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Summary

The wintet energy requirement and the seasonal hab1tat use were studaed ol
Sika deer (Cervus nippon) inhabited in man-made forests, Fudakake,
Tanzawa Mountains. Radio tracking and supplementary feeding in winter were done

continuously in 1991

From the radio tracking we found that: 1) their annua!3'

home ranges were located almost same area, 2) there are seasomal differemces in
the home range use between doe and stag during parturition and lactation period,
and 3) home range size during supplementary feeding period was reduced

remarkably in comparison with other seasons.

From the suppliementary feeding, we

found Sika deer depended on supplementary forage mainly during the severe
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winter period, and energy source was shifted to the natural forage in the end
of April, We also succeeded in continuous measuring of the individuals’ body
weight through the feeding period. The body weight decreased {rom December to
the beginning of April and started to recover from the middle of April. The
percentages of weight lost were from T% to 14% at its maximum. We estimated
their dependence for supplemeatary forage were around 30% from fecal analysis.
Japanese ceder (Criptomeria Jjapomica) seedings put at feeding site were
browsed hardly in March and its amounis were very small in comparison with
forage consumption. In order to make habitat selection clear we set five
I.C. thermometer censor data loggar in the home.range of radio collared deer and
recorded every ten minutes interval data. We also attached tiny thermometer
censor data loggar and radio transmiiter collar with deer and started to get
their location
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An Beological Study of Freshwater Fish Inhabiting
' Waterbodies in Springs
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Outlines of study areas {mefer in
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%1 SEEHROEE.

Outlines of each station. 1:mud, ?:sandy mud, 3:sand, 4:pebble,

H A M WExHE (m) | KEE (em) | HE3B (em/sec) B B
T1 | 1x19 20~40 5~13 9

P T2 8 x%9.5 10~30 nearly still 2,3
T3 |565xL6 20~30 2, 4~6.5 2,3

Kk | T4 |2.3%5.86 30~55 2~4.3 2,3, (4)
TS5 |4.8xL5 20~60 2, 3~3.7 3.4

#® | T6 | 6x16 2x80| 20~50 3. 5~15 1,2
T97 |1.5%4.3 90~35 6~8. 4 2,3
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# | Tb |23x52 2)~165 8~28 1,23 @)
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Figured outlines of Stations T4 to T6 in 1983 and 1932,

Shades parts: Reclaimed ground. Sampling points for fish collection,
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®5 Bk (SA) &FRE (MS) KEIIEEFHOELHSKEERH W. T.).
Annual changes of nesting activity and water temperature (WT) in spring area
(8A) and main stream (MS).
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Freauency distibution of water temperature on nest sites.
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0 | 2 | w | 16 | 18| 2 |2 |
BAS OND | — | 24 23| 23| 1 - - 21
(%) o2 | s | 88 | 42| - |
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3 EES (TH) &¢8FH (B8 ORBEEEMOBEEMEOT MY IR,
S TORES  EAkE (T3, Ts, T6), H8d.LoBsy 278

(Th) ., %¥:5%LA_NTHEESHY.
Correlation coefficients among geomorphic variables of nest sites
{under) and random points {upper) in the spring areas (left under

part) and the main stream (right upper). %: p<0.05

X B w M B oo E H
S 0. 453+ 0. 612+ 0.123
0.136 0. 432+ 0. 086
W -0, 387+ 0. 5024 0. 498
-0, 109 0.209 -0. 147
B & DEERE 0. 528% 0. 202 0.100
- 0. 382+ 0. 121 0.032
E H -0.092 0. 298+ 0.113
0.173 -0.163 0. 093

F4 FEHEMCEOEROFELEK (14~16C) OBEME (10BRMELT
1 4E36HER) .
Similarlity of spring presence (14-16°C) and nesting activity at

each station.

. . - BADHEESBOUEE | E45DLEBRKOFE
¥ oA M| Bk %%ﬁf‘aﬁ i %) (%)

T2 19 g 47.5 86.0

T3 36 12 45.8 100

T 4 24 10 29.0 100

T5 36 21 59. 8 100

T 6 36 23 69. 8 100

T 35 17 8.2 95.6

Ta 14 9 87.8 89.9

Tb 15 13 98.2 82.4
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Distributions of water depth and current velocity in Station Th.
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Mean and S.D. of water depth(cm) and current velocity(em” s ) in Station Th,
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Water

8 EHMICHITSKELREORHR.
Relationship between water depth and
current velocity on nest sites.
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RO ke GEEMT 6) SEAAE GREMT D) [CHSERBOATRRE.
Distribution of nest sites in sprmg area (Station T6) and the main stream-
{Station Th). e
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Temporat (10 days units) and spatial
(per 6 m in {ength) changes of nesting
distribution in spring area.
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Frequency %

Nest Sites '

Random Points

%

& 10-3
o 50 . 1100
W, 0 cm
Bt #wkE (SA) &ERE (MS) L&

BERMEIENMOKE (W.D.) HE
a7 (%) .

Frequency distribution of water depth
(¥.D.) on nest sites and random points
for spring area and the main stream.
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B: Nest sites in SA

afn
T

[O: Nest sites in MS
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Freguency
2

% i

S CoV

@

cm/Gag

4

B2 @Ak (SA) LAFM (MS) Litd
HEBEMEARBOE (C.V.) HE
o (%) .
Frequency distribution of current
velocity (C.V.) on nest sites and
random points of stations for spring
area (SA) and the main stream (MS).
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PDS %

E13 FEhkig (SAY &KL (MS) BT
BHENEFEICHTIERBOENDS OHEE
OEE (PDS) OHEEHF (%) .
Frequency distribution of the propo-
ration of a distance from nest site
to the shore to current width {PDS)
for spring area (SA) and the main
stream (MS).
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(Morisita, 1959) OZEHE),
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Relationship between nest density
and ratio of successful nest.
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K5 BEMILOEERESE. 0 RESE,
Fish species presented at each station. 0: No collection, +: 1-9 fish, ++: 10-30 fish,
+++: more than 30 fish.

T 1 ~9 @, +: 10~3084, ++: 30(EELLE.

] # ]
Tl T2 { T3 | T4 | T5 | T6 | T7T | Ta | Thb
A 3 0 0 +H 0 b i +4 0 +
A AN A T +H tt +H +4 H + +4 +4
FAErEYad 3 0 4 0 + 1 1 0
F v o= 2 : + I N T i t t
a £ + +t 0 0 0 0 j - 0: + $
7 + +H + + 0 0 + 4 + H
= = A 0 0 0 0 0 0 0 + +
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GKiB,. KB, Fodl, EE, BSOS Mo (Craig-Beanett, 1931 ; Hagen, 1967 ; Black
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MISHOR (1992.4.28). o4y hiE
Alcroy FEIRTH3DERABICER

LTHhE o &ERY,

An example (April 28, 1992) of

spatial distribution of the nesting
male of three-spined stickleback (8},
fatminnow (A) and floating goby (U).
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Summary , _

The ambient conditions of nest sites of the freshwater three-spined stickle-
back, Gasterosievs aculestus (forma fefura), were quantitatively investigated
in spring areas and the main stream of the Tsuva River system Central Japan.
The male preferred to nest on mudy or sandy sebstratum, in the shailow shoreline
in a depth of commonly in 10-40 cm. in waier velocities less than l5cm/sec and
in a temperature range of 14 °C to 16°C. There were some differences in nest
site characterisiics between spring areas and the main stream. This study
clearly indicated that the spring areas appeared to produce microhabitats more
coniusive to nest-buiiding (spatial one). Furthermore, the three-spined
stickieback inhabiting the waterbodies in spring water strongly teaded to
prolong the breeding season throughout the year (temporal advantage).

Key words : Three-spined stickleback, Nest site characters, Patterss of
pest presence, Waterbody with spring.
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The purpose of this paper is to ¢larify the functions of environmental
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The nature conservation in Germaay centers on the conservation of biotopes.
For that reason, biotope mapping projects are carried ot in more than 150
cities. Bven within built-up areas, a relatively large number of conservation
worthly biotopes can be found. Administration cooperates with societies of
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The concept of ecomuse was advocated by G. I Riviere. The first ecomuse was
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can go there to trace their origins. Ii explains how the inhabitants used these
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- The Rehabilitation Program of Mangrove Forest
in Thailand

Jitt Kengsangchai®

Research periods and objects:
{1} From December 17, 1991 to January 17, 1992
'~ Preliminary survey of mangrove area in Bang Khuntien district, Bangkok
Tree diameter re-méasurements in mangrove forests in Ranong proviace
Study on dispersal process of Ahizophora mucronata 9r0paguies in Ranong
Study on high density plantation in Ranong
- Interview study in charcoal kiln in Ranong
(2) From August 5 to September 5, 1992
" - Tree diametér re-measurements in mangrové forests in Raneag province
- Study on dispersal process of ﬁ%:zopﬁora apzcy]ata and Ceriops taga! propag-
gles in Ranong :
- Study on mortality and grawth of planted proﬁagules in a 3 yr- oid h:gh dens-
ity plantation in Raﬁong
Principal resuits :
1. Stand growth ‘

In the three permanent plots established in Ranong province, dtameters of
sample trees were re-measured oa December, 1991 and August, 1992, Now, we are
analyzing the growth rates of mangreve trees to eva§uate the stand growth and
net primary DrOdUGEEVItY We found some sample trees cut by local people in
these permanent piots ‘S0 we can evaéuate the infénsity of human 1mpacts to the
mangrove forests.

H

3

2. Dispersal process of some mangrove propagules

fn the study area of Ranong province, the dispersal patterns of mangrove
propagules (viviparous seeds) ofRhizophra épjcufata, R mycronata and
Ceriops tagal were studied. In each species, 300 propagules were collected
from mother trees and released in the river. We detected the movements of them
after 1 day, 1 week and 1 month. The distance of propagules moved was calculated,
and the patterns of seed dispersal were analyzed.

Generaily, the mangrove propaguies did not move more than 300 m from the
mether tree. Therefore, the local populations of mangroves was considered to be
kept by seed sources from neighboring trees. This information is very interes-

* Technical Forestry Ufflce Royai Forest Department of Thailand
#4, TEFH RN
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ting and applicable to maagrove reforestation. The results of £ mucronala
propagules have been published (now printing) for the Bulletin of Faculty of
Agriculture, Gifu University. -

3. Effects of high density plantation

A high density plantation experiment was conducted in a timmining area at
Ranong province. A apiculata propagules were planted in higher density of
SOcm x 50 cm spacing in 1989, Normally in Thaiiand, mangrove propagules were
pianted in 1.bm X 1.b nm spacing.

We re-measured 4000 planted propagules on August, 1992. The mertality of
planted propagules were low, amd propagules showed good growth higher than 1.5
m Our experiment is quite successfu!l to afforestate the tia-mined ares.

Now, we are analyzing the data, and compare the resuit of high densiiy
plantation {o the normal one. We are coavinced that the high density plantation
is useful for the reforestation in the placed where suffers strong wave and
erosion, and can products the good materials for charcoal wood.

Although, we found some fluctuations of propagule mortatity by micro-
topography. On the mound 30 cm higher than the ground level, the propagule
mortality was higher. This might come from desiceation effects, because the
mound was often dried in the neap tides of dry season, Or the high mortality
might come from soil acidification, i.e.. low pH. We must check it in the
fulure studies.
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The yrecibuS‘naturéfof Oze will be destroyed by averuse. We have consideiéd‘
how to use a mational park and how to conserve the nature. We would like to

suggest. the following plans. -
1. The épréad‘of'thé"sgébial'reserv&

away.

2.LTakiﬂg”fhe_wbod-traifs”awayi We should take the wood trails on the marshland

3. Bstablishment of shelters and resting places; In the ridgeline, it is
necessary have some shelters and resting places. But, so many lodges shouid be

moved out of ridgeline

o A

We shou!d not use car to the ridgeline.

We should use the special electric bus.

The arrangement of the related laws and regulations.

Establishment of centers for nature conservation and environment guidance,
Bringing out the guide for nature conservation.

e have tried carrying out these plans for a long time. But. it isn't easy to

get excellent results.

For the moment, we would like to bring out the guide for nature conservation.
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Biodiversity and Conservation of Littoral Fish
Communities in the Northwestern Part of
Lake Tanganyika

Gashagaza Masta Mukuwaya*

INTRODUCTION
Lake Tanganyika as an ancient lake has unique and rich fauna composed
with many endemic species which have evolved within the lake. Fish loecal
communities in littoral areas of this lake were more or less isolated from
each other and the genetic interchange among communities of each other and
the genetic infterchange among communities of each type is very low even
'between populations of two'adjacent rocky or sandy areas {(Nishida, pers.
com, ). Hori et al. (1993) reported that littoral fish communities in lake
Tanganyika are very stable and in a state of equilibrium. It maybe valuable,
however, to point out that even such stable communities are easily disrupted
by any unusual perturbation to which they have never become adjusted during
their evolution (Lowe-Mc Connell, 1987). For example, any perturbation
severing the web interaction of such isolated local communities will
seriously damage them and may cause species extinction, In littoral areas
‘of lake Tanganyika, biotic communities are facing to numerous vulnerable
variables such as sediment pollution, oil leakage, fishing pressure and
interactions among species which may regulate their diversity. Cohen et al.
{in press) showed - that ostracodes were singnificantly less diverse in high
versus low disturbance sites for hoth hard and soft subsirates within the
littoral zone.
The primary goals of this project are:
- to document the distribution patterns of the biotic communities along
the littoral zone of lake Tanganyika;
~ to evaluate the impact of physical, chemical pollutants and fishing
pressure on the lake's littoral communities;
- to apprehend the interactions among species which may be indispensable
factors for maintaining the species diversity and their stability in
littoral areas of this lake. '

* Centre de recherche en Science naturelies, Station d Uvira(CRSN/ Uvira), ZAIRE
il R S Ry = oy e 2 e R o e v ol K s A
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In this preliminary report, we will delineate the fish species
diversity levels, based on diving census and collection of specimens in the
research sites. We will try to understand which impact , habitat disturbance
caused hy sediment pollution has on fish species diversity and distribution
of macro-invertebrates, based, based on comparison of species richness and
the irdistribution in different sites categorised from the degree of
substrate disturbance as impacted and unimpacted sites.

A point of discussion will be made on what aspect of biodiversity need to
be conserved in regards to the utilization of littoral substrates for feeding
and reproduction in cichlid fishes and interactions among them.

MATERIALS AND METHODS _
Field research was conducted at six selected sites with different anthro-

pogenical impacts; Kalundu (high), Luhanga (moderate), Kashekezi(high), Pemba
(moderate), Cape Banza(low) and Masua(no impact, pristine area) [see Map].

L. TANGANYIKA
NORTHWESTERN AREA

4
4
4
M
4
¥
7
b

UVIRA,

I T T T

RESEARCH
STATIONS

|

A Kalundu

B Luhahga |

C KasheKezi

£
~Banza

F Maps»ua

ECHELLE

g i3 30km
!

LS
%
"y
4
\
%
Y
3
3
4
3
3
i
H
H
3
3
+
H
1
}'71“1’"‘1’7"’1’1"""'
H
1

Map: lLake Tanganyika Northwestern Area
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Fish census were conducted at least once per year at Luhanga and Cape Banza
from 1992 to 1994. Two census were also done at Masua, four at EKalundu,
Kashekezi and Pamba from 1903, For cach research site, a 500 quadrate was
settied at 5, 10 and 20 meters depth and all species within the quadrate were
censused with help of SCUBA. Additiomal, fish specimens were collected
outside the quadrate in the research site using a set of fifteen gill-nets
deposited at different depths. Specimens were conserved in 10% formalin
solution. In laboratory, fish samples were measured {standard. length),
dissected and their ovaries or testies removed. To evaluate the gematic
investment for each species, occytes in the mature ovary were counted.

Macro-invertiebrates were monthly collected at four sites: Kalundu,
Luhanga, Xashekezi and Pemba. Al each research site, sediment samples were
collected at 1, 5, 10, 15 and 20m depths to determine macro-invertebrates
diversity patterns and establish the relationship between their distribution

‘patterns and sediment discharge regime, To sort macro-invertebrates by
flotation, 400ct of bottom sediment mixed with a certain volume of water and
sugar solution were transferred in the core of 7.2cm diameter and 10cm
height, specimens sorted were fized in 10% formalin solution. In the
laboratory, tazonomical groups were determined using a microscope and
identification key., In the rocky areas, ten stones were marked in limited
surface of one hundred sixty meters square situated between 0.5 and 2m depth.
For each monthly survey, the ten stones were washed to collect macroinverteb-
rates and replaced at the same place.

To evaluate the amount of suspended matier carried into the lake by
inflowing tributaries, erosion or wave action, water samples were collected
using a plastic bottle in the river, the mouth of river and at about 200m
far from the shore at the surface, 20 and 30m depth. The total suspended
matter was gravimetrically measured after filtration. The concentration of
suspended matter was calculated in mg/liter.

For water apalysis, sampling was carried out monthly at Kalundu, Luhanga,
Kashekezi and Pemba. Water samples were collected between 100 and 200n
offshore at different depths (surface, 10, 20 and 30m) by using a bottle
sampler Rigosha and put in glass DO hottles for dissolved oxygen measurement,
in plastic bottles for chemical amalysis. The following parameters were
measured in the field: temperature by mercuric thermometer, pH by phmeter
PICCOLO, conductivity by STD conductvitymeter was used for the chemical
analysis such as orthophosphate, nitrite, nitrate, ammohia and sulfate,.
Winkler method was used for analysis of dissolved oxygen.
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1. FISH SPECIES DISTRIBUTION

To investigate on the distribution patterns of fish species in the
northwestern part of the lake Tanganyika, tvo kinds of habitats have been
considered: rocky substrate more or less disturbed by sediment pollution and
sandy subsirate situated around the mouth of rivers and vwhich received
regularly a lot amount of sediments brought in by tributaries. We noticed
that Xashekezi site was in previous time a rocky area which after has been
covered by sand and detritus due to the influence of Kashekezi river. From
the inventories of fish species collected in rocky site (appendix 2, 4, 5 and
6), about 70% of species were distributed in all the four stations. Some
local differences in fish species composition sife by site were found: i.e.
Neolamprologus leleupi was present only at Luhanga site, Tropheus duboisi and
Neolamprologus niger inhabited rocky area at Pemba, Chalinochromis brichardi
and Neolamprologus pulcheri were found only at Cap Banza. Petrochromis sp
“{ “¥White type” ) was seen for the first time at Masua site and not elsewhere
ete.

Residents species inhabiting the sandy areas were nearly same in both
sites. They were mostly composed of Lepidiolamprologus cunningtoni,
Neolamprogus kunguensis, N.mandabu, N. tetracanthus and Xenotilapia species.
But, subadults of piscivores and scale eaters species hovering in midwater
above the substratumentered also in fish species at Kashekezi sheltered
rocky dwellers species suchas Altolamprologus compressiceps and Lamprologus
-lamairel which somerimes appeared for short visit in quadrate.

In very shallow area of Kalundu site between 0.5 to 2m depth, a limited
surface was covered by rubbles stones with a thin biocover. Some months 2g0,
a number of small size cichlids such as dulonocranus dewindti, Ectodus
descampsi, Spathodus marlieri, Callochromis macrops etc. imhabited that place.
Now, it is covered by sand and detritug carried within the lake by Xal
imabenge river and 90% of fish species moved to other placé or disappeared.

Considering the vertical distribution of fish species in research sites,
high species diversity was found at 5 and 10m depth, while the number of
species decreased at 20m in rocky sites with different degree of substrate
disturbance. Species diversity level in high sedimentation impact site was
similar at Pemba{ricky) and Kalundu(sandy) sites. Usually, substrate between
5 and 10m depth in rocky sites were composed with big amount of detached
rocks or stones rich in biocover, while in deeper zone from 15m depth a
cemented rocky substratum was observed, except at Pemba. Such kind of area
with detached rocks and stones offered a wide range of niches favorables for
feeding and reproduction of fish species. Shelters were utilized as breeding
sites of many species and constituted protected places for macro-
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invertebrates. A high number of specialized benthic invertebrates eaters was
recoginized in these areas. High calcified rocky substratum might offered
less possibilities to feed and reproduce in fish species, Consequently,
resident species were limited in number around 20m depth, groups of hovering
species in midwater such as cyprichromis microlepidotus, Cyphotilapia
frontosa, Ophthalmotilapia ventralis, individuals of piscivores and scale
eaters, etc., predominated. The regular fish species composition and their
vertical distribution pattern in sandy area might be related to the uniform
aspect of substrate utilized, and less variety of food items'composition {see
Table 3) which reflects the trophic guild.

Tabe 1: Fish species diversity patterns by sites and water depth. The first
number refers to the mean number of species observed in each 50m?®
census at different depths. The number in parentheses is the pro-
portion of the mean number of species observed in that depth re-
lative to the mean number of species censused at that depth in
pristine site (Masua).

WATER MASUA CAP BANZA LUHANGA T KASHEKEZI
DEPTH fm) [Pristine} tLow Inpect) iModorats Impoot) [High impact}
5 21 33 {167 %) 28 (133 %) 10 (48 %)
10 24 34142 %) 31 (129 %) 9 (37 %)
20 17 28 {1656 %) 21 (123 %) 10 (69 %)

NUMBER OF SPECIES

FRISTINE ow MODERATE HIGH
DEGREE OF SUBSTRATE DISTURBANCE

B 5m

2 10m B 20m

Fig 1: Mean fish species diversity at the pristine, low, moderate and high
sedimentation impact sites (Masua, Cape Banza, Luhanga and Kashekezi
respectively) for different depths.
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2. IMPACT OF SEDIMENT POLLUTION ON FISH DIVERSITY

Results presented in Table 1 and Figure 1 demonstrated that a clear
decline in species rechness occured af Kashekezi than in others sifes with
more or less degree of substrate disturbance. The analysis of fish data

Table 3: Abundance and vertical distribution of macro—invertebrate coliected
in sediments from sampling sites. For each taxonomical group,
the mean number of individuals count in 400 cm® of benthos sampled
at different depths is represented.

BTes Depth  Chironasmid Ephemeroptera Trichoptera  Shimps
{m) larvas larvae larvae
Katundu 1 0 0 0 0
5 5 0 0 o
10 6 0 o o
15 11 1 ) 0
20 4 0 0 0
Kashekazi 1 o 0 O 4
' 5 12 1 0 0
10 23 o 0 Q
15 21 g 0 0
. 20 24 o o 0O
Luhanga 1 ] Q 0 4]
5 3] ) o 0
10 10 0 i 0
15 1 Q 1 1
20 1 0 0 ¢
Pemiba 1 ¢ O o 0
8 2 4] o 0
10 4 G o o
15 14 C G 0
20 3 0 4] o

collected at Luhanga and Kashekezi (Appendix ! and 3) revealed that the
decline is not total random with respect to trophic groups: species special-
ized in benthic algal grazer guild and others specialized in benthic animal
feeder on rocks were not found in these sites, while sandy sifters as
Xenotilapia species, Lamprologus callipterus etc. predominated. Sometimes,
subadults of benthic animal feeders on rocks such as 4. comwpressiceps,
L. lemairei have been observed passing in the quadrat and were recorded. A
slight tendency in species richness decline and were also found between
Cap Banza (low) and Luhanga (moderate). But, contrarily to our prediction,
inverse tendency cccured between Masua {pristine) to Cap Banza and Luvhanga.
Fish species at Masua were significantly less diverse (1/3 lower) than those
at Cap Banza for example.

¥We hypothesized that the nature of substrate played an important role in
raintaining the species diversity and their stability in an area. Masua site

- 148 -



is situated in a pristine area with steep sloping shores and with a cimented
substratum from 5m depth to deeper zone. Few detached rocks or stones were
found between 1.5 and 4m depth. As discussed before, such enviromment might
not favorized the recruitment and colonization by many species.

When we compared fish species diversity during 3 years census at Luhanga
and Cape Banza (Fig.2), We constated almost a regular stability in number of
species censused at Cape Banza from different depths during this period. The
tow impact site at Cape Banza does not lie immediately adjacent to a drainage,
.and thus is buffered from stream detritus. Although fish species richness
seemed to be stable in the whole moderate impact site at Luhanga, slight
variations occured in number of species cencuced at different depfhs from
1993 to 1994. Vertical migrations of species seemed to occur from both
deeper and shallow areas to the central part (around 10m). Probably this
might be explained by the fact that the floods of the small river Maaza from
1993 deposited in deeper area from 18m depth due to the steep slopes shores
of Luhanga site.

Figure 2. Fish species diversity during 1992, 1993 and 1994 census at
Luhanga (moderate impact) and Cape Banza (low impact) sites for
different depths.

LUHANGA

NUMBER OF SPECIES
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CAPE BANZA

NUMBER OF SPECIES

1992 1993 1994
YEAR

HSU}

HWiom Eaom

3. ABUNDANCE AND VERTICAL DESTRIBUTION OF MACRO-INVERTEBRATES

1t was clearly demonstrated that in all research sites the chironomid
larvae were abundants in sediments and other groups very scarce (Table 3).
They were also abundant in sandy areas with the influence of rivers. In all
the research sites, vertical distribution of chironomid larvae started from
5m depth. In sandy sites with influence of tributaries, chironomid larvae
were more abundant in deeper zone between 10 and 20m depth.

In rocky areas, ephemeroptera larvae predominated especially at Luhanga
{Table 4). Shrimps were found more abundant at Pemba and very scarce at
Kalundu. Hirudinae were only collected at Kashekezi site. ‘

Tabel 4: Abundance of macro-invertebrates collected on rocks from sampling
sites. For each taxonomical aroup, the mean number of individuais
counted from ten rocks is reprsented. =

 Sites - Chironomid. . Ephemeroptera..... Trichoptera Shrimps

Larvae tarvae Larvae
Kalundu 13 2 O 1
Kashekezi 5 5 2 8
Lubanga 1 27 2 7
Pemba 2 10 0] 20

From these preliminary results, we hypothesized that the predominance of
chironomid larvae at Kashekezi and Kalundu might be related to the presence
of many detritus carried in the sites hy the floeds of Kalimabenge and
Kashekezi rivers. Ross H. (1965) reported that chironomid larvae feed on
organic matter on the bottom of bodies of water.

Ephemeroptera larvae and shrimps were mainly distributed in rocky areas
and were found hidden under rocks.

Nymphs of ephemeroptera feed on microorganisms and fragments of plant
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tissue {Ross, H. 1963),

Table 5: Concentration of suspended matter (mg/1) collected in tributaries
and at near shores of the lake.

Sites River Mouth of Lake {200 m from shore)
- River oOm 20m 30 m

Katundu 27 10 4 4 4
21-Jan-94 ] ‘

Kashekezi 7 70 67 2 2
04-Feb-94

Luhanga 4 10 0 1 0
26-Feh-94

Pamba _ _ 3 1 1 1
09-Feh-94

4. CONCENTRATION OF SUSPENDED MATTER COLLECTED IN TRIBUTARIES AND IN THE LAKE

From Table 6, data collecetd at Kalundu showed that the concentration of
suspended matter decreased from the mouth of river to offshore.. At Kashekezi
site, the high concentration of suspended matter was found from the coast to
offshore, though it was low in the river. At Luhanga site, a little increase
of the concentration of suspended matter occured only around the mouth of
small river Maaza which flowed into the lake. A liftle increase of concent-
ration of suspended matter was also observed at the shore of Pemba rocky site
without influence of the river., We constated from these indicative data that
during the calm day without strong wind (i.e. on 21-01-894), suspended matter
carried by tributaries into the lake were soon precipitated and their
concentration decreased from the coast to offshore. 0On the other hand,
strong wind caused highwaves which played on important role in the dispersion
of sediments deposited around the mouth of rivers, by the way increasing the
amount of suspended matter on the lake site from coast to offshore at
Kashekezi. In general, high concentration of suspended matter was found in
sandy sites with influence of rivers than in rocky areas with or without
adjacent drainage,

5. DATA ON'PHYSICAL AND CHEMICAL PARAMETERS COLLECTED IN THE LAKE

Research on the water analysis 1is just at the beginning due to the lack
of chemical reagents. We could not drawn any tendency from the small number
of data collected (Table 6). We intend to intensify the research on the lake
and tributaries in near future. '
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Table 6: Presentation of data collected on physical and chemical parameters
in research sites from February 19%4.
For chemical parameters, numbers are represented in mg/liter.
Sitag Dapth: T Ph Cond. 124 oA NOv NO' NH3-N
i ) 1%}
Kalundy o] 280 268 $30 4853 646 835 72.6 1080 .01 £.03 0.004 0.505 - 0.0 082 005
{12 & 170} 10 278 268 925 888 618 856 B85.7 105.0 &.28 0.02 0003 0005 - 0.08 000 D0.05
20 27.4 288 9.37 883 630 8§61 I 780 0.01 0.03 0003 0.004 - 0.08 Q.00 Q.01
30 - 26.8 - 6483 - 563 - 57.0 - 0.04 - 0.003 - Q.08 - .02
Luhanga 43 27.2 27.2 983 8495 822 842 11549 - 4.01 0.09 0.034 G008 0.07 008 603 0.00
262 & 120 10 270 270 988 935 8620 688 126.2 - .01 002 G065 G008 008 0.08 G011 0.00
20 27.2 27.0 98.47 943 887 867 26.% - a.01 0.02 0065 G005 Q.68 0.08 401 .00
30 230 270 944 227 680 6829 108.0 - Q.05 0.02 G086 - 0.0_B 0.08 G044 000
Keshowazi o 288 2800 873 209 6486 819 102.0 109.7 0.08 0.02 0004 £2.008 008 - 9.0 .00
@2 & L3 10 26.1 222 8.3 849 8655 696 44.0 1041 002 003 0.004 $.008 0.09 - 0.04  0.00
20 250 27.2 81 4409 €85 647  103.0 108.0 0.08 0.08 0£.004 4.007 0.08 - Q.00 0.00
a0 284 27,2 873 20% 668 843 102.0 108.0 0.04 0.03 £6.006 $.006 0.0? - Q.0¢ Q.50
Pamba a 27.2 282 914 §04 679 663 102,14 1059 0.03 003 £.008 4.004 008 008 003 004
(09-2 & $0-31 14 270 2786 882 903 846 658 105.6 1047 0.04 004 0.008 0012 04098 003 Q.01 000
20 270 7.4 5406 302 €69 662 101.7 108.2 0.03 008 4007 4005 0.08 008 001 062
3G 296 272 892 003 638 655 102.7 B85.0 Q.02 0.03 0.007 0.008 007 0.068 Q.00 0.3
Table 2: Female size, number of mature oocytes in ovaries of c¢ichlid fishes

collected at Kalundu, Luhanga, Kashekezi and Pemba sites from 1992
to 1994.

h. MOUTH BROODERS

8pacies

Femala sige

No of oocytes

{X mm §.L.) in ovaries

Aulonocranus dawindt:;t 72.9 £ 4.7 27 * &
Callochromis pleurcspirug 61.5 56
Cardicpharyny schoutedenni 81.8 £ 1.5 §3 £ 8
Ctenochromis hored 76 t 7.4 41 & 17
Cyatopharynx furcifer 101 % 3.6 86 £ 2
Cyphotiiapia frontosa 128 t 8,2 41 & 2
Eratmodus cvanosticus §7.3 % 1.4 18 £ 3
Gnathochromis pfeffert 72 £ 7.2 48 £ 11
Haplotaxodon microlepis 176.2 % 8.8 209 % 32
Limnotilapia daxdennel 146.5 % 17.6 145 % 9
Lobochilotes labiatus 142.8 % 16.4 71t 1%
Ophthalmotilapia pasutue 93.8 £ 4.1 21 t 2
o. vantrails 98 + 10.6 51 & 7
Perissodus microlapis 66.5 £ 7.3 142 % 43
Petrochromis famula 89 % 4 22 ¢ 3
P fagoiolatug 106.6 £ 5.1 28 ¥ 9
P erthoganathus 107.2 = 5.8 33 % 6
P. polyadon 117 ¢ 7.8 24 4 4
- trewavasae 118.3 % 11.6 23 £ 12
Pesendogimochromisn 71.6 & 5.5 i1 % 4
curvifrons 62.3 % 2.7 21 2 3
Simochromis babaultl 1.8 £ 8.8 23 8
8. glagramna 79 % 7.8 26 £ 3
8§ marginatus 4.2 22
Spathodus marlisri 4.77 ¢ 1.7 133
Tanganicodus irpacae 72 £ 4.6 13 x5
Tropheua moored 64 £ 3.4 337 % 7
fenotitania pohrogenya 97.6 % 6.2 56 % 7

X siga
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B. SUBSTRATE SROODERS

Species Pemale size No of gcocytes in
JSX mm 85.L.) ovaries
Altolamproloqus compresmiceps 61 & 3.5 252 » 70
Lampralogus gallipterpa 27.7 £ 1.8 36 8
Legi.diolamgmlcgﬁs elongatus 113.4 & 2.8 872 * 287
brichargi 48.4 + 4.8 35 = §
e fasgiatus 68.6 ¥ 3 279 % 61
B. leieupi 66.5 £ 2.1 202 * 35
H. moadaba §7.1 £ 6.3 124 * 28
M. savoryi 51 % 2.8 25 % 13
N, tetracanthys ils 692
N. toae 61 % 6.3 83 & 19
8. Yretocephalus T & 4.% 332 = &7
Telmatochremis temporalis 53 % 6.5 15 = 4

6. A WORD ON WHAT ASPECT TO BE CONSERVED

Most of the fish species inhabiting the littoral areas of lake Tanganyika
depend a great deal on substrates for feeding and also rearihg their broods.
As indicated in Table 2 their reproductive output or gametic investment
expressed in term of number of cocytes in ovaries is very low in many species.
Furthermore, Cohen et al (in press) hypothesized that among other organisas,
ostracodes and fish may be more affected by sedimentation because thay are
primary endemic stenotopic species which may require clearwater habitats.
What happens now? The rapid and extensive deforestation in the watersheds
surrounding the northern part of lake Tanganyika has a major consequence of
an exporential increase in erosion rates and sediments discharged in the lake.
We have demonstrated that at high impact sites, sediment is infilling rock
crevices thereby reducing local habitat heterogeneity. At long term, this
will have as consequence the reduction in species diversity or extenction of
some species. We agreed with the idea that any pertubation severing the web
of interactions among species will seriously damage the littoral communities
in lake Tanganyika and that to maintain the ecological networks among species
is necessary. But, areas the primary goal should be an integrated conser-
vation of litforal areas which contain a sets of major habitats. We think
that the preservation of environment degradation by implementation of manage-
ment measures through coordination among the related countries should be done
as soon as possible in order to save the unique rich fauna of the lake.

7. REMARKS

1. The nature of the substrate constitutes an important factor which
deternines the abundance and distribution patterns of fish species living
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in area.

2. Local differences in fish species composition are recoginized in the
western part of lake Tanganyika.

3. In general, low faunai diversity of fish iz associated with high
sedimentation impact site.

4. Selective elimination of algal grazers trophic guild occured at Kashekezi
(High impact site).

Appendix 1:

List of fish species collected at Kalundu site.

FAMILY CLUPEIDAE Tribe Eretmodini
Limnotthrissa miodon ' Spathodus marlieri
FAMILY CYRINIDAE Tribe Ectodini
Barilius moorei -  Aulonocranus dewindti
FAMILY CICHLIDAE Callochromis macyops
Tribe Tilapiini ‘ Cardiopharynz schoutedeni
Boulangerachromis microlepis : Ectodus descampsi
" Tribe Lamprologini Kenotilapia ochrogenys
Lamprologus callipterus ' Tribe Perissodini
L Kunguensis Xenochromis hetqus
> . g T . R
Lepidiolamprologus cunningtoni
L elongatué
Neolamprologus pleuromaculatu
N ' tetracanthus
Tebmatochromis dhonti _
£ tomporalis
Tribe Tropheini - o
Limnatilapia dardennii
© Lobochilotes labiatus

Simochromis diagramma
"8 " marginatus
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Appendix 2:

List of fish species collected at Luhanga site.

FAMILY CYPRINIDAE N Jurcifer
Acapoeta tanganicae N leleupi
N magarae
FAMILY BAGRIDAE N mondabu
Chrysichthys sianenna N. savoryi
N sexfasciatus
FAMILY MOCHOCIDAE N tretocephalus
Synedontis multipunctaties N toae
S erythrodon Telmatochromis bifrenatus
T. dhonti
FAMILY CYPRINODONTIDAE T. temporalis
Lamprichthys tangenicanus Tribe Tropheini
Cyphotilapia frontosa
FAMILY CENTROGPOMIDAE Limnotilapia dardennii
Lates mariae Lobochilotes lnbiatus
L microlepis Petrochromis famula
P. Jasciolatus
FAMILY CICHLIDAE I3 orthognatues
Tribe Tilapiini P polyodon
Boulangerochromis microlepis P t?’ewéuasae

Tribe Haplochromini
Ctenochromis horei

Psewdosimochromis curvifrons
Simochromis babaslti

Tribe Lamprologini S, diagramma
Altolamprologus compressiceps S marginatus
Julidochromis marlieri Tropheus mooret
I transcriptus Tribe Eretmodini
Lamprologus callipterus Eretmodus cyanoshicus
L lematrei Tanganicodus frsacae
Lepidiolamprologus attenvatus -~ Tribe Ectodini
L elongatus Asprotilepia leptura
L profundicola Avlonocranus dewindti
Neolamprologus brichardi Callochromis pleurospilus
N. Jasciatus Cyathopharnx furcifer
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Ophthalmotilapia nasutus
O. ventralis
Grammatotria lemairei
Xenotilapia flavipinnis

X sima

Tribe Limnochromini
Gnathochromis pfefferi
Tribe Cyprichromini
Cyprichromis microlepidotus
C. brieni

Appendix 3:

Tribe Perissodini
Haplotaxodon microlepis
Perissodus microlepis
Perissodus microlepis
Plecodus straeleni

FAMILY MASTACEMBELIDAE
Afromastacembelus snooret
A platysoma

List of fish species collected at Kashekezi site

FAMILY CICHLIDAE

Tribe Haplochromini
Ctenochromis horei
Tribe Tylochromini
Tylochromis lateralis
Tribe Lamprologini
Alfolamprologus compressiceps
Lamprologus collipterus

L lemairei
Lepidiolamprologus attenuatus
L " cunningtoni
L ' elongatus
L » profundicola
Neolamprologus mondabu

N. _ tetracanthus

Tribe Tropheini
Limnotilapia dardennii
Tribe -Ectodini
Callochromis plenrospitus
Ophthabmotilapia ventralis
Grammatolria lemaire

176 -

Xenotilapia flavipinnis
X . sp
Tribe Limnochromini
Gnathochromis pfefferi
Tribe Perissodini
Perissodus microlepis



Appendix 4:

List of fish species'collected at Pemba site.

FAMILY CYPRINIDAE
Acapoeta tanganicae

FAMILY BAGRIDAE
Chrysichihys sp

FAMILY MOCHOCIDAE
Svnodontis petricola

FAMILY CYPRINODONTIDAE
Lamprichihys tanganicanus

FAMILY CENTROPOMIDAE
Lates mqriae

FAMILY CICHLIDAE
Tribe Tilapiini
Boulengerochromis microlepis
Oreochromis fanganicae
Tribe Lamprologini

Altolamprologus compressiceps
Julidockromis marlieri

) transcriptus
Lamprologus callipterus

L lemairei
Lepidiolamprologus attenuatus
L ‘ elongatus
L Drofundicola
Neolamprologus brichardi

N Jasciatus

N. Jurcifer

N lelewpi melas
N. mondabu

N niger

N. savoryi
N toae

N trefocephalus
Telmatochromis bifrenatus
T. dhonti

T temporalis
Tribe Tropheini
Cyphotilapia frontosa
Limnotilapia dardennii
Lobochilotés labiatus
Petrochromis famula

P Jasciolatus
P orthognatus
P. polyodon

P trewavasee

Pseudostmochromis curvifrons

S, diagramma

S. marginatus

Tropheus duboisi

T moore
Tribe Eretmodini

Eretmodus cyanosticus

Tanganicodus irsacae
Tribe Ectodini
Aulonocranus dewindti
Cyathopharnzx furcifer
Grammatotria lemairei
Lestradea  perspicax
Ophthalmotilapia naswtus
o . venitralis
Xenotilapia flavipinnis '
X ‘ ochrogenys
Tribe bathybatini
Bathybates minor



Tribe Limnochromini
Gnathockromis pfefferi
Tribe Cyprichromini
Cyprichromis microlepidotus
Tribe Perissodini
Haplotaxodon microlepis
Perissodus microlepis

Appendix 5:

Plecodus straeleni

FAMILY MASTACEMBELIDAE

Afromastacembelus moorei
A sp

List of fish species collected at Cape Banza site.

FAMILY CYPRINIDAE
Acapoeta tanganicae

FAMILY BAGRIDAE
Chrysichthys grauert
C. sp

FAMILY MOCHOCIDAE
Synodontis mullipunctatus
S petricoln
) dhontt

FAMILY CYPRINODONTIDAE
Lamgprichthys tanganicanus

FAMILY CENTROPOMIDAE
Lates angustufrons
L. mariae -

FAMILY CICHLIDAE
Tribe Tilapiini
Boulengerochromis microlepis
Tribe Lamprologini
Altolamprologus compressiceps
Chalinochromis brichardi
Lamgprologus callipterus
L lelewpi
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L lemaire:
Lepidiolamprologus attenuatus
L : elongatus
L. profundicolz
Neolamprologus brichardi

N Jasciatus

N. Surcifer

N. lelewpi melas
N. ' magarae

N - mondabu
N niger

N. puclcher

N savdgi"_
N sexfascigtus
N sp

N. toae

N Irefocephatus
Telmatochromis bifrenatus
T dhonti

T. temporalis
Tribe Tropheini
C3¢haﬁkqﬁaj?onuma
Limnotilapia dardennii
Lobochilotes labiatus
Petrochromis famula



Jasciolatus
orthognatus
polyodon

N Y

trewavasae
Pseudostmochromis curvifrons
S diggramma
S. marginatus
Tropheus mooret

Tribe Eretmodini
Eretmodus cyanosticus
Tanganicodus irsacae

Tribe Ectodini
Asprotilapia leptura
Aulonocranus dewindfi
Callochromis macrops
Cyathopharynx furcifer
Grammaltolria lemairei
Ophthalmotilapic nesutus
0. ventralis

Appendix 6:

. Xenotilapia flavipinnis
X ochrogenys
X sima

Tribe Limnochromini
Gnathochremis pfefferi

Tribe Cyprichrorini
Cyprichramis microlepidotis
Paracyprichromis. brieni

Tribe Perissodini
Benthochromis tricoti
Haplotaxedon microlepis .
Perissodus microlepis
Plecodus straeleni

FAMILY MASTACEMBELIDAE

Afromastacembelus ellipsifer
A moorei
A sp

List of fish species collected at Masua site

FAMILY CYPRINIDAE
Acapoeta tanganicae

FAMILY BAGRIDAE
Chrysichthys sianenna

FAMILY MOCHOCIDAE
Synodontis multipuncialus
S. pelricola

FAMILY CYPRINODONTIDAE
Lamprichthys tanganicanus

FAMILY CENTROPOMIDAE

Lates mariae
L. microlepis

FAMILY CICHLIDAE
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Tribe Lamprologini

Altolamprologus compressiceps
Julidochromis marlieri
Lamprologus callipterus

L. lemairei
Lepidiolamprologus elongatus

L profundicola
Nealamprologus brichardi

N. Jasciatus

N. Jurcifer



mondabie
savoryi
tretocephalus
. toae
Tebnatochromis bifrenatus
T temporalis
Tribe Tropheini
Cyphotilapia frontosa
Limnotilapia dardennii
Lobochilotes lubiatus
Petrochromis fasciolatus
P orthognatus
P polyodon
P. trewavasae

z2 22

Pseudosimochromis 'cumﬁoné
Simochromis diagramm
Pseudosimochromis cuvifrom
Tropheus moorei '
Tribe Eretmodini
Eretmodus cyanosticus
Tribe Fetodini
Ophthalmotilapia ventralis
Xenotilapia flavipinnis
X achrogenys
Tribe Cyprichromini
Cyprrichromis microlepidotus
Tribe Perissodini
Haplotaxedon microlepis
Perissedus microlepis
Plecodus straelent

FAMILY MASTACEMBELIDAE
Afromastacembelus mooret
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