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1’ l.AT!-' : Polythene art  i t Li ia i -sub st  r a t e  00 Ionized by o 11 rips o f  si raul i  id 
l a r v a e , md pupae.

PLATE 6: Metal rod with attached artificial substrates. The central 

substrate had been dislodged.
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The volume of separated animal groups collected from stone samples was 

estimated at monthly intervals. As volume is not as frequently used as 

biomass (Hynes, 1972) equations to convert volume (easily aeasured in 

the laboratory) to the more involved and complex biomass determinations 

were derived from a selected data base (Appendix 2.5).

The amount of food present in the river was considered as a possible 

factor that might influence the population size of Simuliidae. For an 

estimation of the amount of food available the total organic, carbon 

(TOC) from filtered and unfiltered samples of river water was compared 

at weekly intervals. It was postulated that the difference in TOC 

between these two samples would give an indication of the amount of 

particulate organic carbon present. However highly variable results 

showed that this method was unsuitable and a method usinp Ultra Vio'^t 

light absorbance was used to determine the amount of particulate orgai .. 

material present. A description and discussion of this technique is 

given in Appendix 2.6.

At monthly intervals from June 1979 to July 1980 a one litre sample of 

water was collected from running water in the study rapid and preserved 

with formalin. Diatoms (Baci1lariophyta) were identified and the domi­

nance of various species was determined by Dr R E M Archibald of the 

NIWR. In addition the diatoms in 120 microscooe fields at a magnifica­

tion of 1 250 times were counted from each sample of water which had 

been concentrated down to 5 or 10 m£ and a 0,1 mi sub-sample of this was 

then prepared on a microscope slide. This allowed a monthly estimation 

of the density of drifting diatoms. From the determined surface area of 

each 0,1 a‘J- drop of water (planimetry) an extrapolation of diatom counts 

expressed as numbers per litre of water was obtained. As diatoms are 

recognized as a good food source for Simuliidae (Ch. 7.3.7) simultaneous 

fluctuations in population densities of drifting diatoms and Simuliidae 

would indicate that diatom density was a factor influencing simuliid 

abundance.

The recording of air and water temperatures, pH, rainfall, water level 

of the river at a selected site, water velocities and volumes of water 

released are described in Appendix 2.7. Results are presented in 

Appendix 2.7, Table 2.24. Population estimates of fauna from artificial
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ubstrates and stones trom the :urrent ir expressed is .Jichel mean

values (Appendix 2.8, Table 2.25; Appendix 5, Tables 5.1 to 5.3).

Faunal counts £rom the drift are expressed i . numbers per I 000 litres 

'f water (Appendix 2.7, Table 2.27).

..3 RESULTS AND DISCUSSION

-.5.1 Fluctuations in simuliid abundance in ttie study rapid

uring a year when no management of water flow was carried out, sirruliid 

iopulation levels on artificial substrates were studied in detail. 

;~i-»ure 3 shows that chuttari and S. xd&rsi were always present. 

Recruitment of first instar and micro-sample larvae also occurred

• iiroughout that year (Fig. 3a and b), and the presence of simuliid eggs 

in the drift (Fig. 4a) at all times irdicated that breeding occurred 

•v.roughcut the annual cycle.

he simuliid population on artificial substrates in the study rapid as 

orne out by micro-sample larvae (Fig. 3b) was greatest in October 1979. 

The species mainly responsible for this increase was S. shutteri (Fig. 

>c and d). A correspondingly high number of first instar simuliid 

.arvae on artificial substrates also occurred at that time of the year 

Fig. Ja). An earlier distinct increase of first instar larvae from May 

July 1979 could however not be associated with a corresponding 

ncrease in ?. ihutteri larvae and pupae. Figure 3e shows that there 

was an increase in the population of S. adetsi at that time. It thus 

ippeared that first instar larvae, not yet identifiable to specias 

.evel, .ould belong to S. .xd&rai from May to July.

.omparing the actual numbers of first instar larvae to the numbers of 

micro-sample and ». ohut teri larvae (Fig. 3a, b and c) it does not 

,eem possible that iuch low numbers of first instars could account for 

the increased population levels of 3. ihutteri in October. It could be 

that first instar S. ohutteri larvae occurred at other sites and not 

inly within the rapid where the population Levels were monitored on 

irtificiai substrates. Population levels of 3. adevsi were lower than 

. -nutter' and from May to July it seemed feasible that the first
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FIGURE 3: Numbers of simuliid Larvae on artificial suostrates at weekly 

intervals from 4 March 1979 to 20 March 1980, counts expressed 

as Sichel mean numbers per substrate with 90 per cent confidence 

limits
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instar population of Simuliidae on artificial substrates could account 

for the numbers of S. aderaz encountered then (Fig. 3a and e) . These 

observations indicate that o. chutteri and S. adersi are temporally and 

spatially separated and this aspect is taken up in greater detail in 

Chapter 7.

WJ 1980

FIGURE 4 : Numbers of Simuliidae encountered in 1 000 litres of drifting 

river water, samples collai'ted upstream of the study rapid at 

weekly intervals from 4 March 1979 to 20 March 1980

An increase of simuliid eggs, first instar and o' er small larvae in 

drift samples from September to November 1979 (Fig. 4a, b and c) as 

followed closely by an increase in the numbers of S. jhutteri on 

artificial substrates. Eggs in drift thus appear to belong to 5. 

ahutteri, a conclusion which is supported by studies reported in Chapter 

6.3.4a.
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inscar population of Simuliidae on artificial substrates could account 

for the numbers of S. adersi encountered then (Fig. 3a and e) . These 

observations indicate that S. ohutteri and 3. adersi are temporally and 

spatially separated and this aspect is taken up in greater detail in 

Chapter 7.

19 f 9  1980

FIGURE 4 : Numbers of Simuliidae encountered in 1 000 litres of drifting 

river water, samples collected upstream of the study rapid at 

weekly intervals from 4 March !97y to 20 March 1980

An increase of simuliid eggs, first instar and othe*- small larvae in 

drift samples from September to November 1979 (Fig. 4a, b and c) was 

followed closely by an increase in the numbers of 3. chutteri on 

artificial substrates. Eggs in drift thus appear to belong to S. 

ahutteri, a conclusion which is supported by studies reported in Chapter 

6.3.4a.
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There were also large numbers of first instar simuliid larvae present in 

drift samples collected from May to July, but then there were no corres­

pondingly large increases in the numbers of eggs (Fig, 4a and b) . This 

again indicated that another species of Simuiium was responsible for the 

abundance of first instar larvae found in drift samples at that time of 

the year. As S. ader3i was the only ether abundant species at that time 

of the year, it is reasonable to assume that the observed increases in 

first instar larvae then were due to tnat species.

At the end of October a significant decline in numbers of micro-sample 

larvt.e and J. j'Hutteri larvae and pupae on artificial substrates 

occurred (Fig. 3b, c and a). The density of first instar and small 

simuliid larvae in drift samples also declined. Possible reasons for 

this are discussed below.

The two species of Simuliur, responsible for most of the fluctuations in 

population levels of Simu'iidae encountered from March 1979 to March

1980 were S. jhuzteri and S. idersi. The two other species, S. momahoni 

and S. icamcsum occurred sporadically throughout the year but their 

numbers were too low to contribute significantly to simuliid population 

cnanges monitored (Appendix 2.8, Table 2.25).

Significant numerical increases of first instar and micro-sample larvae, 

as well as 5. chutt*ri larvae and pupae occurred on stone samples 

collected * rotn the study rapid at Witrand in spring 'September to 

October) or 1978 and 1979 (Fig. 3a to d) . A decrease in S. Qhuttivi 

larvae an̂ i pupae from September to October 1980 was due to a water flow 

manipulation pLgramme and for that reason the highest population 

densities of these sc_ges were attained in July and August that year.

The greatest increase in numbers of both S. adevsi larvae and pupae on 

stone samples from the study rapid occurred from June to August for all 

three years (Fig. 5e). Simulium mcmahoni had a similar increase in 

population sire during the winters of these years but in this species, 

population numbers remained high until September (Fig. 5f). A peak in 

the nuratf'- of J. darmosum s.l. larvae and pupae occurred in September

1979 with a dramatic decline in numbers following in October and November 

(Fig. 5g). In 1980 S. lamnosun increased numerically from March
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onwards reaching its highest population density in July. From August 

there was a gradual decrease in numbers probably strongly influenced by 

the water flow manipulation programme.

A steady increase in the total simuliid biomass occurred every year i r  

snring and the highest biomass was usually recorded in October (Fig. £) 

The unexpected decrease in bior-iss which occurred after July 1980 was 

due to the successful application of a water flow management programme 

to control the size of the simuliid population that year.
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FIGURE b: Dry weight biomass of the total number of Simuliidae on stone 

samples at monthly intervals between September 1978 and March

1981, biomass expressed in grams per 1 000 cm' of stone 

surface area

‘*.3.2 Possible factors influencing the size of simuliid populations in 

the selected rapid at Witrand

A number of environmental factors, both physical and biological, were, 

monitored during the study period. Some of these factors were selected 

and independently examined as to their effects on the pre-imag'nal 

simuliid population size fluctuations. Only general trends in the 

variables which might control the abundance of Simuliidae are discussed 

below. Correlations between the various factors and simuliid populations 

were not determined because both simuliid population estimates and the 

physical and biological parameters measured were not under control and
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were subject co natural variability (Laws and Archie, 1981). Attempts 

to correlate any particular variable with simuliid numbers, without 

taking into account all the other variables which would have an effect 

on each other and a combined effect on the population size of Simuliidae 

would probably give rise to spurious correlations (Simpson &t at.,  

1963). A multiple regression analysis using the combined physical and 

biological variables to determine how much a selected combination of 

variables influenced population fluccuacions in Simuliidae is carried 

ouc in Chapcer 8.

a) E2£d_availabi ljLtv

Only pocential food for larval Simuiiidae was examined, food for 

adulcs was noc considered. Alchough Carlsson et al. (1977) con­

cluded chac chere was no direcc relacionship becween pl.mkconic 

concencracions and simuliu abundance, ocher workers (Harrison, 

1960; Ennan and Chouteau, 1979) found chac significanc increases in 

simuliid numbers occurred when nanoplankcon or organic maccer con- 

cencrations were high. It should be noted that a direct relation­

ship between the concentration of organic macter and simuliid 

numbers is not to be expected, as an increase in organic maccer or 

plankcon would only lead Co a subsequent increase in che animals 

feeding on Chis matter.

The estimated particulate organic carbon (Fig. 7) (see Appendix 2.6 

for details) was above 1 mg per li're from September 1979 to 

February 1980 and this was also the period when significant in­

creases in Simuliidae occurred (Figs 3, 4 and 5). Maciolek (1966) 

concluded that the total population of filter reeding consumers in 

Convict Creek California was probably only limited by minimum 

seasonal concentrations of microseston (defined as organic detri­

tus, diatoms and miscellaneous organisms smaller than 400 um) below 

0,5 mg per litre. He also speculated that levels of microseston 

higher than 1 mg per litre, wouLd probably not be fully exploited.

Taking into account only the particulate organic carbon concentra­

tions from UV estimates (Fig. 7), low levels in June and July 1979 

might be considered as a factor restricting simuliid population 

size. Considering however that the concentration of dissolved
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1979 1980

FIGURE 7: Estimated amount of particulate organic carbon in river water 

samples collected at weekly intervals from 10 March 1979 to 

13 April 1980. Particulate organic carbon expressed as 

milligram equivalents of humic acid per litre of water

organic matter in locic waters is generally higher than particulate 

organic matter (Weber and Moore, 1967) it can be understood that 

total organic c-rbon measures (.Appendix 2.6, Fig. 2.9) were 

considerably higher than the estimated paniculate organic carbon 

(Fig. 7). As dissolved organic matter may also be utilized by 

micro-oryanisms, and is known to flocculate out in alkaline waters 

(Lush and Hynes, 1973, 1978), this section of organic mitter may in 

time also become available as fine particulate matter to the 

Simulium spp. larvae. It would thus seem that particulate organic 

food matter was always present in sufficiently high concentrations 

to be ignored as a factor Limiting simuliid population size. The 

nutritive value of organic matter may howover vary considerably 

(Carlsson et zl., 1977) and this would then influence simuliid 

population levels in a way apparently unrelated to organic matter 

concentrations. The role of low standing crop, rapid turnover 

periphyton must also be considered and this could contribute 

considerably to the available food .apply for filter feeders 

(Wallace and Merritt, 1980).

Table 2 shows the estimated numbers of diatoms from drifting river 

water at monthly intervals. Â ; water samples were not collected 

over an extended period of time, density estimates of diatoms are 

suspect and should be viewed with caution. A seasonal trend,
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TABLE 2: The estimated total number of diatoms in one litre of

water. Samples collected (at monthly intervals) from 21 

June 1979 to 30 July 1980

Date Number• per litre

21 June 1979 7 629 032

26 July 1979 5 907 258

23 August 1979
2

262 097

20 September 1979 572 581

25 October 1979
2

033 485

22 November 1979 60 071

19 December 1979 37 671

17 January 1980 93 750

21 February 1980 159 091

20 March 1980 229 630

IS April 1980 9 479

26 May 1980 5 618

25 June 1980
(?) 0

30 July 1980 328 947

shewing higher numbers of diatoms in winter and spring than in 

summer, is however apparent. This would then indicate a more 

abundant food supply of diatoms for simuliid larvae during the 

period when their population growth was most pronounced (Figs 5 

and 6).

b)

Temperature as a factor influencing the aquatic simuliid population 

size has two components. Water temperature which has a direct 

effect on the aquatic stages and air temperature which directly 

influences water temperature but furthermore could 'ffect adult 

flight activity and hence egg laying and recruitment rates of the 

aquatic stages.

Although simuliid eggs were found in drift samples throughout the 

year (Fig. 4a) an increase in their numbers from August onwards
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coincided with an increase in water temperatures taken in the late 

afternoon (Appendix 2.7, Table 2.24). It appeared that when water 

temperatures reached 15 °C or higher, an increase in egg laying 

activity could be expected (Fig. 8).

An annual decline in the number of eggs in the drift usually 

occurred in November and December (Fig. 8) when mean maximum weekly 

3ir temperatures reached 30 °C or higher (Appendix 2.7, Table 

2.24). An exception was seen when a single sample collected on 5 

December 1980 contained a very high number of eggs, first instar 

and other small Larvae. Thii increased recruitment did however not 

lead to large increases in simuliid population densities on stones 

in the study rapid in subsequent months (Fig. 5) and remains an 

unresolved anomaly in this study.

An increase of eggs in drift samples was discernible towards the 

end of February a-id early March 1980 (Fig. 8) when aean maximum 

weekly air temperatures had dropped below 30 °C once more (Appendix 

2.7, Table 2,24). It was thus apparent that air temperatures over

30 SC in some way might, have inhibited egg laying activity in 5. 

chutteri.

The low annual rainfall for the Warrenton area (Ch. 2) should also 

be considered and during dry hot months low relative humidities may 

have played a bigger role in restricting adult activity than 

maximum air temperatures.

The effects of temperature on the developmental rates of Simuliidae 

are discussed in Chapter b, and temperature is also considered as a 

contributing factor to simuliid population fluctuations in Chapter 

8 .

c) Wind

The influence of wind on simuliid egg, larval and pupal densities 

is limited to the effect it would have on adult flight and oviposi­

ting activity. Steenkamp (1972) found that at wind velocities 

exceeding 5 m/s no adult Simuiiidae were observed. During windy 

days a decrease in host seeking activity of female S. daimosum s.l.



was also reported by Magor and Rosenberg (1980). In the present 

study it was often observed that flight activity of adult male 5. 

ahutteri mating swarms (Downes, 1969) was reduced or even absent in 

strong winds.

Wind velocity varies considerably within any one day and as it was 

not possible to monitor wind activity continuously, one can only 

speculate on the influence that wind would have on adult ovipositing 

activity and hence population levels of Simuliidae.

Rainfal1

An increase in rainfall would causa a decrease in air temperature 

and an increase in relative humidity. It is thus not surprising 

that a rainfall of 78,6 mm towards the end of February 1980 

coincided with a drop in air temperature and a corresponding 

increase in the number of eggs encountered in the drift (Figs 4a 

and 8, and Appendix 2.7, Table 2.24).

Heavy falls of rain would appear to be a stimulus to ovipositing 

activity in 5 . ehuttari. The occurrence of most of the precipita­

tion between September and April (Appendix 2.7, Table 2.24) should 

however not be overlooked, and it may be that a combination cf 

seasonal factors influenced population increases of Simuliidae.

The direct effects of rainfall are difficult to assess. Rainfall 

undoubtedly influences the run off of allochthonous organic (food) 

matter into the river and the pH of tno river water. Hynes (1972) 

mentioned that seasonal rainfall in the tropics played an important 

role in reducing population densities of invertebrates in rivers. 

In a study discussed by Hynes (van Someren, 1952) the effects of 

temperature changes and seasonal breeding were minimal, and there­

fore reductions in invertebrates could be more dircctly equated 

with increased rainfall which led to spates and fluctuating dis­

charges of water down steep valleys. Chutter (1963) found that 

floods reduced filamentous algal growths aud the fauna associated 

with them in rivers. Hynes (1972) concluded that the two .nost 

important factors leading to reduced faunal numbers during spates 

were abrasion and flow fluctuation.




















