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Abstract

A study was conducted in the upper reaches of the River Njoro watershed to test the impacts of changing land-use patterns,
from predominantly forest to pasture and agriculture, on benthic macroinvertebrate communities. Stream sampling sites
were chosen to correspond to the main offstream land uses, including forests, grazing, small-scale agriculture, and intensive
agriculture. Physicochemical variables were measured at each sampling site, and from collected water samples. Sampled
macroinvertebrates were identified, and taxon diversity, richness, evenness and dominance were estimated for each
site. Higher mean temperatures were recorded at the grazed and cultivated sites, compared to the forested sites. Higher
ammonia concentrations were characteristic of the grazed parts of the watershed, while higher mean total phosphorus and
total nitrogen concentrations were observed at the intensively cultivated sites. Baetis and Simulidae composed 65% by
number of all the invertebrates collected. They dominated the benthos of the cultivated sections of the watershed, where
they formed up to 75% of the observed invertebrate numbers. However, higher mean diversities, richness and evenness
were recorded at forested sites, with a few taxa (notably Lepidostoma hirtum, Potamon sp., Leptophlebia sp. and Helodidae)
being restricted to these unpolluted reaches, although many other taxa were common to all sites. Our findings suggest that
a change from forestry to agriculture and grazing land uses have affected the physicochemical environment of the River
Njoro, leading to a reduction in the diversity and evenness of benthic macroinvertebrates.
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INTRODUCTION

In recent years, there have been calls for broader, more

mainly because running water ecosystems are intimately
tied to physical, chemical and biological processes that occur

holistic approaches to aquatic ecosystem management for
the conservation of biodiversity, with emphasis on main-
taining the ecological integrity of streams (Wells et al.
2002) and their receiving waterbodies (Wetzel 2001). Not
unexpectedly, the character of a stream is determined by
the character and magnitude of the basin draining into it,
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throughout the catchment (Gore & Shields 1995). These
processes, in turn, influence ecosystems of the receiving
lakes, and can limit productivity, or lead to loss of biodiversity
as the pollution from landscape changes in the drainage
basin increases (Allan 1995).

The ubiquitous and sedentary nature of benthic macro-
invertebrates (Rosenbereg & Resh 1992), as well as their
measurable responses to ambient conditions and exposure
over time (Wells et al. 2002), facilitates their use as important
environmental indicators in stream ecosystem monitoring.
As a result of the restricted mobility and habitat preferences
associated with the benthos, they are subjected to the
full rigour of their local environments (Jones et al. 2002).
Subsequently, they also can change in composition and

© 2007 Blackwell Publishing Asia Pty Ltd



108

distribution with changes in their surrounding environ-
mental conditions (Carlisle et al. 2003).

‘When observed patterns of macroinvertebrate community
assemblages are related to offstream activities (e.g. land use
and in-stream habitat conditions, using physicochemical
parameters), ecosystem effects of ecological stress can be
discerned. Regardless of how a range of human influences
is selected among study sites, sampling sites that are
subjected to differing intensities and types of human activity
are essential to detect and understand the human influences
on them (Simon 2003). In this study, sampling and analysis
will concentrate on multiple sites within the same environ-
mental setting (e.g. within the same reach in a catchment)
across a range of conditions, from least impacted to severely
disturbed as a result of human activities (Carlisle et al.
2003). Accordingly, sampling sites in this study were con-
centrated in the upper reaches of River Njoro.

Land use in the Lake Nakuru basin has been changing
since the beginning of the last century, following large-
scale settlement by colonial farmers in the middle reaches
of the watershed, and later in the 1970s and 1980s by
indigenous farmers on former settler farms and adjacent
forest reserves in the upper reaches. The effects of
these land uses on the stream ecosystem have never been
investigated, although an introduced trout has already
disappeared from the river following these changes. This
study focuses on the upper River Njoro as an indicator
of ecosystem responses to land-use changes in the Lake
Nakuru drainage basin. This study has three primary
objectives: (i) to determine the physicochemical conditions
of the river; (ii) to determine the community assemblages
of benthic macroinvertebrates; and (iii) to assess the

Table 1.
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relationships between physicochemical parameters and the
macroinvertebrate community assemblages along a land-
use gradient evident in the watershed.

METHODS

River Njoro is the largest single contributor in Kenya of
run-off to Lake Nakuru. The River (0°30’S, 35°20’E) is
50 km long, and originates in the Mau escarpment at
=3000 m a.s.l. It terminates in Lake Nakuru at 1759 m a.s.l. The
river drains a complex landscape mosaic of both established
and newly created agricultural fields, grazing pastures, urban
settings, and forests. The majority of run-off is generated
in the upper portions of the watershed, which were histori-
cally forested with both native and plantation forests (Baldyga
et al., in press). Eleven sampling sites were chosen across
this upper portion of the watershed, to coincide with the
major land-use types (see Table 1 and Fig. 1). Runguma
and Salt Spring were chosen as ‘unpolluted references’ to
represent conditions of the river where indigenous forest
was the dominant land cover. Logoman and Tiriytagoi were
chosen to represent conditions at sites dominated by grazing,
while Sigotik upstream, bridge and downstream, and Nessuit
Bridge, were selected to represent newly cultivated portions
of the watershed that exhibited less-intensive practices and
intact riparian corridors. Forest Camp, Highland Flowers
and Confluence upstream represented parts of the watershed
settled earlier, and where agricultural activities have intensified,
including the introduction of greenhouse-produced flowers
and cultivation of riparian forest corridors.

The river was sampled twice in April and May and
once in June, July and August 2003. At each sampling site,
temperature (°C), pH, conductivity (uS cm™), dissolved

Descriptions of sampling sites in the upper reaches of the River Njoro, Kenya

Percentage land-use cover

Characteristic Altitude  Grassland/ Dense Plantation Riparian Degraded Large-scale Small-scale
land use Sampling site (ma.s.l) pasture  vegetation forest forest lands agriculture  agriculture
Forestry Salt Spring 2600 2 95 0 3 0 0 0
Runguma 2660 3.1 84.4 6 5.4 0.1 1
Grazing Logoman 2685 30 30.3 26.7 0 3.3 2 8
Tiriytagoi 2701 28.4 31.3 26.3 1.5 3.2 1.9 7.4
Small-scale Nessuit Bridge 2420 4.7 74.5 1.3 5.1 0 0.5 14
agriculture Sigotik Upstream 2417 18 48.4 19.5 2.6 1.7 1.2 7.5
Sigotik Bridge 2408 19 48.4 19.5 2.6 1.8 1.2 7.5
Sigotik Downstream 2402 18 48.4 19.5 2.6 1.7 1.2 7.5
Intensive Highland Flowers 2337 19 46.6 18.8 2.6 1.6 1.6 10
agriculture Confluence Upstream 2320 17.5 42.9 17.2 0 1.5 1.5 9.4
Forest Camp 2335 1 57.3 2.9 3.8 0.8 1.7 32.4
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oxygen (DO) saturation (%), and DO concentration (mg L)
were measured iz situ using a calibrated Jenway 3405
electrochemical analyser (Barloword Scientific Ltd, Dunmow,
Essex, UK). Total phosphorus (mg L), total nitrogen (mg
L), ammonium nitrogen (NH,-N; mg L), nitrite nitrogen
(NO,N; mg L), nitrate nitrogen (NO,-N; mg L), total
suspended solids (TSS; mg L) and total organic carbon
(TOC; mg L) concentrations were determined at the water
quality testing laboratory at Lake Nakuru, using samples
obtained from each site. All analyses were done following
standard methods as outlined in APHA (1998).

Benthic macroinvertebrates were sampled quantitatively,
using a modified Hess sampler with a circular sampling
area of 0.27 m® and a 100-um mesh size net placed on the
streambed. The area enclosed was agitated by hand, with
sediments, organic debris and associated macroinvertebrates
being dislodged and washed into a removable end-jar.
The jar was then removed and its contents were washed
into 1-L polyethylene bottles. Ten per cent formaldehyde
solution was then added, and the samples were transported
to the laboratory. To increase the probability of including as
many taxa as possible, samples were taken from a stretch
consisting of a pool, riffle and the transition zone, so that

109

three benthic samples were obtained at each site. At each
pool, transition area and riffle, the sampler was placed at
four different points at random to obtain the invertebrates,
which were then pooled to form a single sample. Samples
were then poured into Petri dishes in the laboratory, and
sorted under a stereomicroscope (Leica Zoom model 2000,
Leica Microsystems, Leica Microsystems, Wetzar, Germany).
Encountered organisms were counted and preserved in glass
vials for each sample, using a 70% ethanol solution. Samples
with large quantities of sediment and organic debris were
subsampled by dividing each sample into four equal parts,
from which one part was chosen randomly and processed.

Selected macroinvertebrates were identified according
to the methods of Savage (1989), Edington and Hildrew
(1995), Wallace et al. (1990), and an identification key of
the international postgraduate training course in limnology
(Vienna, Austria). Because of a paucity of published literature
and taxonomic keys of the Kenyan stream fauna, most speci-
mens were assigned only to the lowest taxon within which
they could be placed with certainty. Subsequently, many
specimens were identified only to family, and a few to genus
levels. Members of the family Chironomidae were identified
to subfamily and, when possible, to tribe.

Confluence
Upstream

. . ) . ) Salt Spring
Fig. 1. Sampling sites in the River

Njoro watershed (sites are located in
the upper portion of the watershed Tiriytagoi
(italics) in the region of the Lake Nakuru
basin that have undergone the most
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the past decade).
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pH values were recorded at the Little Shuru sites than at all
the other sites, although a down- or upstream pattern in the
pH was not evident. Furthermore, no discernable patterns were
observed between spatial variations in mean pH and land use.

The nitrate concentration was particularly lower at Salt
Spring, Runguma and Logoman, and elevated at Highland
Flowers, Nessuit Bridge, Sigotik Upstream and Forest Camp
(P <0.05). As these latter sites are located in cultivated parts
of the watershed, it is most probable that this phenomenon
is related to both crop production and livestock concentra-
tion, especially downstream of Tiriytagoi. The nitrite and
ammonium concentrations were low (mean <0.1 mg L) at
all sampling sites, except for Logoman, which exhibited a
mean concentration of 0.15 + 0.04 mg L' NH,-N (Table 2).
This site was heavily grazed because of its open-glade
grasslands favoured by Maasai herdsmen. Thus, the elevated
ammonia concentration might have been caused by dung
and other cattle excreta deposited on and along the stream
at the sampling site. The Sigotik Downstream and Tiriytagoi
sampling sites exhibited significantly higher mean total
organic nitrogen concentrations than all the other sites
(P=0.0001). The Logoman (2.8 + 0.12 mg L!) and Runguma
(0.20 + 0.04 mg L) sites also exhibited significantly lower
means than Sigotik Downstream and Tiriytagoi (P=0.0001).
The total nitrogen concentration followed the same trends,
with the higher total organic nitrogen concentration being
recorded in grazed and cultivated parts of the watershed
than in the forested reference conditions.

Very low orthophosphate—phosphorus concentrations
were observed at all sites sampled (Table 2). The Runguma
and Salt Spring sites had significantly lower (P = 0.0001)

Table 3.
sites in upper reaches of Njoro River during study period
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mean total phosphorus concentrations, compared to sites
in cultivated parts of the watershed, such as Confluence
Upstream, Nessuit Bridge and Forest Camp, which recorded
significantly higher mean values (P < 0.05). It was interesting
to note that the difference between the two reference sites
and grazed sites was only marginal, suggesting that grazing
as a land-use activity could not be a major source of
phosphorus enrichment of the stream. The Runguma site
exhibited significantly higher TOC concentrations than all
other sites sampled (mean = 82.63 + 14.03 mg L}; Table 2;
P < 0.05). This concentration is almost twice the values
recorded at the other sites in the watershed, except for
Nessuit Bridge. Significantly lower mean TSS concentra-
tions (30.5 + 8.72 mg L) were recorded at the Salt Spring
site, followed by Forest Camp (Table 2).

Benthic macroinvertebrates

A total of 22 892 macroinvertebrates, belonging to 70 taxa,
were encountered in samples collected from the upper
reaches of River Njoro over the period of this study. The
nymphs of the mayfly (Ephemeroptera) Baetis sp. were
the most abundant taxon, accounting for 38% in numbers,
followed by the blackfly (Diptera) larvae Simulidae (31%).
Together with larval Chironomidae (Tanytarsini, Tanypodinae
and Chironomini), Caenis sp., Ostracoda, Sphaeridae,
Lumbriculidae and Hymanella sp., they composed the ten
most abundant taxa, accounting for ~95% in numbers of all
the collected invertebrates. These ten taxa also occurred
at all the sites sampled.

The highest macroinvertebrate density (69 600 individuals
m™, Table 3) was observed at Highland Flowers in April,

Summary of taxa composition, density (individuals m™) and distribution of main taxa of benthic macroinvertebrates at sample

Highest Lowest Cumulative Cumulative Cumulative

density density Cumulative number of number of ~ Cumulative  number of

(individuals  (individuals number Ephemeroptera  Trichoptera  number of  coleopters

Land use Sampling site m) m™) of taxa taxa taxa Diptera taxa taxa

Salt Spring 12 800 400 36 6 8 9 4
Forestry Runguma 5000 200 32 3 7 8 2
Tiriytagoi 8 900 300 26 2 4 7 2
Grazing Logoman 11 900 100 33 2 3 12 3
Nessuit Bridge 11 800 100 20 3 3 9 1
Sigotik Upstream 17 800 500 36 4 7 6 7
Small-scale  Sigotik Bridge 5900 200 29 3 4 6 2
agriculture  Sigotik Downstream 35700 600 25 3 3 8 2
Highland Flowers 69 600 300 40 3 4 10 8
Intensive Confluence Upstream 6 500 100 30 3 6 6 4
agriculture  Forest Camp 5000 200 29 3 6 8 5
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the driest month. The lowest density (100 individuals m™)
were recorded at Confluence Upstream in May during the
wettest month of the study period. The highest abundance
recorded in the forested parts of the watershed was 12 800
individuals m™ at the Salt Spring sampling site in August
The lowest abundance (200 individuals m™?) was observed at
the Runguma site in May, the wettest month of the year. At
the grazed sites, the highest benthic macroinvertebrate
density (19 400 individuals m™) was recorded in June at the
Logoman site, while the lowest density (200 individuals
dm™) was recorded in the last week of May immediately
after heavy rains at the same site.

Thus, the highest abundance of macroinvertebrates in
the upper watershed of River Njoro was generally recorded
during the dry season, while the lowest was observed
during the wettest month of the year, both in the cultivated
parts of the watershed. It also can be deduced that, at sites
occurring in the least-impacted parts of the watershed, the
variation between the highest and lowest densities is smaller
than the range at the cultivated sites. Cumulatively, the highest
number of macroinvertebrate taxa (40) was recorded at
the Highland Flowers site. However, eight of this number
were adult beetles (Coleoptera) that were observed only
once during the first sampling occasion and were never
again encountered. This reduces the number of actual taxa
found inhabiting this site to a total of 32.

Overall, the highest number of taxa belonging to the insect
order Ephemeroptera was observed at the Salt Spring sampling
site, with Oligoneuriella sp. and Ephemera sp. occurring exclu-
sively there. This site also exhibited the highest number of
taxa of the insect order Trichoptera. Curculionidae, Dyopidae
and Laccophilidae occurred exclusively at the Highland
Flowers site. However, because these taxa occurred at very
low abundances (one or two individuals each), and were only
encountered during the first sampling occasion, no statistical
comparison of sites could be made. The Logoman site had
the highest number of taxa belonging to the insect order
Diptera. Non-insect taxa, such as Turbellaria (Hymanella sp.,
Mesostoma sp. and Catenulla sp.), Oligochaeta (Lumbriculidae,
Tubificidae and Naididae), Nematoda, Mollusca (Gastropoda
and Sphaeridae), Crustacea (Cyclopoida and Ostracoda),
and Hydracarina, occurred in low abundances and did not
exhibit any land-use-specific patterns.

The freshwater crab (Potamon sp.), however, was observed
in large numbers at the uppermost, least-impacted sites
(Tiriytagoi, Runguma and Salt Spring). None or one or
two individuals per sample were observed at sites under
small-scale agriculture, and none at all in the intensively
cultivated parts of watershed. They occurred in particular
abundance at the Salt Spring and Runguma sites. Likewise,
the seemingly rare mayfly nymph, Leptophlebia sp., occurred
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almost exclusively at the Salt Spring, Runguma and Logoman
sites. Its presence in low numbers at the Nessuit Bridge
and Forest Camp sites suggests that the individuals collected
were washed downstream from the Salt Spring site,
where an established population was observed. The larval
caddisfly (Trichoptera) Lepidostoma hirtum Fabricius
occurred in large numbers in the forested upstream
sites (Runguma and Salt Spring), but rarely at the sites
along cultivated parts of the watershed. The Coleoptera
family, Helodidae, also occurred almost exclusively at the
Runguma and Salt Spring site, implying these taxa are
sensitive to land-use changes, as they occurred only rarely,
or not at all, at grazed and cultivated parts of the watershed.

There was a significant difference in median relative
abundance of Baetis sp. between sampling sites (Kruskal-
Wallis aNovA by ranks test, # = 231; H=81.61; P=0.001). Sites
on forested and grazed parts of the watershed (Tiriytagoi,
Logoman, Runguma, and Salt Spring), however, exhibited
significantly low median relative abundances of Baetis sp.,
compared to the Sigotik Upstream, Highland Flowers, Nessuit
Bridge and Confluence Upstream sites, which exhibited up
to 75% dominance by Baetis sp. The relative abundance of
Simulidae was significantly higher at Sigotik Downstream,
compared to all other sites (P=0.001). There also were
significant differences between sites in the median relative
abundances of Tanypodinae (P = 0.004), Tanytarsini (P =
0.002), Hymanella sp. (P=0.002), Lumbriculidae (P = 0.0001
and Caenis sp. (P=0.0068). However, these taxa did not
show any discrimination of sites based on land use, unlike
Baetis sp. and Simulidae. Forested parts of the watershed
generally exhibited higher mean taxon richness, diversity
and evenness, compared to those at cultivated parts, while
the grazed sites exhibited intermediate means (Table 4).
The Runguma and Salt Spring sites exhibited signifi-
cantly higher taxon richness, compared to all the other sites
(P <0.05). Similarly, benthic macroinvertebrate diversity
did not show a particular downstream trend. However, sites
in the forested areas of the watershed (e.g. Runguma and
Salt Spring) exhibited significantly higher mean diversities
of benthic macroinvertebrates, compared to cultivated sites
like Sigotik Upstream, Nessuit Bridge and Highland Flowers
(P <0.05; Table 4).

As expected, macroinvertebrate evenness showed con-
trasting patterns with dominance. It is worth noting that,
although macroinvertebrate evenness followed the same
trends as diversity and richness, differences between
forested, grazed and cultivated sites were less distinct
(Table 4). The Tiriytagoi site exhibited the highest mean
evenness (0.99 + 0.25) of benthic macroinvertebrates in the
entire watershed, followed by the Salt Spring and Runguma
sites. These three sites also did not differ significantly in
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mean evenness between each other (P> 0.05). Thus, the
higher evenness of the distribution of benthic invertebrates
was generally observed at the least-impacted sites,
unlike sites in cultivated parts of the watershed, where the
communities were dominated by a single taxon (usually
Baetis sp. or Simulidae).

Relationships between
physicochemical factors and benthic
macroinvertebrate composition and

community structure
Based on Spearman rank order correlations, several signifi-
cant relationships were observed. Macroinvertebrate taxon
richness showed positive and negative correlations with
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temperature and total phosphorus, respectively (P < 0.05;
Table 5). Similarly, macroinvertebrate taxa diversity showed
positive and negative correlations with conductivity and
TSS, respectively. Baetis sp. was positively and negatively
correlated to TSS and conductivity, respectively (P < 0.05).
Simulidae exhibited significant associations with organic
nitrogen and pH. The abundances of Helodidae, Leptophlebia
sp., L. hirtum Fabricius and Potamon sp. were positively
correlated to DO, pH and TOC, but negatively correlated
to temperature, total phosphorus, total nitrogen, TSS
and nitrites. Thus, Helodidae, Leptophlebia sp., L. hirtum
Fabricius and Potamon sp. were clearly characteristic of
clean, forested reference conditions in the watershed. They
represent taxa with distributions restricted to the remaining

Table 4. Summary of mean (+ SE) community structure attributes for sample sites in the upper reaches of the River Njoro
Land use Sampling site Taxon richness Diversity Evenness Dominance
Forestry Salt Spring 9.44 +0.79 0.71 +£0.04 0.74 +0.25 0.25+0.03
Runguma 10.06 £ 0.74 0.75+0.03 0.76 £ 0.25 0.24 + 0.04
Grazing Logoman 7.57 +£0.99 0.58 + 0.05 0.67 £ 0.25 0.28 + 0.04
Tiriytagoi 6.35+0.80 0.84 +0.29 0.99 +0.25 0.01 +0.29
Small-scale Nessuit Bridge 4.27 +0.80 0.40 = 0.05 0.63 +£0.25 0.31 £ 0.06
agriculture Sigotik Upstream 6.90+0.74 0.38+£0.04 0.46 £ 0.25 0.54 £ 0.05
Sigotik Bridge 6.00 £ 0.79 0.51 +£0.05 0.68 +0.25 0.32 +0.05
Sigotik Downstream 6.38 + 0.60 0.43 +0.04 0.54 +0.25 0.46 + 0.05
Intensive Forest Camp 6.81 +0.56 0.59 +0.05 0.70 £ 0.25 0.30 + 0.04
agriculture Highland Flowers 7.18 +£0.76 0.41 £0.05 0.50+0.25 0.50 + 0.07
Confluence Upstream 550+ 0.72 0.50 £ 0.05 0.65 +0.25 0.35+0.05
Table 5. Spearman rank order correlation coefficients observed among physicochemical parameters, and between physicochemical

parameters and some specific taxa and community structure attributes (all symbols and units are identical to previous tables; **Correlation

is significant at oo = 0.01; *Correlation is significant at o. = 0.05).

Parameter Temperature TP TN TSS NO,-N DO (mglL")  O-N Conductivity  pH TOC
TP 0.12 0.42* 0.58* 0.13 0.08 -0.01 0.58* 0.57 -0.32
Ph 0.12 0.57* 0.01 0.30 0.01 0.07 -0.12 0.09 0.21
Richness 0.96**  -0.93** -0.14 -0.34  -0.51* 0.32 -0.13 0.22 0.37 0.41
Diversity -0.32 -0.22 -034 097** 0.01 -0.20 -0.34 -0.96**  -0.01 0.38
Dominance 0.15 0.86** 0.28 -0.48* -0.29 0.27 0.27 -0.09 0.19 -0.35
Baetis sp. -0.37 0.10 -0.24  0.88** -0.36 0.38 -0.23 -0.86** 0.45* 0.1
Simulidae 0.35 -0.17 0.79* -0.24 -0.14 -0.48* 0.96** -0.15 0.64* 0.01
Tanypodinae -0.04 0.21 -0.12 -0.06 -0.55* -0.02 -0.10 0.79* 0.25 0.21
Sphaeridae 0.71* -0.17 -0.03 0.33 -0.13 -0.22 -0.02 0.10 -0.12 0.11
Potamon sp. -0.76* -0.25 -0.31 -0.47* -0.39 0.83** -0.24 0.47 0.44*  0.49*
Helodidae -0.27 -0.38* -0.48* -0.18  -0.11 0.04 0.04 -0.14 0.08 -0.11
Lepidostoma hirtum Fabricius ~ —-0.22 -0.22  -0.32 -0.13 -0.38* -0.14 0.11 -0.14 -0.17 0.14

DO, dissolved oxygen, TN, total nitrogen,

TOC, total organic carbon; TP,

total phosphorus, TSS, total suspended solids.
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unpolluted sections of the River Njoro watershed. However,
Baetis sp. and Simulidae are characteristic of cultivated,
nutrient-enriched and constantly disturbed parts of the
upper River Njoro watershed.

DISCUSSION

Spatio-temporal variations
in physicochemical factors in the
upper River Njoro

Water temperature showed a distinct pattern, with the sites
at grazed and cultivated parts of the watershed exhibiting
higher temperatures than the shaded, forested reference
sites. This pattern agrees with the observation that, on
a local scale, temperatures of streams vary in response to
the intensity of vegetation cover (Wetzel 2001). As small
streams, these sample sites were shallow, thereby having a
high surface area to volume ratio that allows for fast heating
of the stream water when exposed to the hot tropical sun.
In contrast, the small, heavily canopied streams exhibited
only very small temporal changes in temperature, often
reflecting the temperature of forest soil (Wetzel 2001).

The elevated ammonia concentration exhibited at the
grazed Logoman site is likely caused by comparatively
higher inputs of decomposing animal dung visible in the
water at the site. The concentration of animals on the
land surface causes direct and indirect effects on aquatic
ecosystems, the most obvious being additions of ammonia
and nitrite as a consequence of increased run-off of animal
waste into streams from grazed fields (Gammon et al. 2003).
In their study, Gammon et al. (2003) investigated sites
downstream of animal feed lots, finding they had elevated
levels of ammonia, pH and turbidity. This observation
apparently seems to be contrasted by the lower ammonia
concentrations at the Tiriytagoi site, although this site is
nearby and also heavily grazed. This can be partly explained
by the length of the grazed stretch of stream at the Tiriytagoi
site. Field surveys upstream of the Tiriytagoi site suggested
that the concentration of cattle increased up to 10-km
upstream of the site. Given the high DO concentration in
the river, it is possible that ammonia is actually generated
from decomposing animal waste deposited on the stream,
or else washed into the stream from the grasslands and then
oxidized as the water flows downstream. This explanation
is supported by the elevated nitrate concentration exhibited
at the Tiriytagoi site, which could result from the oxidation
of ammonia (Wetzel 2001). The pH recorded at the Tiriytagoi
site was near a neutral value. A neutral pH increases the
mineralization of ammonia (Allan 1995; Wetzel 2001).

Both grazed sampling sites exhibited ammonium con-
centrations much greater than the 0.018 mg L' mean
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calculated by Meybeck (1992) for unpolluted rivers. This
shows that the grazed stretches of River Njoro are polluted
by inputs of livestock manure. However, the spatial variations
of other nutrients, especially nitrates and phosphates,
seem to be associated more with crop farming land use,
rather than grazing and forestry, in the upper River Njoro
watershed. The mean nitrate concentration recorded at
the Highland Flowers sampling site, for example, is almost
double that recorded at the Salt Spring site. Similarly, the
Confluence Upstream site exhibited significantly higher
concentrations of total phosphorus, with large-scale
crop farming of maize and beans. The dissolved inorganic
phosphorus concentration often increases to levels of
0.05 and 0.1 mg L from agricultural run-off (Wetzel 2001).
Ormanik (1977) also reported an increase in phosphorus
and nitrogen in agricultural run-off, compared to run-off
from the landscape under indigenous forests.

This study shows a significant correlation between
the total phosphorus and TSS concentrations, implying a
common origin. It is likely that the implied common origin
of phosphorus and TSS is cultivated fields. Compared to
forest and grasslands, cultivated land is easily erodible
because of reduced surface roughness and organic matter
content (Wetzel 2001). It is usually rich in nutrients because
of artificial fertilization to increase crop production. In
general, the topography of the catchments influences the
extent of erosion and subsequent export of nutrients (Allan
1995; Wetzel 2001). The upper reaches of River Njoro, being
of a high slope, typically are more susceptible to erosion.

High TOC concentrations were observed at the densely
forested stretches of the watershed (e.g. Runguma site),
while low values were observed in cultivated, grazed and
clear-felled areas (e.g. the Tiriytagoi, Logoman and Sigotik
Upstream sites). This finding suggests that grazing and
logging affect the level of organic matter supply, retention,
transformation and release in streams. Terrestrial plants
form much of the allochthonous organic matter inputs to
aquatic ecosystems (Bretschko 1995b). These materials
are transformed by microbial activity, then leached to the
stream through groundwater and run-off (Wetzel 2001).
Removal of terrestrial vegetation, such as by clear-cutting
of forests in a drainage basin or removal of riparian vegeta-
tion for agriculture or grazing uses, reduces the inputs of
organic matter to the soil, thereby reducing the quantity
of TOC in run-off or groundwater inputs to streams (Allan
1995). Consequently, streams running through parts of the
watershed with a sparse vegetation cover are expected to have
low concentrations of organic matter suspended and dissolved
in water. This is likely to have been responsible for the reduced
levels observed in stream water from areas of the watershed
experiencing grazing, deforestation and agriculture.
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Spatio-temporal variations in
composition, distribution and
community structure of benthic
macroinvertebrates

The 70 taxa encountered in samples from the upper reaches
of River Njoro, the majority of which were identified
only to family level, show that they are rich in benthic
macroinvertebrates. The composition of these taxa, however,
is similar to those identified from similar streams elsewhere.
For example, Baetis sp. and Simulidae comprised 69%
by number of all benthic taxa identified in this study. In his
investigations of Sagana, Naro Moru, Sirimon and Barguret
streams of Mount Kenya, Van Someren (1952) found that,
at high altitudes, the river bed communities were completely
dominated by the mayfly Baetis sp. and the blackfly Simulium
sp., with all other taxa occurring in much smaller numbers.
Repeat visits to these streams by Mathooko and Mavuti
(1992) also reported similar findings. Investigating six
Guinean streams, Dudgeon (1994) found that, in overall
terms, Baetidae dominated the benthos. He also found that
Simulidae did not form a large percentage of the benthos.
The present findings, however, seem to differ from those
of Ahmel-Abdallah ef al. (2004) on upland streams of
Tanzania, who observed that freshwater crabs (Potamon
sp.) dominated the benthos.

The observed reduction in the diversity of benthic
macroinvertebrates, particularly at cultivated sites, could
be attributed to changes in habitat quality as more land in
the watershed is converted to agriculture, and the riparian
zone is eroded as a result of frequent trampling by
livestock. Although L. hirtum, Sericostomatidae, Helodidae
and Potamon sp., which are well-known shredders (Ahmel-
Abdallah et al. 2004), were present in many sites, high
abundances of these taxa occurred only at the Salt
Spring and Runguma sites, with reduced abundances
being observed at the Logoman and Forest Camp sites.
Their presence at other sites might have been caused by
downstream drift, especially over the wet season. This is
supported by the fact that only a few or a single specimen
was encountered, especially in sites along cultivated parts
of the watershed.

The above observation suggests that food items (litter fall,
wood debris that support their shredder-feeding behaviour)
of high quality are only found at the least-impacted sites.
In fact, a majority of the downstream sites have canopy
interruptions from deforestation, riparian grazing or
direct river use as watering points. In settled areas, every
farm adjacent to the river must create an access path to the
stream through which they pass with livestock to the only
source of water.
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As farms in the upper reaches of River Njoro are small
(usually five acres or less), foot paths from farms on both
sites of the river are numerous, increasing the cumulative
areas of open canopy that allow sunlight to reach the
stream. This increases the temperature variability, which
can expand beyond evolutionary histories of a majority of
shredder taxa because of their association with heavily
canopied streams, whose temperatures vary less over
time (Allan 1995). Furthermore, frequent disturbance
of the streambed means that only a few taxa tolerant to
constantly shifting sediments and bedrock can proliferate
in large numbers, while a majority of the taxa occur only
rarely. This impact is increased during rare storm events,
when large quantities of sediments are eroded from
cultivated farms and foot paths, and subsequently washed
into streams. Suspended solids reaching streams can
smoother the riverbed, flush away substrates and associated
invertebrates, and increase the quantity of fine sediments
in pools, which can be colonized only by a few specialized
taxa (Bretschko 1995a). This helps explain the relatively
higher variability in the invertebrate density when stretches
of the river in cultivated and forested parts of the watershed
are compared.

Forests, especially indigenous ones, serve to delay
the rate of water delivery from the landscape and trap
eroded sediments, thereby working to maintain relatively
stable water flows (Carlisle et al. 2003). This allows for
development of a rich and diverse invertebrate community
(Wohl & Carline 1996). Environmental stability is listed as
a major factor controlling the structure of tropical ecosystems
(Jacobsen & Encalada 1998).

Diversity is a structural character of an ecosystem
(Bretschko 1995a). High species diversity allows for
complex population interactions involving energy transfer,
competition and niche apportionment (Brower et al. 1990).
It is generally expected that un-impacted sites contain
diverse benthic communities (Jones et al. 2002). Anthro-
pogenic disturbances from changes in land-use practices
are known to affect invertebrate diversity patterns in
streams draining modified catchments (Death 2000), often
leading to a decrease in the total number of taxa, as well as
a shift to a more unevenly distributed community wherein
one or two taxa are numerically dominant (Jones ef al.
2002; Carlisle et al. 2003). The high level of dominance
by a few benthic taxa at sites experiencing agricultural
impacts (e.g. the Sigotik Upstream, Sigotik Downstream
and Highland Flowers sites), compared to evenly distributed
taxa in presettlement areas (Runguma, Logoman and Salt
Spring sites), suggests that human activities are already
shaping benthic communities in the upper reaches of River
Njoro.
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Dudgeon (1993) recorded a decrease in zoobenthic taxa
colonizing artificial substrates placed in an impacted site,
compared to a control site. In comparing impacted and
un-impacted sites in that particular study, he found that
reductions in zoobenthos densities and diversities were
related to changes in stream sediments and increased
suspended solid loads associated with agricultural activities.
In a related experiment, he observed rapid reductions
in density and diversity when macroinvertebrates were
transferred to the impacted site, providing strong support
for the detrimental effects of high TSS loads. Immediate
reductions in the density of this type had earlier been
attributed to catastrophic drift caused by shifting sediments
(Culp et al. 1986). Erosion of land is likely to increase the
quantity of fine sediments deposited in pools of impacted
sections of the stream. Fine sediments are easily mobilized
downstream (Wohl & Carline 1996). Bretschko (1995a)
recorded reductions in invertebrate densities in pools with
finer sediments in River Njoro. He observed that the
shifting nature of fine sediments in streams makes them
less attractive for colonization by invertebrates, therefore
always having a smaller number of invertebrates, compared
to stable larger particles. In constantly disturbed streambeds,
even larger particles are less attractive to colonization
because their surfaces are covered by silt (Allan 1995).
Silt-covered cobbles have less potential for colonization
by periphyton whose microfilm is fed on by scrapping
macroinvertebrates. At the Sigotik Bridge site, larger
particles at riffles were brown in colour and less slippery
in nature, providing evidence of low microbial colonization.
Such substrates are typically less attractive to macroinv-
ertebrate colonization (Allan 1995), which could explain
why the invertebrate density was lower at the Sigotik sites.

The significant correlations observed in this study
between TSS and dominance of macroinvertebrates by a
few taxa clearly illustrate that mobilization of sediments
from agricultural lands was responsible for reductions in
numbers of seemingly sensitive taxa and the prolifera-
tion of Baetis sp. and Simulidae, the two dominant taxa.
Coldwater organisms are generally known to be more
sensitive to environmental changes (Griffiths 1996), thereby
expected to respond quickly to environmental disturbances.
Thus, this study shows that TSS, total phosphorus, organic
nitrogen and conductivity are the main physicochemical
factors controlling community structure, as well as the
distribution of specific taxa in the upper reaches of the
River Njoro. There is need for more research to study this
observed pattern. The dominant taxa at impacted sites (i.e.
Baetis sp. and Simulidae) observed in this study are known
to have short regeneration times and rapid colonization
rates (Hynes 1975), enabling them to cope with fluctuating
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environments and build up large populations opportunisti-
cally (Newbold et al. 1980). However, the significant
correlations between Potamon sp., L. hirtum Fabricius
and Helodidae with TOC, conductivity and pH show that
these taxa, especially Helodidae and Potamon sp., can be
used to monitor stream recovery, especially if riparian zone
reclamation can be adopted as a conservation strategy to
achieve a better watershed health.

Similarly, dominance, as a community structure index,
as well as the abundance of Baetis sp. and Simulidae, can
be used to monitor the deterioration of stream habitats and
water quality in the upper reaches of the River Njoro. This
is supported by the significant positive correlation between
these two taxa with TSS and total nitrogen, variables
associated with impact from grazing (Wohl & Carline 1996)
and cultivation (Allan 1995). As such, their dominance
supports the thought that Baetis sp. and Simulidae are
tolerant to agricultural impacts (Hynes 1960; Newbold
et al. 1980). Thus, the significant positive correlation
observed between the diversity of benthic invertebrates
and TSS in this study implies that the diversity of benthic
invertebrates is limited by suspended solid-generating
activities. For the River Njoro, these activities are grazing
and land cultivation. Further manipulative laboratory experi-
ments to test our field observations could give useful
patterns that can aid sustainable watershed management
for all stakeholders.
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