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INTRODUCTION

Very little is known about the freshwater fauna of the Transkei region. Historically, the
region has been grossly undersurveyed, which may be partially attributed to the
"homeland era" which spanned almost two decades. This situation is reflected in the
records of the National Collection of Freshwater Invertebrates, housed at the Albany

Museum, which contains only a few scattered records from river systems flowing through
this region.

Biogeographically, the former Transkei falls within a unique climatic transitional zone
along the eastern seaboard. The region is characterised by a gradation from the more
tropical conditions prevailing in KwaZulu-Natal and the more sub-tropical and temperate
conditions associated with the southern Cape. The coastal strip is governed by maritime
effects of the warm Mozambique current bringing with it mild weather conditions and
summer rainfall. Inland, however, the high altitude of the Drakensberg escarpment gives
rise to a different set of climatic conditions governed by cooler temperatures and montane
precipitation. As a result, the region generally experiences a high annual rainfall, with an
abundance of fresh water draining off the windward side of the slopes into several
relatively large, unimpounded river systems.

Rural communities depend on the rivers for drinking water, washing of clothes and
bathing. As subsistence farming is prevalent in the rural areas, large scale abstraction of
water from these rivers is minimal. However, due to poor land use practices and high
levels of erosion, a high silt load prevails in some of the larger systems, especially during
peak flow in the summer months (eg. Umzimvubu and Kei rivers).

Nontheless, the majority of rivers appear to be in fairly good condition even at the lower
reaches. The fact that the rivers are unimpounded and generally undeveloped at present,
provides a unique opportunity to study these rivers under almost natural conditions. The
collection of baseline data before the rivers are inevitably altered will be invaluable for
future comparison and assessment of the environemental effects of such alterations.

Collection of aquatic invertebrates in addition to fish and amphibians enables a more
holistic ecological picture to be developed of the rivers sampled. Invertebrates form an
essential functional component in aquatic ecosystems. Being both a food source to higher
vertebrates and other animals, as well as playing an important role in removing and
recycling nutrients, they fill ecological niches ranging from filtering water (eg. blackfly
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larvae) to the scraping of algae off rocky substrates (eg. snails and mayflies) to being
voracious predators capable of preying on fish and tadpoles (eg. dragonfly nymphs).
Some taxa especially several species of freshwater snails are also intermediate hosts of
several parisitic trematodes infecting both man and his livestock. Also, some blackfies
can, under regulated flow regimes, become serious pests of both man and his livestock.

The presence or absence of sensitive species or, conversely, the proliferation of pollution
tolerant species offers some insight into the overall state of health of the river or lake
being sampled. A sudden alteration in the faunal assemblage detected during routine
biomonitoring, is normally caused by a concomitant change in water quality. This
principle forms the underlying basis water quality assessment using biomonitoring
techniques. Due to the vast diversity of aquatic macroinvertebrate species, it is therefore
essential to develop a baseline inventory of the fauna of a particular river system before
long-term biomonitoring can be used as tool for water quality assessment.

For this reason a survey of the biodiversity of aquatic macroinvertebrates of this region is
long overdue. Therefore during a two week survey from 22 October to 2 November 1996
as many rivers as possible were surveyed. The survey, by no means a comprehensive
one, does give some insight into the diversity of the aquatic invertebrates found there and
their biogeographic affiliations to both the tropical and temperate fauna.

METHODS
Sampling

The aim of this survey is to develop an inventory of the fauna found in the region, thus
emphasis was placed on qualitative sampling techniques rather than quantitative ones used
for the assessment of abundance of various taxa. Therefore, invertebrates were collected
from as many biotopes as possible at each site (see table 1 for description of biotopes and
table 2 for sites and corresponding biotopes sampled). Sampling of the stones in current
(SIC) biotope was done using a standard handnet (300um net mesh). The net was held
vertically in the water while stones, half a metre upstream, were disturbed, with the
current washing dislodged animals into the net. The contents of the net was tipped into a
sorting tray where individual animals were selected and preserved in 80% ethanol or in
Kahles solution (formalin, glacial acetic acid, ethanol and distilled water). In addition,
individual stones were examined and sessile invertebrates were handpicked from these.
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Sampling of the marginal vegetation (MV) was done by sweeping a handnet through the
emergent vegetation along the river banks. The contents of the net were either preserved
in formalin or Kahles solution. Whenever posssible, adult aquatic insects flying around
the site were also collected. Where logistically feasible, light traps were set up for the
collection of adult aquatic insects at dusk and collected the following morning. Light trap
samples however, have yet to be analysed.

Each biotope sampled was given a unique catalogue number and biotopes sampled at each
site were kept separate. Details such as the lat./long. co-ordinates, pH and conductivity
were recorded for each site.

Analysis of samples

Samples were brought back to the laboratory at the Albany Museum for microscopical
identification. Molluscs, freshwater prawns, caddisflies, mayflies and blackflies were
identified as far as possible, in the majority of cases to specific level. The latter three
taxonomic groups all contain good "water quality indicator" species. Owing to time

constraints, all other groups were only identified to family or sub-family level. These will

be identified further at a later stage. The estimated number of species for each site was
calculated by summing up the number of species found in each biotope at each site (see
tables 3A and 3B). Therefore the the estimated number of species found at each site
which appear in tables 3A and 3B must be treated as a preliminary reflection of
invertebrate biodiversity. It is envisaged that the number of species may well increase
upon complete analysis of all samples.

RESULTS AND DISCUSSION

River systems and sites are discussed below. Overall biodiversity is assessed with
reference to sensitive species and those warranting special conservation status (refer to
tables 3A and 3B). The freshwater snail fauna are discussed with reference to disease
transmission and implications for community and livestock health. The Trichoptera,
Simuliidae and Ephemeroptera (partially analysed at present) are discussed as relating to
prevalent environmental conditions.
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Biodiversity and conservation status of rivers sampled:

Mzimkulu River system (sites 1, X., 2, 3, 4, 5)

The upper reaches of the Lubbukweni River (sites 1 and X)) was found to have the
highest diversity of invertebrates (23 and 26 species respectively) with the lowest habitat
diversity, defined as the number of aquatic biotopes at each site (see table 2). The latter is
due to the fact that the area sampled is a wetland area with reeds and other emergent
vegetation being the chief biotopes available for colonization. The sediments were
unfortunately not sampled, which probably resulted in a lower reflection of the estimated
number of species living in the wetland system. Fortunately the area falls within the
Nsekeni Nature Reserve which should theoretically afford it some conservation protection.

The other sites sampled within this system (sites 2-5) appeared to be lower in species
diversity (ranging from 15-17 species) but higher in habitat diversity as they were flowing
rivers rather than wetland sponge zones. Notonemourid stoneflies were found at site 2 on
the Tom river which are only found in high altitude montane streams with excellent water
quality (high dissolved oxygen, low levels of eutrophication, low turbidity and free of
heavy metals and pesticides). Tricorythid mayflies and elmid beetles found at site 4 on the
Siqubbini River suggest that the water quality there is also good. Sites 3 and 5 show fair
diversity with good water quality.

Mzimvubu River system (sites 8, 9, Y, 12, 13, 14, 15)

Biodiversity was found to be fairly high with estimated number of species found ranging
from 10 (site 14) to 20 (sites 8, 20). The low number of species collected at site 12 on
the Kinira River, only 4 in total, was due to the fact that there was no time to sample the
stones in current and marginal vegetation biotopes. The lower diversity of 10 species at
site 14 on the Jordan River is probably a result of only the SIC biotope being sampled
there.

All sites sampled in the upper reaches of this large river system revealed a comparatively
high number of baetid mayflies. Some sensitive leptophlebiid mayflies were found at all
sites, except sites 8 and 15, the former site being lower down on the Kinira River outside
of the reserve. Hydraenid and helodid beetles also associated with good water quality
were found at sites Y, 15 and site 13 respectively. Athericid larvae, another indicator of
good water quality was found at site 9 on the Jordan River, while site Y on the Paballong
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River produced blepharocerid fly larvae and pupae. This family is only found in high
altitude swift flowing streams with exceptionally high water quality. It was the only site
where this family was found. Site 9 also produced another interesting dipteran find which
is tentatively identified as a pelechorynchid larva, which is a new family record for
Africa.

Orange River system (site 11)

A single site (site 11) was sampled in the upper reaches of the Quthing river in Lesotho,
which does not fall in the Ongeluksnek Reserve. Biodiversity was found to be high (20
species) in the stones in and out of current biotopes. A high diversity of baetid mayfly
species was found as well as a species of the generally sensitive leptophlebiid family. A
representative of the freshwater limpet family Ancylidae was also found here.

Transkei North Coast Rivers

These rivers are especially unique in that they all flow over

Table Mountain Sandstone (TMS). Very low pH values associated with this type of
geology were recorded for all rivers in table 3B, with values ranging from 6 (Mqwatyana
River) to 3,8 (Mdumbi River). Such low pH values would undoubtedy have an effect on
the faunal composition of these rivers.

Mgwatyana River (sites 16 and 17)

A very high diversity of species was recorded from this river (39 species), especially at
site 16. Site 17 had less than half the number of species, probably due to the fact that it
was sampled just above the tidal reach and no suitable marginal vegetation habitat was
apparent. Sensitive species collected include leptophlebiid mayflies, helodid beetles and
three species of leptocerid caddisflies. Three species of freshwater prawns were also
collected. Water quality assessed on this basis as being good.

Mkambati River (sites 18 and 21)

Biodiversity appears to be fair at the lower site (site 18), but very low at the upper site
(site 21). Overall diversity (24 and 7 species respectively) for the above sites was
significantly lower than both the Mqwatyana or Daza Rivers. The sensitive leptophlebiid
mayfly family and other indicator species such as helodid or psephenid beetles were not
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found at either the upper or lower sites.

In comparison to the other rivers sampled in the Mkambati Nature Reserve species
diversity in this river is noticeably lower. This may be attributed to the fact that a
municipal cattle dip drains into one of the tributaries of this river, approximately one km
upstream from the upper site. The pesticides used in the dipping process may well be
impacting negatively on the quality of the water, resulting in the absence of the sensitive
species. In addition, a pump abstracts from the river just above site 21. The pump is
reported to leak diesel into the river from time to time (Joggie, pers. comm.), which,
depending on the volume of fuel leaked, in all probability does have an effect on the
quality of the water. However, a recovery in water quality lower down was reflected in
the greater diversity of species collected at the lower site.

The complete absence of freshwater prawns is due to the fact that the river has no
estuary, with fresh water falling directly into the sea from a fairly high waterfall.

Daza River (site 19)

The number of species collected at site 19, estimated at 42 is the highest recorded for
rivers within Mkambati Nature Reserve. All possible biotopes were sampled with the light
trap sample still to be analysed. New species may well be found in this sample. Indicator
species of good water quality collected include a freshwater amphipod, a diversity of
baetid mayflies, heptageniid and leptophlebiid mayflies, a chlorocyphid damselfly nymph,
perlid stonefly nymphs, a species of hydraenid beetle and the highest recorded diversity of
caddisflies. This relatively small river appears to be in a pristine state.

Mtentu River (site 22)

This large river system produced the second highest number of species recorded 45
species) during this survey from the four biotopes sampled. For such a large system with
many tributaries, diversity was found to be remarkably high at the middle reach sampling
site. Indicator species of good water quality collected include heptageniid, leptophlebiid,
tricorythid and four baetid mayfly species, perlid stonefly nymphs, three leptocerid
caddisfly species, psephenid beetles and athericid fly larvae. Water quality in the middle
reaches of the river is deemed to be exceptionally high.
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Mzamba River (site 23)

This river was sampled in the upper reaches and produced a healthy diversity of species,
30 in total. Both stones in current and marginal vegetation biotopes were sampled. An
estimated seven species of mayfly were recorded (the same families found at the Mtentu
river site). Psephenid beetle larvae and perlid stonefly nymphs were also collected here.
Based on the species collected, water quality is assessed as good.

Msikaba River system (sites 24, 25, 26)

Several tributaries of this river system were sampled with the Mhlumba and Mtsila Rivers
producing fair diversity (32 and 30 resectively) and the Xura alarmingly poor diversity
(seven species in total). Sensitive species collected in the former two rivers but absent in
the latter river include leptophlebiid mayfly nymphs, hydroptilid caddisfly larvae. In
addition, psephenid beetle larvae and perlid stonefly nymphs were collected at the
Mhlumba River site. Based on these findings, water quality is deemed best at site 24,
followed by site 25 and apalling at site 26. The latter site, near the large town of
Lusikisiki, was noted to be full of litter with large blooms of algae indicative of
eutrophication.

Mtata River system (site 27)

This large river system was sampled at its lower reaches and appeared degraded at this
site. Eutrophication was evident, with blooms of brown algae prevalent. Diversity of
invertebrates was extremely poor (seven species) except in the crustacea with three
species of freshwater prawn collected from this site. As these species were numerically
abundant, it is assumed that the algal blooms were being utilized as a food source, either
directly or indirectly. All available biotopes were sampled and only produced the hardiest
of aquatic species, Baeris harrisoni and one air breathing veliid species. Water quality is
assessed as poor at this lower reach site.

Mdumbi River system (site 28)

This river was also sampled at the lower reaches in both stones in current and marginal
vegetation biotopes. Diversity of invertebrate species was found to be quite high with 33
species collected. Sensitive species collected include a species of leptophlebiid mayfly,
chlorocyphid damselfly nymphs, two species of leptocerid caddisfly larvae, one species of
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hydroptilid caddisfly larvae and a helodid beetle larva. Water quality is assessed as good.
Hluleka River system (site 30)

With an estimated number of species of 35 from stones in current and marginal vegetation
biotopes, diversity of the macroinvertebrate fauna is relatively high for a lower reach
sampling site. The light trap sample from this site still has to be analysed and will
probably increase the number of species from this site markedly. Indicator species of
good water quality include a species of freshwater amphipod, leptophlebiid mayfly
nymphs, three species of baetid mayfly nymphs and helodid beetle larvae. Water quality
is assessed as good. The catchment of this river falls within the nature reserve with the
same name, affording it conservation protection.

Mngazi River system (site 31)

This river produced the highest recorded diversity of freshwater invertebrate species of all
the rivers sampled in this survey. The 48 species from stones in current and marginal
vegetation biotopes is the highest recorded diversity during this survey. A high diversity
of almost all groups including representatives from all five mayfly families appearing in
table 3B, perlid stonefly nymphs, chlorocyphid damselfly nymphs, pyralid moth larvae
(only site where this family was recorded) and psephenid beetle larvae were found at this
site. Based on these findings, water quality is assessed as very good.

Mntafufu River system (site 32)

A comparatively high diversity was recorded for this middle reach sampling site with an
estimated 33 species being recorded from both stones in current and marginal vegetation
biotopes. Representatives of all five mayfly families appearing in table 3B, three species
of hydropsychid caddisflies and athericid dipteran larvae is indicative of good water
quality at the site sampled.

Mngazana River system (site 33)

A high diversity of invertebrate fauna was recorded for this middle reach site, with an
estimated number of species of 41. Representatives of all mayfly families appearing in
table 3B were recorded from stones in current and marginal vegetation biotopes. Other
sensitive species collected include perlid stonefly nymphs, two species of hydroptilid
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larvae and psephenid beetle larvae. Water quality is assessed as good at this site.
Snails and disease transmission

The gastropod Bulinus tropicus was found at sites 1 and X in the Lubbukweni wetland
system. This species is a known intermediate host for the conical or stomach fluke
Calicophoron microbothrium, a trematode worm which causes paramphistomiasis in
livestock and wild ruminants (Appleton, 1996). The disease infects the small intestine
resulting in acute gastroenteritis with a high mortality rate especially in young animals
(Brown, 1980).

The presence of this trematode could have a serious impact on the ruminant mammal
population especially buck and the large number of cattle observed on the reserve. This
requires urgent investigation especially given that there is little or no flow in the wetland.

Bulinus rropicus was also recorded from site 11 on the Quthing River in Lesotho and a
tentative record from the Hluleka River suggests that Calicophoron microbothrium may be
present in these river systems as well.

Bulinus africanus was recorded from the Mngazi River system. This species serves as an
intermediate host for Schistosoma haematobium, the parisite causing urinary bilharzia in
man. The species is also an intermediate host of Schistosoma mattheei which causes
bilharzia in sheep and cattle (Brown, 1980 and Appleton, 1996). Appleton (1996)
estimates that approximately 60% of the schoolchildren living near a known bilharzia site
on this river were infected with S. haematobium. The presence of these parasites in this
river system presents a grave threat to the health of the local communities who rely on
the water for drinking, washing of clothes and recreation. This requires urgent further
study.

Biomphalaria pfeifferi, also recorded from the Mngazi River system, is known as an
intermediate host of Schistosoma mansoni which causes intestinal (rectal) bilharzia in man
(Appleton, 1996). The presence of this "blood fluke" would necessarily have far reaching
community health implications and therefore requires further attention.

Lymnaea columella, an introduced species from North America, was found in the Mngazi
River system and is known to serve as an intermediate host of the liver flukes Fasciola '
gigantica and Fasciola hepatica (Appleton, 1996). Both of these trematode parasites infect

9
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the bile ducts and gall-bladders of grazing animals, especially sheep and cattle (Brown,
1980). Their presence or absence in the Mngazi River is in urgent need of investigation.
Lymnaea naralensis was recorded from the Mntafufu and Mngazana river systems. This
species acts as the major intermediate host for Fasciola gigantica (Appleton, 1996).

Gyraulus connollyi was recorded from the Mzamba, Mitsila, Xura, Hluleka and Mngazi
Rivers. These rivers fall within its known distribution range. Gyraulus costulatus was
recorded from Mngazi River, which is a new distribution record for this species. Both
species are not known as vectors of disease (Appleton, 1996).

Assiminea ovata, a widely distributed euryhaline species tolerating salinities from 0.8 ppt
to 37.6 ppt (Appleton, 1996) was recorded from the Hluleka River. An unidentifiable
species possibly belonging to the family Succineidae was also collected from this site.
This specimen may be a marine migrant, but an expert opinion is required to clarify this.

Neritina gagates, a species which is tolerant of brackish water (Appleton, 1996) was
collected just above the tidal zone of the Mqwatyana River in the Mkambati Nature
Reserve. This represents a new distribution record for this species, which was only
previously recorded as far south as the Mzamba River.

A number of freshwater limpet specimens belonging to the genus Burnupia sp. were
collected from several sites (see tables 4A & 4B) during this survey. This genus‘ is widely
distributed throughout southern Africa and currently contains twelve species (Appleton,
1996). However, they are difficult to distinguish and require expert identification for
specific level differentiation. Another genus of freshwater limpet, Ferrissia was collected
from the Hluleka and Mngazana Rivers. Eleven species have been recorded throughout
southern Africa, which are also difficult to differentiate (Appleton, 1996).

The sphaeriid bivalve tentatively identified as Sphaerium incomitarum, was found at site X
on the Mangeni River. If this identification proves to be correct, this will constitute a
new distribution record for this species which was previously recorded from the north-
eastern KwaZulu-Natal and Zimbabwe (Appleton, 1996).

Other bivalves found during this survey are tentatively identified as Corbicula astartina

and C. fluminalis collected from the Mngazi and Mdumbi Rivers respectively. These
rivers fall within both species proposed distributional ranges (Appleton, 1996).

10
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Freshwater prawns

Both families of true freshwater prawns were found in the middle and lower reaches of
many of the river systems sampled. Three species of atyid prawns and between three and
five species of palaemonid prawns were collected from six river systems (see table 8).

As these animals are migratory, depending on an estuary for their breeding cycle (Bok,
pers. comm.), the construction of barriers especially dam walls would probably result in
the disappearance of these species upstream from the barrier.

Ephemeroptera

Only a partial analysis of the Ephemeroptera was possible in the time alloted. Mayflies
were abundant in both numbers and species, altogether 24 species of which 9 were
undescribed or new species were represented in the present survey.

The family Baetidae was most numerous with a new species of Acanthiops being found at
three sites along the Mzimkulu River. Two species of Acentrella were recorded in swift
flowing upper reaches of the Mzimvubu River and the Quthing a tributary of the Orange
River. Besides Afroprilum sudafricanum which was common in the upper reaches of the
Mzimkulu and Mzimvubu Rivers there was a single record of A. excisum in the
Mzimkulu and one record of a species of Afroprilum also found in the tributaries of the
Tsitsa during a previous survey (de Moor and Barber-James 1994). The ubiquitous Baeris
harrisoni was found to be surprisingly scarce in both the upper reaches of the Mzimkulu
and Mzimvubu Rivers. Baetis larus and a species of Baetis previously collected in
tributaries of the Tstitsa River were found at single sites along the Mzimkulu and
Mzimvubu Rivers. A species of Centroptiloides possibly new was found in many of the
coastal Rivers sampled. These mayflies are large predatory species indicative of swift
flowing well oxygenated water. There presence would indicate a good conservation status
for the rivers and streams where they were found. This is an interesting find and needs
further studying to confirm its identity and overal conservation status. Demoulinia crassi a
species prefering slow flowing reaches of river was found at several sites along the upper
reaches of the Mzimkulu and Mzimvubu Rivers.

The Heptageniidae belonging to the genus Afronurus were recorded at two sites on the
Mzimvubu River. Species in this genus generally require strong, moderately-swift flows
of water and are usually found on the underside of large boulders.

11
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The Leptophlebiidae were represented by four species. Adenophlebia auriculata a
widespread species in upper reaches and tributaries of rivers in the Eastern Cape was
common in the Mzimvubu tributaries and in the Quthing River but absent from the
Mzimkulu River. This is strange and needs further study. A species apparently near to
Adenophlebia ?peringueyella, which was described and has previously been recorded only
from the Western Cape (Barnard 1932), was found coexisting with an undescribed species
of Castranophlebia at site Y. This again is an interesting discovery and warrants further
research. Euthraulus elegans a widespread species found throughout South Africa was
only found in the Jordan River a tributary of the Mzimvubu River.

In the family Tricorythidae an undescribed species of Tricorythus found at several sites
along the upper reaches of the Mzimkulu and Mzimvubu Rivers but also found on the
Mkomaas River again suggests an interesting biogeographical transitional region. The
discovery of a Dicercomyzon sp. in the Mzamba River is a very valuable discovery and
represents the southern most distribution record for this essentially tropical genus.

The family Caenidae were represented by four species of undescribed Caenis all
apparently restricted to the upper reaches of the Mzimkulu, Mzimvubu and Orange
Rivers.

Trichoptera

The 30 sites on 14 separate river systems produced 23 species of Trichoptera in seven
families. As there was insufficient time to analyse light trap material the number of
species is expected to increase with more specific identifications of some of the taxa
indicated at only generic level becoming possible.

All species of the family Hydropsychidae are adapted to life in flowing water (Scott
1978). They rely on the water current to carry food in the form of small invertebrates and
plant matter to them. Food is gathered in spun silken nets which face the current.
Altogether five species of Cheumatopsyche were collected three of which are widespread
in South Africa. Cheumatopsyche afra, the most widespread, was found in most
tributaries of the Mzimvubu and Mzimkulu Rivers and in several of the smaller coastal
rivers surveyed. Cheumatopsyche maculata was only found in the Mntafufu River but
should be more common in swift-flowing streams in erosional headwater or rejuvenation
sections of rivers (Scott, de Moor and Kohly 1988) which may have been undersampled
during the preliminary survey. C. thomasseti was restricted to the Mzimvubu system and

12
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the Mngazi and Mntafufu Rivers.

During surveys of the rivers of Natal, Dr Mark Chutter formerly of the CSIR (NIWR)
collected a large number of Cheumaropsyche larvae that were unnamed and not correlated
with adults. They were tentatively designated as FMC types 1-8. The larvae of two
species, identifiable as Cheumatopsyche FMC type 2 and FMC type 7, were found in this
survey. The presence and abundance of these two species in the upper reaches and
tributaries of the Mzimkulu and Mzimvubu Rivers as well as in some of the short coastal
rivers shows some interesting biogeographical trends indicating an aquatic fauna
somewhat different from that found in the southern Cape Rivers (de Moor & Barber-
James 1995) and rivers feeding the Tina and Tsitsa Rivers (de Moor & Barber-James
1994) as well as the tributaries of the Tugela River (de Moor 1995, Barber-James and de
Moor 1995).

Single records of Hydropsyche Zongiﬁrca, Macrostemum capense and Leptonema
natalense were found in larger streams (Table 5B). It is to be expected that these species
will be more widespread.

Philopotamidae were represented by a single species of Chimarra of which larvae were
collected in the Daza, Mzamba and Hluleka Rivers. It was expected that Philopotamidae
would be more common in the streams and rivers of the region surveyed. Ten species
have been recorded from this hydrobiologically categorised region (de Moor 1993).

The family Ecnomidae were rather underepresented being found at only two sites on the
Mzimkulu and one on the Mzimvubu. The two species of Ecnomus found were collected
amongst marginal vegetation. A female of an unidentified genus and species of
Ecnomidae is the most striking find of the survey. More collecting, especially light-
trapping, will hopefully produce adult males which are identifyable to species. Most
Ecnomidae are found in quieter backwaters and pools in rivers and limited collecting in
these biotopes may have underestimated the family.

The micro-caddis family Hydroptilidae was represented by two species Hydroptila
?cruciata and Orthotrichi ?barnardi. Specimens collected were larvae not positively
identifiable to species level. Light trap collections not yet analysed should reveal what
species they are as well as reveal other species present.

The family Leptoceridae has the largest number of known species of all the Trichoptera
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families in South Africa. The larvae of five species have so far been found in this survey.
There were two species of Oeceris a genus with more than 30 species known from Africa
collected. Arhripsodes harrisoni a widespread species was found only in the Mqwatyana
River. The empty larval case of what appears to be a sponge feeding Ceraclea
(Pseudoleprocerus) sp. caddis collected on the Mtentu River was a very interesting find.
Further collecting should be done to confirm this observation. Larvae and two types of
cases of a Leprocerina sp. were found in several of the coastal rivers.

The lepidostomatid Goerodes caffrariae was collected along the upper reaches of the
Mzimkulu River. Barnard (1934) described this species from near Grahamstown and
mentioned that it represented a remarkable southward distribution of a tropical species.
Ecologically this species is a leaf shredder usually found in forest streams.

The xiphocentronid Abaria ?electa was collected in a small seep over bedrock running
into the Mkambati River. This represents a valuable distribution record of this little
known species.

Simuliidae

Simuliidae are represented by 39 species in South Africa (Palmer 1991a). During the
present survey 13 species all belonging to the genus Simulium, were collected. In some
instances only very small larvae were collected and specific identification was not
possible, although subgeneric classification, helpful in identifying potential problem or
pest species, could be carried out. For this reason subgeneric classification is carried out
for all Simuliidae in the discussion below.

Simulium (Nevermannia) nigritarse was found in many streams from swift cascades to
small trickles. Larvae and pupae of this species closely resemble S. (Nevermannia)
brachium, and Palmer (1991b) records these two species as occurring sympatrically in the
Buffalo River. Simulium nigritarse appears to be commonly found in slow- flowing
reaches of rivers and is often found downstream of impoundments. Both species were
represented in this survey and for this reason where only small larvae were found they
are indicated in tables 5a & 5b as Simulium brachium/nigritarse. To complicate the issue
further, Fain and Dujardin (1983) revised the systematics of a number of closely-related
species and came to the conclusion that S. nigritarse also forms a species complex. Keys
for 19 species of this complex, mostly from the mountainous regions of central Africa
have been devised by Fain and Dujardin (1983).

14



T e e N B T e

The torrenticolous Simulium (Anasolen) dentulosum was recorded only from the upper
reaches of the Mzimvubu River. It is a species that is confined to waterfalls and swift
flowing cascades of mountain streams. Crosskey (1969) notes that this species is the only
dlackfly found at very high altitudes upto 4500 m in central Africa. It is found in
southern African rivers down to 760 m above sea level, although its ecological
requirements restrict it to cascades and waterfalls. In the rivers sampled it appears to be
restricted to high altitudes.

A larva of an apparent Simulium (Freemanellum species was found with larvae of S.
dentulosum. This is an interesting find and more larvae and pupae would be needed to
make a specific identification. Members of the subgenus are associated with swift flowing
cascading rivers as are those in the subgenus Anasolen.

Simulium (Edwardsellum) damnosum s.1. recognised as a species complex with more than
20 described Afrotropical species, were found only on the Mngazi River. Species of this
complex, however, are distinguishable only on cytological characters. The species, as yet
not identifyable, found in southern Africa are ussually found in moderately swift flowing
waters in large streams. In West Africa certain species in this complex are carriers of
Onchocerciasis a filarial parasite transmitted to man. Heavy infestations of this parasite,
found in people living near rivers, can cause permanent blindness. Fortunately none of
the South African species have to date been identified as vectors of Onchocerciasis.

One of the most widespread species in South Africa, Simulium (Meilloniellum) adersi,
was found only in some of the coastal rivers. It is a pollution and saline tolerant species
usually found in slow flowing medium sized rivers with a stable flow regime. This
species may be more common than revealed by this survey. It has been recorded biting
man.

The subgenus Metomphallus contains several species which usually form the dominant
simuliid component of swift-flowing, turbulent streams throughout the Afrotropical
region. The most frequently encountered species in this survey was Simulium
medusaeforme (Tables 5a &b). The second species in the subgenus S. vorax, was
encountered in swift flowing coastal streams. Where man has interfered with the flow
regime of large rivers in South Africa S. chutteri has frequently become a serious pest
species, attacking livestock near river sites where the fly breeds. The present survey did
not reveal this species in any of the rivers although it has been recorded in the Tsitsa and
Pot Rivers, tributaries of the Mzimvubu (de Moor and Barber-James 1994). This species

15
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may in future pose a serious ecological threat if damming of rivers and regulation of the
flow regime associated with interbasin transfers are implimented.

The subgenus Pomeroyellum is the largest endemic Afrotropical subgenus contributing
2bout 30% of the species and forms of Simuliidae for the region (Crosskey 1969). Most
members of the subgenus are restricted to slower flowing reaches of small to large
streams. A species identifiable as belonging in this subgenus could not be placed in any
presently known species and is labelled as Simulium (Pomeroyellum) sp. nov. It was
found at only two sites and was represented by five larvae and one pupa. The species,
from the limited sampling carried out, appears to be restricted to the small coastal rivers
flowing through the TMS Geological formations. Four other species S. mcmahoni, S
impukane, S, bequaerti and S. rotundum were found in several coastal rivers in small
numbers (Tables 5a & b).

The river with the most diverse simuliid fauna was the Mngazi with 6 species. Wherever
found §. medusaeforme was the dominant species.

CONCLUSIONS

Water quality in the majority of the rivers sampled appears to be good, even at the lower-
reach sites sampled. The diversity of invertebrate families encountered at the middle to
lower reach sites on the relatively large Mngazi and Mtentu Rivers corroborates this. The
Daza River in the Mkabati Nature Reserve was also characterised by a relatively high
diversity of invertebrate families. The fact that the catchment of this river is contained by
the reserve is reassuring from a conservation point of view.

Comparing the estimated species diversity of rivers sampled in this survey (ranging from
7-48 at different sites) with those of rivers sampled during a North-Eastern Cape rivers
survey (de Moor and Barber-James 1994) it is striking that species numbers were far
higher in the latter survey (ranging from 8-133 at different sites). The reason for this,
discrepancy in species diversity in rivers from nearby catchments, is undoubtedly because
sampling effort was not as intense during the present survey, because not all samples have
been analysed nor have all identifications been carried out to species level. Further -
analysis of the remaining data will undoubtedly increase the number of species and
provide a better knowledge on the species diversity and hence enhance informed planning
and conservation.

16
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On a relative basis comparing sites within the present survey, the lower species diversity
observed at the Mkambati River, especially at the upper site, requires further
imvestigation. It is suspected that there are possible sources of pollution mentioned in the
discussion. Also, the disturbingly low diversity of invertebrates encountered at Xura and
Mtata River sites indicates that these rivers are in a very poor condition. Sources of
pollution need to be identified and corrected before the water in these two rivers can be
used for human consumption.

Although species diversity was consistently lower at the upper reach sites in the Nsekeni
and Ongeluksnek regions than at the lower sites, species indicative of good water quality
were found at all sites except at the Lubbukweni wetland system. This is undoubtedly due
to the relatively stagnant, poorly oxygenated water in the wetland. Most aquatic species
collected here were found to be atmospheric airbreathers. The fact that pollution tolerant
species such as oligochaete worms (normally found in great abundance in polluted waters)
were not encountered at these sites suggests that the absence of indicator species in this
system is probably due to the lack of suitable habitat and flow conditions rather than
water quality problems. The number of invertebrate species recorded from the wetland
sites corroborates this.

Three new distribution records for the freshwater snail species Gyraulus costulatus,
Neritina gagates and Sphaerium incomitatum resulted from this survey. Nine undescribed
species of mayfly and one species of blackfly have been recorded from the samples
analysed thus far. Many new distribution extensions have resulted and have provided
valuable biological information. The presence of certain man-biting Simulliidae as well as
the notorious livestock bloodsucking pest Simulium chutteri in the region (although not
collected during the present survey) warrant special precautionary measures for any water
abstraction, interbasin-transfer or dam building projects.

Five species of freshwater snails which are known intermediate hosts of trematodes
causing bilharzia and fluke infections in man and his livestock were found from several
river systems. Although bilharzia is known from the Mngazi River, a thorough
investigation into the extent and range of this problem in the Transkei is recommended.
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Table 1. Key to abbreviations of biotopes sampled during the survey of the Transkei Rivers
October/November 1996.

Biotope

FNW
LIGHT
LPIC
MOSSIC
MVIC
MVOC
POOL
SIC
SOC
SOR

Description

Flying near water

Light trap sample

Leaf pack in current

Moss in current

Marginal vegetation in current
Marginal vegetation out of current
Collected from pool

Stones in current

Stones out of current

Surface of river
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Table 2: List of sites and biotopes sampled for invertebrates, during the Transkei river survey,
October - November 1996. * indicates samples still to be analysed.

SITE RIVER RIVER CO-ORDINATES BIOTOPES
SYSTEM TRIBUTARY SAMPLED
1 Mzimkulu Lubbukweni, 30° 09° 11"S : 29° 27" 28"E MVOC
Mangeni
X Mzimkulu Lubbukweni, 30° 09" 30"S : 29° 27’ 34"E MVOC
Mangeni
2 Mzimkulu Tom, Gungununu 011978722925 925 F0H SICTERIC
MOSSIC
3 Mzimkulu Gungununu 3007 01"S:29° 27 39"E MVOC
4 Mzimkulu Siqubbini 30° 08’ 53"S : 29° 25’ 56"E SOR, SIC,
' MOSSIC
5 Mzimkulu Ngwangwane, L1l U G Gl e S L 2 SIC, LIGHT"
Gungununu
6 Mzimkulu Trib. of Malenge, 30" 117 15" :.29° 353° 59"E No sample
Gungununu
i Mzintlava Main channel 30° 227 54"S : 29° 26° 5S8"E No sample
8 Mzimvubu Kinira 30° 18” 41"S : 28° 38’ 12"E SIC, LPIC
9 Mzimvubu Kinira, Mabele, 0% L7538 2 282934108 SIC, LIGHT"
Jordan
10 Mzimvubu Kinira, Mabele, 30° 19’ 49"S : 28° 21° 09"E No sample
Jordan
11 Orange Quthing (in 30° 20’ 00"S : 28° 13’ 09"E SIC, SOC
Lesotho)
¥ Mzimvubu Kinira, Komalihare, | 30° 20” 15"S : 28° 16’ 09"E SIC
Paballong
12 Mzimvubu Kinira, Komalihare, | 30° 20’ 39"S : 28° 18’ 11"E FNW, POOL
Paballong
13 Mzimvubu Mabele, Jordan 30° 177°06"S +:28%2220°E SIC
14 Mzimvubu Mabele, Jordan 30* 172 45"8 : 28° 19’ 39"E SIC
15 Mzimvubu Trib. of Mabele 30° 19’ 49"S : 28° 21’ 19"E MVOC
16 Mgwatyana 31* 15558 - 302 01" 47"E SIC, MVIC
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SITE | RIVER RIVER CO-ORDINATES BIOTOPES
SYSTEM TRIBUTARY SAMPLED
17 | Mqwatyana 31° 15° 46"S : 30° 02’ 12"E | SIC, POOL
18 | Mkambati 31° 16" 26"S : 30° 01’ 23"E | SEEP, SOR
MVIC/OC
19 | Daza 31° 17° 41"S : 29° 58’ 55"E | LIGHT", SIC,
MVIC/OC,
FNW
20 Daza 31° 18 19"S : 29° 59’ 45"E No sample
21 | Mkambati 31° 15’ 14"S : 29° 57’ 34"E | MVIC/OC
22 | Mtentu 31° 07’ 52"S : 29° 45’ 22"E | SIC, MVIC, SOC,
SOR
23 | Mzamba 30° 55 45"S : 29° 49° 00"E | SIC, MVIC/OC
24 | Msikaba Mhlumba 31° 117 52"S : 29° 36’ 32"E | SIC, FNW,
MVIC/OC
25 | Misikaba Mitsila 31° 14’ 12"S : 29° 35" 43"E | SIC, MVIC
26 | Msikaba Xura 31° 19" 07"S : 29° 34’ 04"E | SIC
27 | Mtata 31° 55" 27"S : 29° 08’ 11"E | SIC, MVIC/OC
28 | Mdumbi 31° 53’ 17"S : 29° 11’ 27"E | SIC, MVIC
29 | Mshakatye 31° 50’ 35"S : 29° 14’ 36"E | No sample
30 | Hiuleka 31° 49° 27"S : 29° 18’ 0S"E | SIC, MVIC,
LIGHT
31 | Magazi 31° 36° 39"S : 29° 24’ 16"E | SIC, MVOC
32 | Mntafufu 31°29° 39"S : 29° 31’ 40°E | SIC, MVIC/OC
33 | Mngazana 31° 37° 42"S : 29° 20’ 38"E | SIC, MVIC
22




SEPIUOWRIO ]

vadodvodd

VHOV.LSNAD

sepiuseydg

YaodAddT1dd

aepijfouy

seutuIng

aepiqiouejq

VdododlsvyD

YOSNTION

VHANIANYIH

VIGVHDOOI'TO

VAI'TINNY

oeprieue]

VIIvITdddanL

—
e
Rt e ———,
- — —

sepupkH

VLVHAINATIOO

I = Sl

vi

|

(4

£

4

.ozmha__
VXVL

AO =

ngnaunzgy

NpUIZY]

WALSAS =

"uaAId

ORJIE L DI GO I P o0 Sa1aady JO aquIn pajeise o], is yora e pajoajjoa Ajwey 10 dnoad ayy ungiis saads Jo Jsaquinu ar uasaidal uwnjod
(N U VIBGUINN WIAN ALY SHURIO) = HO 9661 JQUIDAGN /IDGOI0) ADAINS JDALL [YSURLL L) Buianp G[-] SIS B PpUnoj BXe) JO 18I V *VE 9qEL

LSRN R_FR_[R0_[A_ [ [N [ -

[

e e e



VHd.LJOSINY

——

sepruoniensao)

VId4.LdODAZ

VIVNOdO

EpIpag

QEPLINOWIAUOJON

VId1d0Dd1d

aepiue)

sepujikioon ],

eepriqejydoyda]

sepruadeyday

sepnseyg

VIdd1LdOddIWHHdAE

VLOASNI

VNIIVOVAdAH

VAIIVNVIY

VAINHO VYUY

Vdd00davIo

VAodOVYLsO

I

vl

£l

4!

6 8 g 14 £

(4

.ozmbz__
VXV

HO

NDAWIZ

N UNZy

WHALSAS =

NN R




SEPIUTH

aepluaeIpAH

SepruLAD

seproshAq

2epIpojaH

Vd4.Ld0d710D

seprjewojsopida|

sepueooyda]

sepindoipdy

QepIuUOuoH

sepyohsdoipAH

VddLdOHOIY.L

QEpI}OsUO)ON

aepiofd

EPIXHIO)

QEPUISA

QepLIIan

Vid.LdINGH

QepIuysay

vl

tl (4 A

] 4 1)

[4

‘ON HLIS
VXV.L

p: (0]

NGNALZA

nppunzy

WHLSAS

[ [




0z __ 0z

]

Ll

ST

61

SI

Ll

SI

97

Sa19dg ON B0, 151

1 __ ST

11

ST

01

01

LY

91

sofjiure, “ON B0

{oep1 ﬁuﬂb oygavad

—

QupIASIA

sepruAY

aepindry,

—_

sepiuododojera)

—

ruisiejfue],

—

—

TUTUIOUOITYD)

SRUILIOUOIIYD)

Las]

QEUIIPE[0Y)Q

aeutpodfue],

=t

SBPILIOUOIIYD)

o~

—

QeprnuIg

QEpPLIAOLIE Gﬂumm

Vddi1did

aepijiydoipAH

vi

£l

4!

£

[4

.oza@a__
VXVL

b (8] __

ngnAUNZEy

nynyunzpy

WILLSAS =

B i NN RGN N N S O

—



__

VaodADdTdd

ol

aeplj£ouy

_—7

{oeprauroong

QEpIoUIISS Y

ELNIEING

i

—

seururng

ol

aeuIqIouE|J

aepiqioue[d

v—(

oeproeumA]

VaAOdOdLSvVO

YOSNTION

|

—

V.IdVHDO0DI'TO

I _—

VAI'TANNYV

)

aepiieue|

~——

VIAVTTIgANL

]

I

sepuply

£€ __ € __ It __ 0€ __ 87

VLVHAINATIOD

ST | 4

X4

(44

61

1z | 81 __

LI 91

‘ON ALIS __
VXVL

VIN _— NIN __ oW __ TH __ an || vi

YAVIISIN

ZIN

LN

va __

WVIIN __

LYMOW

WALSAS __

‘pajduies

DU 1o J0j uaArd s1 sardads Jo saquinu [)0) pajeuINsd Uy NS Yora JB paroafjoo Apiwey 1o dnosd ayy unygim sapoads Jo sequinu ayy Juasasdas uwingod yora
UL SIDQUINN “SWaIsAS Jaay wuezelupy = VIN ‘nnuy = NN 128Uy = O ‘eYOIMH="TH ‘IQUNp =N ‘CIRIN = V.1, ‘BqQUEZ =7 ‘MU = LIN ‘CZe(]= V(]
QI N S WYY AEsbig s LV MO 19661 19QAUAON/I0G010) ‘SIOALL IYSURL, Y} JO AdAins ot} Burnp £¢-0f $a)S ¥ punoj BXe) JO 181 V 4§ e

i e i o i e e e N L A



__ | i | Ll

VNRIVOVAdAH

__ aepLnpog
__ BPILIO)OS]
_ VIOIWATIO)D
I I

| VAIIVNVIV

I YAINHOVHY

z I I z VAOOVALSO
I __ ViE00aVID

__ vaodosl

I I VAOdIHdINV
I sepluouoe|e
I

—
—
—

—

z Z 1 T 1 I 0 QepIfy
1 QEPIUOIIRB]O]

il
I I I I I I
vaodvodaa
| I

[l VADV.ISNAD
wl wl e __ o | szl | ez sz w2 __ €z __ w __ o [ 1z s __ al ol conaus

QRPINIGIOD)

VXV.L

VI __ NIV | O __ |l oaw [ v VAVIISIN __ ZN __ LI __ va WVIIN __ LYMOI WILLSAS

EioE s e mEa = = . e = e

il il el el el o el ol ol o ol o el e i i i B e N e I




I _
__ __ 1 SepHnpIO)
B I A I B _
__ I 1 __ sepiyduion
: '-’ VYHLJOSINY
5 - S —
. - —
I I 1 I [4 I I __ aepruondeuso)
’. ’. ‘_ v. VYALJODAZ
= V.LVNOO
I I I I =
__ __ __ __ = V¥ELd0OATd
z I I z I oepIuoE,
I [4 1 z QepIyI 10911 ],
T I C (4 aeprigepdoiday
I __ I I __ sepriuadeydap]
v £ z I I £ v £ p—
| l V¥ILJOYTNIHdA
__ V.LOASNI

It 87 __ I%: __ 97 £7 __ 2 “ON ALIS
VXVL
oW __ e aw __ Vi __ N _[ LW AVMOW [ WHISAS | 1

e el e e o Nl N N N N N NN I




I __ H‘__ I __ __ 1 __ Ji 1 I BB z = oeprunkn
2 2 L B 2
‘7 | T I 1 SepIpOeH
__ ‘i : V¥31d0dT00
‘- I ‘v‘ __ | aeprjerlg
__ __ ‘7 “! VAELdOAIdET
. ‘f 3 e
S I e - o
B I N I A B B 3
. 7 W3 i &
z __ € € I = e z Z __ z _‘! I I I owpryofsdoipAy
__ __ ‘_ : I VHH1dOHOIL
I I I I I I I I ~__ I QBPLIOONEN
= Hrb e
__ 1 I “‘ __ “ JepljeUIo)SOjog
EEEnEsEmTLEEE
= I I “ I “‘ sepidaN
B R RS e D KD W M
z I I _‘_!_ I Bz __ z z I I I FEPHIIA
_ S B e B o B M
- - 1
£x _— w| e ‘~ 0f __ sz | | oz sz wm _ ez [ 7 __ 6t e st ul o[ onawus et
VIV __ NTH T T __ aw | v VAVIISIV _ N || __ va WVIW || LvmOn WALSAS

(NN e R W e e



Iy

A EEE

o€ | Tt

[ oe __ Sp

W __ Y

Ll

Sepadg “ON [v10], 15

9z

57 __ €€ __ € __ I7; _

w__m

0T ST

61 __ €

0€ 2 61

I

S "ON €0

sepriwonens

aeprosujy

—

QBPIOLIAYY

eeprndiL

aeprueqe],

—
e —

—

—

—_—

sepiuododojers)

]

—

o™

ol

uisie)Aue ],

ol

—

WOy

QRUNIOUOI YD)

o~
— —

ol

—

QBUIIPE[OOY}I()

—

—

seurpodAue |,

9EPILOUOIIYD)

Lag}

=t

(o]

oeprjnwIg

| -
v

—

aepIpoydfsg

Vddldid

e mtt——
—(

—

oepiuatjdos g

—

—

e ettt ey
—
—
—

—
o~

aepijiydoipy

—

aeprug

=

aupruaeipAp

===

5T v

__ |

6l __ 81 __

91

"ON SLLIS __

VXV

el R SR N O oM o O BN BN BN N AN N S

VIV __ NIV __ oW __ I __ an __ VL __

VAVIISI __ 7N __

va __

e e T

WV __ LVMOIN

WALSAS __

w




HVAIIIIVHIS

VAodADHATAd

'v * ! _ * wnpodul; wnvyds

* __ “dds vidnuang

* * snordoay snuyng

: = AVAITADNY
*

__ seurulng

__ AVAITIONY 1d
__ VAOdOdILSYD

gl 1 vl ol ai a 6 8 __ S b £ z | x I ‘ON LIS __
VXVL

30 ngnAUNZ __ NIz WHLSAS =

D661 9GO0 ‘AaAIns SI9ALL 1ysueL ], oY) JuLnp G- Saus & punoy sorvads eISN|OW VY AqeL

B T N N ™ ol



s210808 vuIN

HVAILNEN

DIDAO DIUNUISSY

HVAIININISSY

snordoay; snuyng

snuvoLLYp snuyng

*
e e
——————
* *

aeuruIng

—
*

raffiafd viavpydiorg

smopnisod snpnpado

*
*

qjounos snpnvido

QrUIqIOUE[]

HVAIFIONVId

sisuappivu vy

pjjaumpod vaviwdy

HVYAIHVNINATT

Vaodod1lsvd

I€ __ 0€

L1
=

87

LT

9

§C | ¥C

(44

(1

| ¥4 81

-

Ll

"ON H1IS
VXVL

VIN __ NI || ow __ ™ || aw

VL

VAVAISIN

N

LIN

va

WY

LYMOIN

WHILSAS

"SWAISAS IoATY
pURZeRUN = VN ‘DIneIuN =N “‘1ZeSu =D ‘eXnH="TH ‘1QUNp =N ‘BIBIN=V.L ‘CQUBZN =7 ‘MUAN =L ‘Czed=Vd ‘Dequey=AVIIN
‘eueKiembiN = LVAMOW 9661 JOQUIDAON/I0I2() ‘SIOALI I9YSURL], oY) JO AaAins ai) Sunnp ¢€-9] $9)IS 18 punoj so10ads eoSn[[O JO I81] V "dp dqEL

NN NN N N N R N K R N RN N N



Sppununyf; vINo1qI0

DUNIDISD; DINIIGL0D)

*

Hvarindigdod

VaodADd1dad

‘dds vissiiia,g

*dds vidnuing

HVAI'TADNY

"Jeput *ds ‘e

.

HVAIENIDONS

5._ ey :.= 0f ﬁl_ hn_ 97

*
t7 w 6

9] __ "ON LIS

VXVL

VIV __ NI [ oW __ ml aw __ Vi __

LYMOI __ WILLSAS

R P I RN N NSRS [ jNE R e e




St

* avuwffbo sapo.aon)

HYAILVINOLSOdIdd'T

* .. z'ds snasag

% 1'ds suaoag

HVArgadoLda]

* “ds prypruoyLo

dVAI'TILdO¥dAH

" aou *ds *aou ‘usH

* “ds smuouazy

__ * % [ 'ds snuwoudyy

HYJINONDH

* nassouoly ayodsdoipwnaiy)

* * WL od&1 DA, 2yodsdomunary)

* JZ od&L OWA, 2yodsdomunary)

* * * * * * * * vifp aypsdoipuinay)

HYAIHOASJOYdAH

4 | 14 £l 4 A 6 8 S 14 £ (4 X I ‘ON dLIS __
. VXVL

10 nqnatzy . NIMULZEy WILSAS =

Q661 1994010 AaAINS SIDALL 1aysuR ], ay) Sulnp G[-] SaNs e punoy saads eiadoypii], *ye aqey,

[ o B¢ B0 B SR R e R A A e N R



__

o ‘dds puyporuoyiip

|

IPADUIDGY DIYOLUONLID)

“dds vyndospdy

vino; vindoipdy

|
| __ | dAVAITILIOYAAH
i __ * __ __ * ‘ds vvuny>
__ __ _— __ __ —_ HVAINVLOdOTIHd
* __ __ : asuadvo wnuajsoovpy

asuapvy Q:...bze_..a.m.w

vounfiduoy ayplsdoipAry

nassouioy) ayodsdounayr)

vwpnovu ayodsdowunay)

- |

WL 2dEL DN, 2yodsdomunayy

W1 2d&] DA, ayodsdowunay

E

*

K

. vufo ayofsdopumaiy

__
__

g |

= dVAIHOASdOYdAH

ce __ z€ __ I __ 0g __ 87 __ 1z __ 9z

st| n mu__ Nm__ 61

1z| 81 __ LI

91 __ ‘ON ALIS

VI __sz __ oW __ TH __ an __ VL __

VAVIISIN __ N __ LW __ va |

WV __ LVMOIN __ WHLSAS

VXVL

SWOSAs 10ary vuwzedup =y ‘nnpmupy =N ‘1zedupy = oW ‘een ="1H IqUINpiN =N ‘BIMN = V.1 ‘BQuBZN =7 ]\ ‘MU= LN ‘eZe=v{
‘equvy N = WY NIN vueiemb iy = LY MO 9661 19GUIDAON/19G0150) SIOAU 1oysuRI [ o) Jo Koains ay) Fuunp gg-9] SIS e punoj sarads waydoyowr ], Jo 1811 v *gs ajqe L

A e s o S S A L N N NN N N

-
—



D123 VDY

__ __ HVJINOYLNIDOHdIX

—* * * * dds snasagp

* __ 8 “dds snuao01dag
* __ * * * “ds vuria203day

i'ds (snuavordajopnasyg) vapvaar

wosLLwy saposdiuyty

HVATIID0LdTT

w| e __ o€

mﬁﬁ

LT

9z

St 44

£ w 61

1z 81

Ll 91

"ON LIS

VYIN

NIV | o __ || aw __ VL

VAVAIISIN

ZN LA vda

WV

LVMOIN

WILLSAS

YXVL

|

Al

P T e ..

S~ 0 N AN MM A8 N a8 AR




__ * ds (wnpjakosawog) wnynuig

o * “ds (snpoydwosapy) wnynung

* auLlOfovsnpaut wnynug

* auvyndun; wnipnug
* *ds (wnpppuvwizadg;) wnipnuag

* @ * * wnsonuap wWninuig

* * * 2SIUT I UNIYOVLG Wninung

* WnIDLG WNnug

nll ss| sl al anl x 6 8 __ S v ¢ z X I "ON LIS __
VXVL

10 nqnawizyy __ npjuzpy WALSAS __

0661 104010 £oAIns SIDALL [YSURL, o) Suinp G- Sa)s & punoy sarpads sepinWIS V9 dqe,

R ov on oy pv oy o e ow pe pe e e e e e e e e e




* * HOYDWIOW WNNUNS
* auvyndun wnnynug

* * * * 1uovnbaq wnynung

XDL0A WNINUG

* * * * __ * * # * * # * ® PULIOfDSNPIW WNNUIS

1S42PD WNNUIS

*
™*
:

‘I'S wnsouwpp wnynung

*
—
—

- WMoD1G/25.w 1081 wnnuig

28048 wnnuig

*
*

__ __ __ . ; ‘aou *ds (wnjjafosouiog) wnynuig

. __ % WNPUNIOL unipnuis
*
* #
*

#* # *
| ; __ __

*
fl
€€ __ le__ i€ [ o __ szl | oz sz| we] | = __ st || 1z s __ | o] -oNaus
VIN __ NI __ oI

H __ an || vi vaviisw || zin || aw __ Va [ VI __ LVMONW || waisas VXVL

“SWSAs JoARy vuvzeduN = VN ‘Dnjuupn =N ‘ZeSup = oW ‘efe[n|H="TH ‘qunpN=JW ‘BRIN=V.L ‘equezN=7Z\ ‘MuN= N ‘®Zeq=vd
‘nequimy g = WV ‘eurliembiy = LVAMOW 9661 J9qUIAON/I2G0)00 ‘SI0AL 1aysuel ], ay) Jo KoAins o) Fuunp g¢-9[ $9)IS J8 punoy epinwis jo Is1 v g9 dqe

e = &8 M A8 M N NN Nl Al




“ds snanuoify

yfijo snanuoify

HVJIINGOVLdGH

‘juaprun *dds ‘uag

15§00 DIUInowaq

*

*ds saprojridoauz)

«C'ds 1puo, siavg

Snip] suavg

mosruvy siavg

wnuvorfopns wnjndoify

*

w£'ds 1puoy, wmpndodfy

winsx2 wnpdofy

S1suapvIvN v]2LUIO Y

D]OINUOU DJ]24UIIY

%

‘aou “ds sdonyuwoy

T

i€ || €z __ w __ 61 __ 81

£l

4

v_m (4

Hvdiravd

X |1 __ "ON ALIS j
VXVL

ow || zw __ LW __

va

e

HO

ngnAUIZy

nnyunzpy

__ WALSAS

DLW NI U pagaagiar jou an arojasar) pun juasaxd e pasKprue Kimajdwoour are g¢-91 sans wony wadorawayds] swasKs soary 1Zedu =0

U 2N A s LN TR e gy s N 0T« 0 9661 1290100 Kaans oAt reysuns ] oy Suunp punoj saroads vamdorawaydiy *g aqe

I o e i i e el e e i e e o o




|

dds smav)

p "Aou

“ds swav)

€ ‘AU

“ds swan)

7 "aou

*ds smav)

] "Aou

*ds swav)

HVAINGVD

Seeuroyun, sniyp{10014]

*ds wozduioou2011

HVAIHLAYOONML

sundaja

snnpaying

‘aou ds mgapydounisny

vjjadanduiiad; vigapydouapy

vinoLny vigajydouspy

AVAlgadIHdOLddT

I __ £7

6l _ 81 I __ Sl

vi

£l

(4

A

£

(4

"ON ALIS

9 __ ZN

va __ MW || w0 __

N(nAIZLY

NIz

INULSAS

VXV.L

o

B

]

= e e e e B B A B B



“ds wowavvg

E=

‘dds wnyovaqoovpy

suapinba wnnpoviqoovy

HVAINOWAV 1vVd

*

*

snd&y vuipravy

DoHOJIN DUIPIIDY

puvLLYD; VUIPLIDY

|
1|

| v

T4

{4

L]

_ __ HVAIALY
1

‘ON HLIS

VI __ NI _

9 __ BTl __ aw

VAVIISIV __ 7N

LIV __ va

IWVIIN __ LYMOW

WHLSAS || VXVL

SopAn oAy mnzRup < v Iy npnmuy - NI Czeup - oW ey “TH QUNpN =AW PN = VL BQuIRZiN =7 N ‘MU = LIN ‘ez =V

I S WY Ay s LV AOI 0661 T0GWIDAON/19G0IN0) HIDALL gL ], o) jo Kaams oy Juunp ge-91 sops e punog sumesd 1oemysany Jo 1s1) v 'R vy

. i i e R i el i i S L N

s

e



L Bl Bl e B B W B N L DL B el B R B e e e




