestage), a baetid from the Naro Moru

River, Kenya, are analyzed and discussed. The seasonal distribution patterns of density and biomass were dis-
similar, mosaic-like and stochastic. The distributiorfoudafricanundensity was patchy, especially during wet
season 1 (June—July) and the dry season (August—October). The distribution of biomass showed more concentration
patches during wet season Il (November—January) and the dry season than in the wet season |. The density/biomass
(D/B) ratio, as a measure of recruitment and also an important descriptor of the distribution of the biomass and
density concentration patches, indicated that much of the recruitment occurred during wet season | (D/B = 78.2),
in contrast with wet season Il (D/B = 37.1) and the dry season (D/B = 61.7). The seasonal size-spectrum of the
individuals inferred from the D/B ratios, starting from the smallest to the largest sizes was as follows: wet season

| <dry seasorwet season Il, corresponding to the natural alternation of the seasons. Estimates of the negative
binomial parametek showed that 18.2% of all density samples showed strong aggregatiok (21.0), 36.4%
quasi-random pattern& & 2.0 but notk<0) and 45.5% weak aggregation (:0k< 2.0). One hundred percent

of all biomass samples showed quasi-random pattén8)( It was evident that weak density aggregations and
guasi-random patterns of biomass were integral features oAfilogtilum sudafricanunpopulation in the Naro

Moru River. Further research on the population dispersion could reveal the underlying causes of this contrasting
scenario between density and biomass.

Introduction pervasive characteristic of natural environments. This
implies that benthic animal populations persist in a
Faced with the complexity of nature, ecologists have mosaic of occupied and unoccupied sites. Within this
long sought broad patterns as a means of drawing or- context, streams as dynamic unidirectional flow hy-
der from variety (Clarke & Johnston, 1999). In partic- drosystems experience a wide streambed structural di-
ular, ecologists have long been intrigued by the spatial Versity with consequent extreme spatial and temporal
and temporal distribution patterns of a population. It fluctuations in benthic biota abundances. Distribution
is because of this that a plethora of ecologists are still and abundance patterns across a habitat complex are
seeking to understand how species are ‘packed’ into fundamentally influenced by how individuals within a
patchy, unstable or stable habitats. The habitat, act- population move and reproduce, and by factors lim-
ing as a templet, normally dictates the kinds, numbers iting populations at various scales (Bevers & Flather,
and population distribution patterns that describe the 1999), including other factors that operate both within,
stream benthic community structures (Poff & Ward, and externally to, the population (Elliott & Hurley,
1989, 1990). However, this is complicated by the ex- 1998). The organism—environment relationships are,
istence of habitat heterogeneity which is described as atherefore, importantin explaining spatial and temporal
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distribution of benthos whilst between-site hetero- Materials and methods

geneity contributes to benthos diversity (Sheldon &

Haick, 1981). Study site
Investigations of the Naro Moru River have so far

been based on invertebrate drift (Mathooko, 1988),

colonization of artificial substrates by benthos (Mat-

The study site was on the Naro Moru River (Figure 1),
a fast flowing gravel stream situated in central Kenya.

hooko, 1995), effect of artificial physical disturbance As the stream was described in details by Mathooko

on mayflies and species diversity (Mathooko, 1996a, (1988, 1996a, 1998, 1999a), only features relev-

1998, 1999a), fish diet (Van Someren, 1952: Mat- ant to the present investigation are given (Table 1).
hook(,), 1993,’ 1996b), and shredders-'coarse’ partiC_The streambed substrates are generally oblate spher-

ulate organic matter interactions (M. Dobson, A.M. oid with a sorting coefficient of-2.0, indicating that
Magana, J.M. Mathooko & F.K. Ndegwa unput;lished the substrates are very poorly sorted. The stream has
data). The present paper, in contrast, deals with the 2 width of abou'F 8.4 m and mean daily d_lsch_arge of
population dynamics of a single baetid specifsop- _0.431. nt/s. Glaciers on Mt. Kenya supply its tributar-
tilum sudafricanumin time and space. This species :gs W'tdh. w;’:\ter thrqutght?]ut tEhe yea'r\.l '!'he NﬁrohMo[)u
has previously been described by taxonomists and Ver discharges into the twaso INyIro, which stb-
stream ecologists (e.g. Gillies, 1992, 1999a; Math- sequently dlscharge§|nto the L.orlan Swamp. From its
ooko, 1996a), but its distribution in streams is poorly source to the stu_dy S.'tei the glntude drops by 2552 m.
known. In Kenya,Afroptilum sudafricanunmhas so R'paf'a” vegeta.tlon n its middle af‘d upper reaches
far been collected from the Rift Valley in the vicin- consists of tr.oplcal rainforest species which form a
ity of Lake Naivasha beside rivers Gilgil, Malewa and closed gallerial canppy«{S?% cover). The penth|c
Murindati (Barnard & Briggs, 1988), and also from fauna of the stream is very diverse and mayflies (Eph-
the high altitude streams of East Africa (e.g. in the emeroptera) form apout 25% of the macrozoobenthos
Naro Moru River by Mathooko, 1988, 1996a; in the (Mathooko & Mavuti, 1992).
Isigi River by Gillies, pers. comm.). The reasons why
this baetid was of particular interest for this study
include the following: Quantitative benthic samples were randomly collected
(a) its abundance at the stream sediment surface sugf"om the upper 10 cm of the sediment surface of a
gests that it is an important component of the food 'iffle in the Naro Moru River, using a Hess sampler

Collection and processing of the benthic samples

web (cf.Centroptilum sudafricanunElectivityin- (& 2.0 dm, 80um mesh-size). The exact sample po-
dex (Ivlev, 1961) value in the diet of rainbow trout; ~ Sitions were marked on a well-prepared outline map
+0.9 (Mathooko, 1988)). of the study site during each sampling occasion to al-

(b) its rapid population fluctuations as a response to low for the plotting of surficial distribution profiles of
physical disturbance on the streambed (e.g. Math- the Afroptilum sudafricanundensities and biomass in

ooko, 1996a, 1999b) implies that it could be used the STd'mef‘tF- Tretc?jll]f:ctlgn Qf ? sta;\]mple frorP ?agh
in stream quality assessment. sample position lasted for 3 min. In the present study,

. , ) . a total of 231 data sets (i.e. 21 replicatdd sampling
(c) its use as an organism for testing ecological hypo-

h dovel h h hesi occasions) were collected and analyzed. After collec-
theses (e.g. deve opm_ent asynchrony hypot SIS, tion, the samples were preserved in 5% formaldehyde
J.M. Mathooko, unpublished data).

solution and later rinsed with water through a series
Although the quantitative biology of this baetid is of nets of differing mesh-sizes to separate the animals
scantily known, regular sampling of its larval popu- from the debris. TheAfroptilum sudafricanumindi-
lation in the Naro Moru River from June 1993 through viduals retained in the sieves were then sorted under
January 1994 permitted the description of its spatial a stereo microscope and enumerated.

and temporal distribution in the streambed. Temporal Ash-free dry weight (AFDW) of theA. sudafric-
patterns of abundance were examined not only to anumindividuals was determined by using the con-
provide life history information, but also to address a ventional method whereby the difference between dry
central problem of ecology that deals with population weight and the weight after ashing of an individual
dynamics of a single species. It was the objective of is obtained. Samples were put in pre-heated and pre-
this study to examine the patterns in terms of densities weighed aluminium cups and oven-dried to constant
and biomass. weight at 60°C for 24 h, cooled to room temperature
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Figure 1. The Naro Moru River and the location of the study site. Inset shows the location of Naro Moru River in Kenya. Arrow heads refer to
the direction of water flow. Scale in kilometres.

and then weighed on a UM3 microbalance to obtain a given sampling occasion was calculated as follows:
the dry weight. They were then ashed at 3@0for 1 B = T AFDW:

h, desiccated for 1 h, and reweighed. When this pro- tot b
cedure was not possible, the total body length (TBL) whereBot is total biomass and AFDWs the ash-free
of the individual was determined, and the following dry weight of theith Afroptilum sudafricanunindi-

formula used to derive the AFDW: vidual. The density/biomass (D/B) ratio was used as
an index of recruitment of individuals into the exist-
AFDW = 0.00248&°%TBLI (Mathooko, 1996a). ing Afroptilum sudafricanunpopulation and also as a

descriptor of the nature of the concentration patches.
The total body length was obtained by measuring the  Although the biological basis of the use of the
individual from the tip of the head to the base of the negative binomial distribution has been criticized (e.g.
cerci under a dissecting microscope fitted with an ocu- Williams, 1964), it is still the most applicable theor-
lar micrometer. Total biomass of all the individuals in etical frequency distribution and has been used to de-
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Table 1.Physicochemical characteristics of the Naro Moru 700 -
River at the study site
600 -

Location:
Naro Moru River: (Latitude: 903 S, @ 11 S; 500 -
Longitude: 36° 55 E, 37° 19 E)
Study site:  10' S, 37° 01 E

Altitude (m): 2035

Air temperature {C): 10.8-23.5

Water temperature®C): 11.3-18.1 200 1

pH: 6.88-7.99

Water depth (cm): 2.4-43.2

Water velocity (m/s): 0.10-1.48 0

Turbulence intensity: 0.05-0.24 s

Exposed streambed area2()no.0—56.0 W

Total monthly rainfall (mm): 0.0-166.7 L

Total monthly rainfall days: 0-21

400

300 1

Density (ind/sample)

100 +

Substrate characteristics

Shortest axis (cm): 1.500.25 &SD)
Intermediate axis (cm): 2.410.43
Longest axis (cm): 3.2#0.54
Sphericity (/): 0.70£0.02 2
Classification of substrates: Disc-shaped or oblate spheroid

Biomass (mg/sample)

Discharge characteristics 0-

River Gauging Station (RGS): 5BC2
Location of RGS: @ 09 55° S. 37° 01 3C° E Figure 2. Density and biomass d&froptilum sudafricanunin the

. . ' wet and dry seasons. wet season | (June-July), dry season (Au-
M‘ean discharge (fis): 0.755 gust—October), and wet season |l (November—January). Vertical
Discharge range: 0.121-3.571

lines: + standard error.
Total hectare metre: 57.0-197.5
Total discharge/day: 6.6—22.9

Wet season | Dry season Wet season Il

biomass ranged from 0.0238 to 0.2850 mgfdBens-

ity was lowest during wet season Il, with wet season |

(June—July) producing the highest density and biomass
scribe the degree of aggregation in aquatic organisms(Figure 2). Dry season and wet season |l biomass was
(e.g. Tokeshi, 1995). Contagiousness inAffiptilum similar in quantity.
sudafricanumpopulation density and biomass were The patterns of the horizontal distribution of dens-
analysed using the expondetf the negative binomial ity and biomass of théfroptilum sudafricanunindi-
distribution which was estimated according to Tokeshi viduals on the study riffle are shown in Figures 3 and
(1995) thusk = m?/(s>~m),wheremis the arithmetic 4, respectively. As expected, the seasonal distribution
mean and? is the variance. Small values kf{<1.0) patterns of density and biomass did not mirror each
are taken to indicate strong aggregation whilst larger other and both distribution patterns were mosaic-like.
values indicate weak aggregation that approaches ran-The highest density and biomass concentrations were
domness. A negativk value shows that a pattern is 43 ind/dn? and 106x 103 mg/dn? and were ob-
tilting towards a regular dispersion. served during wet season | and the dry season, respect-

ively. The distribution ofA. sudafricanunwas gener-

ally patchy, especially during wet season | (June—July)

Results and the dry season (August—October). The distribution
of biomass showed more concentration patches during
The population ofAfroptilum sudafricanumvas fluc- the dry season and wet season Il (November—January)

tuating spatially and seasonally. The total population than in the wet season |. To determine the nature of the
ranged from 36 ind/dfto 214 ind/dnd whilst total distributions, values df of the negative binomial were
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Figure 3. Isolines showing the seasonal horizontal distribution of
Afroptilum sudafricanundensities at the streambed surface of the
Naro Moru River. Tints show areas with densitie40 ind/sample.

Black dots indicate areas of the highest concentration of density.
Arrow shows the direction of water flow.

1 Metres

calculated for all samples and examined graphically as
in Figure 5. Based on Tokeshi (1995), casek sf2.0

were considered to represent near randomness (quasi-

randomness), 1.8 k < 2.0 weak aggregation, while 0

< k< 1.0 corresponded to truly aggregated situations.
Thek values calculated for the density and biomass of
Afroptilum sudafricanunirom June 1993 to January
1994 (i.e. during each of the 11 sampling occasions)
ranged from 0.43 to 4.47, and from —-1.14 to —0.01,
respectively. Close scrutiny of Figure 5 revealed the
following distribution patterns: Density: true aggrega-
tion makes up 18.2% of all the cases, quasi-random
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Figure 4. Isolines showing the seasonal horizontal distribu-
tion of Afroptilum sudafricanumbiomass at the streambed sur-

face of the Naro Moru River. Tints show areas with biomass
>40x10~3 mg/sample. Black dots indicate areas of the highest
concentration of biomass. Arrow shows the direction of water flow.
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Figure 5. Frequency distribution of the negative binomial of expo-

patterns 36.4%, and weak aggregation 45.5%; bio- nentkin the Afroptilum sudafricanunpopulation of the Naro Moru

mass: quasi-random pattern 100% and all the other

River.
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Time and space function together to shape lotic pop-
ulation patterns of abundance and biomass. Much
speculation has been proffered on the extent to which
these patterns reveal the underlying processes respons-
ible for population structure. Random patch formation
(sensuTokeshi & Townsend, 1987) envisages aggreg-
ation to be stochastically variable rather than being

. , . largely fixed throughout the life cycle of an organism.
Wetseason|  Wetseasonll  Dryseason The surficial density and biomass distribution isolines

60

40 4

Density/Biomass ratio

20 4

0

Figure 6. The distribution of the density/biomass (D/B) ratio in the ~ Showed that the distributions of density and biomass
wet and dry seasons. Vertical lines:standard error. of Afroptilum sudafricanunshifted with seasons and

were dynamic. Biomass and density distributions in
the two wet seasons (I & Il) were different, although
the patterns were expected to be similar. This con-
trasting scenario could be due to differences in stream
distribution descriptors 0%. The distribution patterns hydraulic regimes and life-history characteristics of
of the densities and biomassAfsudafricanunthere- the Afroptilum sudafricanunndividuals. During wet
fore, contrasted each other. In the wet seasons |, Il andseason IlI, resources were probably widely and uni-
dry season, the med&n(+SD) values for density were  formly distributed due to the high discharge of about
1.18 (0.45), 2.75 (1.31) and 1.83 (1.55), respectively. 0.71 n¥/s which increased the wetted area of the
Similarly, in the wet seasons I, Il and dry season, the stream channel and therefore the individuals could
meank values for biomass were —0.02 (0.002), -0.03 have been provided with a wider diversity of habitats
(0.01) and —0.24 (0.50), respectively. This meant that to exploit. This could be the most plausible explana-
the densities of the wet season | and dry season genertion for the regular density distribution pattern during
ally showed weak aggregations and the wet season llthis season. Since the dry season flow is normally low
quasi-random pattern. All the seasons showed quasi-(i.e. 0.17 ni/s) and does not wet the entire stream
random biomass patterns. It is, therefore, evident that channel, organisms tend to concentrate in the reduced
weak density aggregations and quasi-random patternswetted area where food and/or oxygen concentration
of biomass were integral features of tAdroptilum might be high. These, together with other factors,
sudafricanunpopulation in the Naro Moru River. could explain the existence of density concentration
Density/biomass (D/B) ratio was used as a measure patches on the streambed during the dry season.
of recruitment and essentially gives the total number of The horizontal distribution of the densities and
individuals required to weigh 1.0000 mg. The larger biomass ofAfroptilum sudafricanunmshowed weak
the D/B ratio the smaller the weight and size of the in- aggregation and quasi-random patterns, respectively.
dividuals. It was observed that the highest recruitment Hatching of the eggs into larvulae and the subsequent
occurred during wet season | (Figure 6). This meant migrations and colonization of the sediments by lar-
that the small individuals attained large sizes progress- vae may have led to quasi-random distributions in wet
ively from wet season I, through the dry season to the season Il. During this season the baetid distribution
wet season Il. Intuitively, the number of individuals could have also been widespread due to the already
required to weigh 1.0000 mg decreased as follows: mentioned high discharge that wetted a large stre-
wet seasonztdry seasoswet season Il, followingthe ~ ambed area compared with the low discharge of 0.44
natural alternation of seasons. Recruitment into the and 0.24 r/s for the wet season | and dry season,
already existing population, therefore, decreased in respectively. It could, therefore, be concluded that
wet season Il (November—January) as depicted by theaggregation in theAfroptilum sudafricanunpopula-
low D/B ratio and the few individuals needed to weigh tion density was generally weak. There was a gradient
1.0000 mg. Therefore, this ratio could also be an im- of dispersion patterns ranging from quasi-randomness
portant descriptor of the distribution of the biomass as (near random)k>2.0) to strong contagion (k<1.0)
well as the density concentration patches. for the baetid population density over the entire study
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