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SUM Y 

In this study, the effects of biological and physical disturbance on algal 

assemblages on cobbles in rainforest streams were investigated. Study sites in 

two rainforest streams, Stony Creek and Booloumba Creek, located in south- 

east Queensland, were used for both a regular sampling program and an 

extensive experimental schedule. 

Previous research has shown that physical disturbance due to spates 

and, in the absence of high discharge events, biological disturbance due to 

invertebrate grazing exert significant structuring and controlling forces on 

periphyton assemblages in streanls. The principal objectives in this study were 

to deternine the relative importance of physical disturbmce in the form of 

spates and desiccation, to outline the significance of biological effects, in 

particular as a ~*esult of grazing pressure, and to describe algal succession on 

substrates cleared after disturbance events. 

Periphyton chlorophyll a, biomass values and grazer numbers were 

monitored over a period of two years in relation to rainfall and stream 

discharge (to pinpoint the incidence of spates). Periphyton assemblages were 

composed 1naii11y of diatonls (Cocconeis and Nm7icula being the dominant 

genera). Physical disturbance by spates was clearly an irnpol-tant factor 

structuring stream algal assemblages. Periphyton chlorophyll a and biomass 

values were I-educed following a high discharge event, but then recovered 

relatively fast in the absence of any other disturbance. Furthermore, 

chlorophyll a values were correlated with grazer numbers. Differences were 

observed in the epilithon of Stony Creek and Booloumba Creek: while cobbles 

in the former supported more chlorophyll a containing material of algal origin 

and less non-algal bion~ass, the reverse was true for latter stream. This was 

most probably due to the physical characteristics of the two stream channels, 

primarily their slope, which was considerably steeper in Stony Creek, thus 



requixing less dej& to facilitate a major disturbance event. This means that the 

physical characteristics of streams are most important determining factors 

regarding the effects of high discharge events, with the disturbance regime 

playing a significant role in the composition of the stream benthos. However, 

some major changes in chlorophyll a and biomass occurred in the absence of 

big disturbances. 

Periphyton on cobbles collected in the streams was subjected to various 

time periods out of the water to determine the effects of desiccation. Diatom 

assemblages on cobbles were not resistant to desiccation and did not recover 

following re-immersion in the streams. Thus, periods of low flow are capable 

of reducing periphyton assemblages, however, this type of disturbance would 

take place over a longer period compared to spates. 

A colonization experiment where polyethylene foils were introduced 

into the streams was used to monitor algal succession on bare substrates. 

Diatoms were the only algae which colonized experimental foils, exhibiting 

distinct successional patterns in both streams. 

A series of grazer manipulation experiments were employed to test for 

any effects of grazing; this involved the inclusion / exclusion of caddisfly 

larvae fkom cobbles enclosed in screened perspex cylinders. Sigmficantly7 the 

effects of grazing invertebrates resulted in an increase in chlorophyll a and 

biomass values, contrary to expectations and the majority of past studies. This 

could mean that grazers at a certain density may actually stimulate algal 

growth and there exists a fine balance between when grazer numbers enhance 

periphyton productivity or periphyton is overgrazed. 

Overall, results abed indicated that variations in stream algal 

assemblages were a consequence of the combined effects of spates, low flows 

and, to a lesser extent, grazing. 
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INTRODUCTION 



DIST ANCE AND NATURAL SYSTEMS 

1.1.1 Deffitions of disturbance 

Disturbance can occur in a wide variety of forms and magnitudes and 

has the capacity to affect organisms living in almost every environment, both 

terrestrial and aquatic. However, only in recent years has the importance of 

disturbance in shaping communities been confirmed (e.g. Sousa, 1984; Pickett 

and White, 1985; Resh et al., 1988). Numerous attempts have been made to 

defjne disturbance and to establish whether the actual "event" is to be 

considered as the disturbance or if in fact it is the response of a community or 

population to the event. Sousa (1984) defined a disturbance as being "a 

discrete, punctuated killing, displacement, or damaging of one or more 

individuals (or colonies) that directly or indirectly creates an opportunity for 

new individuals (or colonies) to become established", thus stating that 

disturbance is the response to a specific event. White and Pickett (1985) on the 

other hand, by considering disturbance to be "any relatively discrete event in 

time that disrupts ecosystem, community, or population structure and changes 

resources, substrate availability, or the physical environment", placed more 

emphasis on the actual event. For visualising the above, one could for example 

look at a situation where a volcanic eruption has occurred: according to the 

first defkition, the responses to the eruption, due in a large part to the 

eradication of the existing vegetation and the restructuring of communities 

through lava and mud flows, would make up the disturbance. This would then 

result in new space being made available for recolonisation (cf. Rushforth et 

al., 1986). However, in ihe case of the latter definition the volcanic eruption 

itself would be considered as the actual disturbance. 

In view of the above, disturbance can perhaps best be regarded as an 

event which is measured in terms of the response of an affected natural 

community. This was also discussed by Poff (1992), who suggested that a 



disturbance in a stream is best interpreted in the form of the actual causal 

event. However, it has to be remembered that while a specific event may 

disturb some elements of a community, at the same time other components 

may only be affected to some extent or even not at dl, thus almost introducing 

a differentiating factor. For example, while disturbance events can affect 

communities of both motile and non-motile organisms (Sousa, 1984), motile 

organisms, in responding to disturbance, have the advantage of being able to 

move to more favourable locations and thus escaping the event. However, non- 

motile organisms would have to bear the full force of a disturbance (and 

because of this it could be argued that they are more likely to adapt to regular 

disturbance). 

Furthermore, taking the definitions mentioned before into account, it 

becomes apparent that disturbance is frequently described in terms of it being 

a specific or distinct event in tine that influences the function and the 

dynamics of an ecosystem: both Sousa (1984) and Poff (1992) -described 

disturbance as a "discrete" event. Yet in addition to punctuating disturbance 

events like flash flooding in a stream or tree-fall in a forest, there are also 

instances where the disturbance event itself can last for extended periods of 

time and thus could be considered as "chronic": Deniseger et al. (1986) 

reported on a stream periphyton community which was affected by heavy 

metals as a result of mining operations over a long period of time and the 

associated changes in the composition of the periphyton to more contaminant- 

tolerant species. Further examples of "chronic" disturbance can include 

prolonged pesticide or effluent releases into streams and some agricultural 

practices (e-g. Resh et al., 1988) and the continuous smothering effects of silt 

deposits on mangrove algal assemblages following surrounding mangrove 

clearing (Mosisch, 1988). All of the above may, in the long term, lead to either 

the adaptation of organisms to the prevailing disturbance regime or the 

replacement of the original population with one that is resistant to, or is able to 



tolerate, the particular disturbance. However, it has to be kept in mind that any 

resistance or ability to tolerate certain disturbances will develop only over a 

long time period, as was stressed by Connell(1978), who discussed the above 

for rainforest and coral reef communities. 

Poff (1992) argued that if a disturbance of more or less similar 

magnitude occurs on a regular (e.g. seasonal) basis in a stream ecosystem, 

organisms may, by way of selective pressures, adapt to these regular or 

predictable occurrences [reports discussing cases where organisms have 

adapted to fkequently encountered disturbance patterns include Schowalter 

(1985) for insects, and Stevenson (1990) for stream diatom communities]. 

However, at the same time Poff (1992) cautioned about concluding that a 

community must be adapted to disturbance just on the basis of it occupying a 

predictable environment. He also noted the difficulty in establishing whether 

or not species have actually adapted to a regular disturbance regime or that 

those species unable to cope with the prevailing conditions have simply 

disappeared from the community due to selective processes. In any case, it 

follows that even if an event is predictable and components of the stream biota 

are killed as a result of this, the event would have to be counted as a 

disturbance (Poff, 1992; cf. also Sousa, 1984, who equated lcilling of 

individuals with disturbance). 

1.1.2 The role of disturbance in natural systems 

Disturbance is known to exert a powerful role in the structure and 

dynamics of many natural systems (e-g. Alverson et al., 1994). For example, 

disturbances &om storms and lightning strikes are important factors in the 

formation of most forest communities. Abbott and Loneragan (1986), in their 

study of the ecology of the West Australian Jarrah forests, reported that over a 

33 year period, 445 disturbances in the form of fires in these Jarrah forests 

were caused by direct lightning strikes. 



S t o m  and associated tree-falls play an important role in structuring 

forests (Alverson e t al., 1994), particularly rainforest communities (Connell, 

1978). If a disturbance event in the form of a severe storm occurs in a mature 

rainforest, it is likely that some trees (especially diseased and senescent ones) 

will be brought down (treefall is most often caused by wind and / or rain: 

Brokaw, 1985). When falling to the forest floor, they invariably will bring 

down other trees, shrubs and branches with them, thus creating gaps in the 

normally closed and dense upper canopy layer. These gaps and the associated 

increase in insolation will, depending on the severity of the disturbance, afford 

an opportunity for recolonization by species from both within that community 

and Erom outside (cf. Alverson et al., 1994). Brokaw (1985) distinguished 

between two types of fast-growing tree species which initially colonize a gap 

once it has been created: "primary species" which exist on the forest floor in a 

suppressed state until a gap occurs, and "pioneer species" which generally are 

spread by animals in the form of seeds and lie dormant in the seed stage until 

the germination process has been triggered by, for example, an increase in 

insolation due to gap formation. Connell (1978), in discussing the impact of 

disturbance in tropical rainforests, stated that species diversity immediately 

following a disturbance event is low due to the briefhess of the available 

colonization period and that, for this reason, frequently disturbed communities 

would be dominated by fast-growing species. Since diversity increases with an 

increase in the time between individual disturbance events, Connell (1978) 

hypothesised that communities subjected to "intermediate scales of 

disturbance" would feature the highest species diversity. Furthermore, he 

stated that since most tropical rainforests are subjected to regular 

perturbations, they are kept in a non-equilibrium state. It thus becomes 

apparent that disturbances are important in maintaining high species diversity 

in rainforests (Cornell, 1978). 



Once a secondztry successional process (as outlined above) has been 

started, it may follow through a number of seral stages. Following severe 

disturbances, some systems may ultimately reach a climax community level, 

for example Mediterranean-type forest communities six years after a 

disturbance caused by fire (Godron et a]., 1981). Other systems may never 

attain a climax level; for example intertidal regions where there is a continual 

recruitment of organisms from outside areas and the community structure 

remains llnpredictable and at non-equilibrium (e.g. Lubchenco, 1978). 

Similarly, disturbance plays a key role in rocky intertidal communities. 

Here, perturbations frequently occur in the form of physical disturbance 

through wave action (e.g. Sousa, 1979; Paine and Levin, 1981) as well as 

biological disturbance effects due to ' g herbivores (e.g. Castenholz, 

196 1 ; Lubchenco, 1978; Underwood, 1980; Underwood and Jernakoff, 198 1). 

One of the most important physical disturbance agents on a rocky shore 

is wave action. Paine and Levin (1981), in their study of intertidal shores, 

examined the effects of wave action on mussels and noted that the shearing 

forces of waves and impact forces of debris carried by them were responsible 

for the creation of "discrete gaps" in mussel beds, which were then open for 

recolonisation. They noted that gaps were most likely to occur in the case of 

senescent or diseased mussels, which were easily dislodged by waves and 

when heavy wave-borne objects (e.g. logs) impacted on the shore. Paine and 

Levin considered this to be a "non-equilibrium system7' due to the constant 

creation of patches available for renewed colonisation. 

Sousa (1979) looked at physical disturbance in the form of boulders on 

a rocky intertidal shore being overturned by waves and the ensuing effects this 

had on algal assemblages. He observed a distinct successional pattern on 

cleared space which related to patch size and distance from the nearest mature 

stand of algae. The pioneer community was made up of species which had 

motile spores and the capacity to grow quickly, for example species of 



Enteromo~hu and UZva. They were later displaced by those species which 

featused less motile spores but were more grazer - and desiccation - resistant. 

In the case of algal assemblages (and for that matter, in other communities as 

well) it has to be kept in mind that, even if some disturbances may remove the 

bulk of individuals, hey  can leave behind some survivors that are only 

damaged and may actually regenerate (Sousa, 1985), resulting in a different 

(perhaps abridged) successional sequence fiom the ones detailed above. This 

is also supported by Frid and Townsend (1989) who noted that, while it is 

fiequently presumed that stream substrates are completely cleared by a 

disturbance, this is not very often the case, with surviving species affecting 

recolonisation. Importantly, Connell (1978) reported that apart fi-om the 

magnitude of a disturbance, its intensity has to be considered as well: a less 

intense event would increase the chance of damaged individuals surviving, 

ultimately leading to an increase in diversity with recolonization from 

surviving members of the original population and new recruits from outside. 

Biological disturbance on rocky intertidal shores occurs fiequently in 

the form of gazing by herbivores (e.g. limpets or snails) on algal turfs. 

Lubchenco (1978), in a study of the &razing effects of the snail Littorina 

littorea on intertidal algal assemblages, noted that algal species diversity can 

be either increased or decreased by the selective grazing actions of herbivores. 

W e  examining grazing patterns on littoral diatom communities, Castenholz 

(1%1) noted increased diatom growth in the absence of grazers (due to both 

seasonal variations and after grazers had been removed by storm activity). 

Underwood and Jernakoff (1981) looked at the feeding mechanisms of two 

species of limpets and how they affected rocky shore intertidal algal 

communities. Results showed that grazers had different effects on algal tutfs 

depending on their method of harvesting: while one species completely 

removed algae and thus prevented rec01onisation of substrates, the other 

grazed only on upper parts of algal thalli which enabled fast regrowth of the 



algae. Underwood and Jernakoff further obsel-ved that, when gazers were 

absent, algae would cdonise areas they were not n o d y  found in, pointing 

to a grazer-mediated distribution pattern. 

Another example of major biological disturbance taken fi-om the marine 

environment is that of the predation of hard corals by fhe crown-of-thorns 

starfish (Acanthaster planci Linnk). Invasions of these starfish have led to 

massive killings of corals and the creation of very large patches (Connell and 

Keough, 1985). Not only is the reef sbucture itself modified as a result of this 

disturbance fiom being dominated by corals to being dominated by algae, but 

consequently also the resident fauna is altered due to the changed food 

resources (Endean, 1982). Recolonisation of a cleared patch by opportunistic 

coral species only starts approximately three to four years after the disturbance 

event; however, recurrent invasions of starfish are very common (Endean, 

1982) and this repeated exogenous disturbance regime will keep the affected 

communities at a non-equilibrium stage. 

In all of the above, patch size is an important factor. Natural 

enviromients are by their vezy iiature patchy and spatially heterogeneous (e.g. 

Hart, 1981; McConnick et al., 1994). Disturbance can be a crucial factor in 

the dynamics of an ecosystein by shaping existing communities into "a mosaic 

of patches" (Sousa, 1985), for example through the creation of patches as 

discussed in the above examples of rdores t ,  intertidal rdcky shore or coral 

reef communities. When patches me created by disturbances in communities 

where organisms are very mobile (e.g. stream and intertidal soft bottom 

communities, as compared to a forest community), they are quickly 

recolonised (Frid and Townsend, 1989). W e  and Pickett (1985) stated that 

the effects of disturbances on a conmiunity are linked to both the biological 

and physical conditions prevailing in a region and that the "heterogeneous and 

patchy effects" produced by disturbances are also frequently conditional upon 

the pre-disturbance state of the system concerned. Furthermore, White and 



Pickett (1985) suggested that, because of this, the definition of a patch will 

always be different fioill one system to another. They also noted that while it 

is clear that disturbances in natural systems do fi-equently result in the creation 

of patches, at tin~es these patches cau be hard to discern due to the variety or 

intennixing of effects that some perturbations produce. 

In most cases where a disturbance event disrupts an ecosystem, the 

comn~unity living therein will be affected directly, but disturbance nlay also 

result in indirect and less immediate e.ffects, for example through the removal 

of an organism fkom the food chain, affecting those at higher trophic levels 

(food supply reduced) and also those at the trophic level immediately below 

(reduced wnsumers feeding on organisms at this level). For example, this has 

been discussed by Paine (1966) in his study of rocky intertidal food web 

relationships. He examined the effects of removing the starfish Pisarter 

ochraceus Brandt on the lower trophic levels and found that the areas 

occupied by barnacles, one of its n~ain prey items, increased significantly 

within three months of starf~sh removal. This initiated a unique successional 

cycle where bivalves replaced the barnacles in the next phase. 

Depending on the seveiity of the disturbance and the complexity and 

structure of the ecosysten~ in wl.lich it occws, a disturbance event can produce 

short-term effects (the resetting process takes place over a number of weeks to 

a few months at most) and long-term effects (the resetting process takes place 

over at least a number of months, if not years) (e.g. Fisher et a]., 1982; Sousa, 

1984; Ferninella and Resh, 1990). As an example of a short-term disturbance 

effect one can look at a ruinor ground frre in a forest conmunity where only 

grasses and small shrubs are affected and subsequently recovery would be 

relatively fast. On the other hand, an intense crown fire in a forest would result 

in long-tern effects, as disturbance in this case would be far more severe and 

would result in major damage to trees as well as the lower vegetation strata 

(cf. Alverson et a!., 1994). Consequently, an extended recovery period would 



follow in the latter case. Other examples of long-term disturbance effects 

include a patch created by treefall (e.g. in a rainforest, see earlier discussion) 

and major flooding affecting a stream community. Thus it becomes clear that 

in addition to the spatial pattem (e.g. patch size), the temporal pattem of an 

event has to be considered as well when examining disturbance. 

2 DIS ANCE IN STREAMS AND RIVERS 

1.2.1 The importance of disturbance in stream ecology 

Stream ecosystems are probably one of the most susceptible of all to 

disturbance. Resh et al. (1988) emphasized the importance of disturbance in 

streams by calling it '"the dominant organizing factor in stream ecology". A 

disturbance event in a stream ecosystem is capable of decreasing the numbers 

of organisms present therein and thus can also have a controlling effect on 

factors such as competition (Ferninella and Resh, 1990). In discussing how to 

recognize disturbance in stream systems, Poff (1992) noted that it might be 

more accurate to ascertain at what flow regime "patch-specific" disturbances 

occur since, while communities on one type of substratum might well be 

affected by a given level of flow, communities on a substratum of different 

structure at the same time may not be affected at all. Thus a perturbation event 

may disturb some components of a stream community, but at the same time 

others may remain more or less unaffected (this can also apply in the case of 

biological disturbance - for example through selective grazing processes). 

In addition to the two definitions already stated earlier, a third 

definition of disturbance, pertaining to stream systems in particular, has been 

proposed by Resh et al. (1988) and is in effect a modification of the definition 

put forward by White and Pickett (1985). Resh et al. defined disturbance in 



streams as "any relatively discrete event in time that is characterized by a 

frequency, intensity, and severity outside a predictable range, and that disrupts 

ecosystem, community, or population structure and changes resources or the 

physical environmenf" Resh et al. further stated that, at the community level, 

disturbances are usually caused by events which cannot be predicted. 

However, Poff (1992) contested this statement and discussed a number of 

viewpoints on why disturbances could be predictable. 

The above means for example that for a given stream system which is 

exposed to a seasonal short period of high precipitation causing flooding each 

year, this period of high discharge should not be considered as a disturbance 

event since it is an integral part of the annual flow regime of that stream 

system. The same would apply to a stream with intermittent flow where the 

flowing creek is condensed to a number of pools on a regular basis. Again, 

according to Resh et al. (1988), this event would be considered a regular 

occurrence in that specific stream system and hence it would not be 

appropriate to count it as a disturbance. 

In both of the two before-mentioned examples, the stream biota could 

have adapted to cope with the changes in flow, i.e. seasonal periods of high 

discharge or drought. The resident epilithic algal community in streams which 

experience any of the above changes in flow could have adapted to cope with 

the specific circumstances. In the case where a stream epilithic algal 

community is subjected to frequent periods of high discharge it would most 

probably consist of species which have the ability to recover quickly after a 

spate or are resistant to disturbance so that a pre-flood community level is 

attained at the fastest possible rate following that perturbation (Stevenson, 

1990; McConnick and Stevenson, 1991a; Robinson et al., 1994). However, 

Robinson and Rushforth (1987) reported that in streams which experienced 

fkequent disturbances, diatom assemblages were kept at early developmental 

stages. 



On the other hand, in streams with intennittent flow, the dominant 

epilithic algal community would be more likely to consist of desiccation- 

resistant species which have the ability to resist and recover fast &er periods 

of prolonged drought. In this regard it has been observed by Resh et al. (1988) 

that the biota of streams with permanent flow are different fiom those of 

ephemeral streams. Ensuing fiom all this, the biota in a stream 'conditioned' 

by seasonal high flow periods would recover faster after an extraordinary spate 

than the biota of a seeam where spates are not normally part of the flow 

regime. The same would apply for stream communities which experience 

periods of drought on a regular basis. Whereas the above conditions may not 

always be considered as disturbance events in streams where they happen on a 

regular basis, i.e. where they are predictable, they will have profound impacts 

as disturbance events on the communities of streams where they do not 

normally occur powever, according to Poff (1992) an event where organisms 

die has to be viewed upon as a disturbance, death inevitably being the most 

"severe" form of disturbance]. 

In recognizing the effects of disturbance on stream environments, the 

different possible flow regimes have to be taken into account: distinct factors 

(both physical and biological) control the stream biota during periods of base 

flow, low discharge due to drought and high discharge (spates) due to periods 

of intense precipitation. In this regard, the general topography of a stream and 

its catchment area have to be considered as well. 

Resh et a/. (1988) suggested that the higher the gradient of a stream, the 

mare severe the impact of a flood event will be. These streams are found in 

mountainous areas and their channel width is usually quite narrow compared 

with streams in level country, ampl&mg the flood magnitude and hence the 

effects on the stream community. Resh el al. further reported that streams in 

lowland areas are affected to a lesser degree by flooding and the stream 

communities may in fact benefit from seasonal floods in this situation. In 



addition to the more level stream bed, this would be due to the increase in 

channel width and the associated low ground onto which excess flood waters 

can escape. 

1.2.2 Actuating forces of disturbance in streams and rivers 

The forces driving disturbance can be classified as being of either 

biological or physical origin. Importantly, Sousa (1984), commenting on a 

number of disturbance agents, noted that biological and physical disturbance 

produced ostensibly the same effects (even though he thought that thing was 

of a more critical importance in biological disturbance). The actuating forces 

of disturbance are quite multifarious (cf. Sousa, 1984; Pickett and White, 

1985). In the case of physical disturbance in freshwater ecosystems (and 

streams systems in particular), they can encompass avalanches (e.g. Resh et 

al., 1988), drought (e-g. Resh et al., 1988), fire (e.g. Robinson et al., 1994), 

flooding (e.g. Stevenson, 1990), fluctuations in dam discharge-(Peterson, 

1986), general effluent releases (e.g. Resh et al., 1988), logging (e.g. 

Hansmann and Phinney, 1973), mining activity (e.g. Deniseger et al., 1986), 

oil pollution (e.g. Singh and Gaur, 1989), sewage discharge (e.g. Jones, 1978) 

and vulcanism (e.g. Rushforth et al., 1986). Biological disturbance, on tbe 

other hand, can include grazing (e.g. McAuliffe, 1984a), predation (e.g. 

Denslow, 1985), species introduction / exclusion (e.g. Power et al., 1992) and 

toxic / chemical leachates (e.g. Resh et al., 1988). 

In addition to the above, agricultural activities will also have to be 

considered as sources of direct or indirect disturbances on stream ecosystems 

(Resh et al., 1988). Examples of this would include phosphate enrichment of 

the water due to fertilizer usage (an example of chemical disturbance), grazing 

by livestock and straightening of watercourses. 

Of all the examples set out here, spates and droughts, as instances of 

physical disturbance, and grazing, as an instance of biological disturbance, can 



probably be considered as being the most universal actuating forces of 

disturbance to algal assemblages in streams. During periods of high discharge, 

spates not only have the ability to drastically reduce stream benthic 

communities (often with catastrophic results), but also play an important role 

in physically altering the stream channel structure and thus the substrates 

available for these communities following the disturbance event (e.g. Siegfried 

and Knight, 1977; Fisher et a],, 1982; Scarsbrook and Townsend, 1993; see 

also Chapter three). 

Disturbance of stream communities as a result of drought can be 

affected in a number of ways. Of particular importance during these times of 

severely reduced flow would be the prolonged emersion of the stream biota 

from the water, leading to the onset of desiccation stress (e.g. Peterson, 

1987~). Furthermore, an overall reduction in nutrient input and ultimately a 

stagnation of isolated pools due to the cessation of stream flow can be 

expected, leading to alterations in the stream comunities (Fisher et al., 

1982). The effects of drought on algal assemblages will be examined in more 

detail in Chapter five. 

However, in the absence of any physical disturbance events, grazing - 
for example by aquatic invertebrates - can exert sigmficant sbuctuning forces 

on stream algal communities. Prolonged grazing may ultimately &ect the 

primary productivity and species composition of the grazed assemblages (e.g. 

McCodck et al., 1994; Power et al., 1988). 



1.3 PREDICTIONS FOR SOUTH-EAST QUEENSLAND 

While the vegetation of south-east Queensland consists mainly of open 

forest which is frequently dominated by members of the genus Eucalyptus, 

there are certain areas featuring above-average d d l  which support 

subtropical rainforest communities on basaltic soils (Stanley and Ross, 1983); 

the Conondale Range (location of this study) being one of these regions. 

Coastal plains featuring a number of momtain ranges (including the 

Conondale Range), up to 600 m high above sea level, prevail in the east, while 

the Great Dividing Range (elevation > 6OOm above sea level) forms the main 

topographical feature in the west (Stanley and Ross, 1983). 

The climate of south-east Queensland can best be described as being 

predominantly mild subtropical, with average temperatures over a year ranging 

fiom approximately 0" C (especially in the mountain ranges) to between 30" - 
35" C. Most rainfall occurs during the summer months of December-to March, 

accompanied by relatively high humidity. During the winter months of July to 

October, rainfall is more isolated, even though up to 30 % of the annual 

rainfall may occur during this period (Stanley and Ross, 1983). On a year-to- 

year basis, rainfall may fluctuate widely, with floods and droughts being a 

fundamental feature of the climatic regime of south-east Queensland (Stanley 

and Ross, 1983). 

From the above it can be seen that the majority of streams in south-east 

Queensland show a significant seasonal variation in flow, including those 

which were selected for study as part of the present work. Since this region is 

subjected to approximately three months of unpredictable precipitation during 

the summer, this results in highly variable stream flow and a regime of high 

disturbance. Under such conditions, we might predict a strong influence of 

physical disturbance fkom spates in the wet season, increasing importance of 

biological disturbance during stable base flows of the dry season, and, in some 



extreme years, the influence of disturbance from drought late in the dry 

season. 

1.4 AIMS 

The principal aim of this research was to determine and attempt to 

explain the relative importance of physical disturbance (in particular flood and 

drought events) and biological disturbance (in particular grazing by aquatic 

insects) on epilithic algal communities within lotic ecosystems situated in a 

subtropical rainforest environment. This was accomplished by means of a 

series of experiments and by employing a regular sampling programme 

involhg the examination of temporal changes in algal chlorophyll a and 

biomass in relation to stream flow regime over a number of years. At the same 

h e ,  invertebrate grazer densities and how they might affect algal standing 

crop were compared to the effects of physical disturbance. An experimental 

regime was employed to ascertain the importance of invertebrate grazing on 

epilithic algal assemblages and to determine the successional changes of algae 

on bare substrates. 

While the main emphasis of this study was concentrated on the above 

disturbance effects and how they affect the stream algal flora, this study also 

set out to determine the specific role of grazing insects in the stream 

ecosystems with regard to their interactions with the algal communities. A 

further aim of this work was to explain the effects of disturbance and any 

salient trends in algal chlorophyll a and biomass values arising from specific 

disturbance events. In relation to this it was hypothesized that spates were the 

major factor shaping stream algal communities during the wet season, whereas 

during the dry season this role was taken over by factors such as herbivory and 



desiccation. The above was investigated by means of the regular sampling and 

monitoring programmes and associated experiments. 

For the purpose of this study it was decided to restrict experimental and 

other investigative work on the effects of disturbance to the microscopic algal 

assemblages found on cobbles. Preliminary field work had shown that algal 

assemblages on cobbles in the streams examined were composed almost 

exclusively of diatoms. Gut content examination of the most prominent 

invertebrate grazers (caddisfly larvae, order Trichoptera) collected in the study 

areas showed that while diatoms seemed to provide their main food source, 

detrital matter was also fouad (this was most probably ingested while scraping 

the diatom layer on boulders and cobbles). Furthermore, Malicky (1994) 

reported that members of the order Trichoptera include filamentous algae as 

part of their diet and scrape the biofilm enveloping the surfaces of cobbles. 

The effects of disturbance on macroalgae were not included in this 

study in detail since a) cobbles in the streams examined supported almost 

exclusively microalgal (diatom) assemblages and b) gut content analysis of 

caddisfly larvae showed that diatoms provided the largest part of their diet. 

In summary, the aims of this study can be stated as follows: 

1. to determine the importance of physical disturbance due to spates and 

desiccation on stream epilithic algal communities. 

2. a) to determine the importance of biological disturbance due to 

invertebrate grazing on stream epilithic algal communities. 

b) to describe any relationships between invertebrate grazers and 

epilithon. 

3. to describe algal succession on bare substrates. 



STUDY AREA 
and 

SUR VEY SITES 



2.1 GENERAL 

This study was conducted in two subtropical rainforest streams located 

in the Conondale Range, approximately 120 km north of Brisbane in south- 

east Queensland, Australia (Fig. 2.1). All sites selected for research purposes 

were situated in State forest reserves, away fiom any agricultural activity and 

relatively well protected from human interference, so that vandalism of 

experiments and disturbance of the stream beds by humans presented no major 

problems. 

The prominent ridge of the Conondale Range forms the watershed for 

two major catchment areas in this region: the Brisbane River catchment to the 

south and the Mary River catchment to the north (Fig. 2.2). A large number of 

streams flow through the subtropical rainforests of the Range - of these, two 

streams, Stony Creek (Fig. 2.3) and Booloumba Creek (Fig. 2.4), were selected 

for study; Stony Creek being located in the Brisbane River catchment and 

Booloumba Creek located approximately 25 kxn to the north in the Mary River 

catchment (Fig. 2.2). Once the streams had been selected, two locations in 

each stream were designated as the experimental and sampling sites 

respectively. The sampling sites in both creeks were used for all monthly and 

other collections and for general observations, while the experimental sites 

were reserved for the running of all field trials. All sites were located in riffle 

sections of the streams. 

Complex notophyll vine forest providing a closed canopy was the 

prevalent vegetation type fringing the streams at both study sites and was also 

present on the slopes of the gukes leading down to the watercourses. The 

dominant families present in these forests were Cunoniaceae, Escalloniaceae, 

Proteaceae, Monimiaceae, Myrtaceae, Meliaceae and Sterculiaceae (Young 

and McDonald, 1987). Open dry sclerophyll forest characterized by 

Eucalyptus spp. and featuring a grassy to sbrubby understorey bordered the 



Fig. 2.1. Map showing the location of study sites in the Conondale Range in relation 
to major stream systems. Inset shows the location of the study area in south-east 
Queensland. 



Fig. 2.2. Map showing the location of study sites in relation to the Mary and Brisbane 
River catchments. 



Fig. 2.3. View of Stony Creek during base flow. 



Fig. 2.4. View of Booloumba Creek during base flow. 



complex notophyU vine forest on the top of ridges and gullies. These open 

forests were vulnerable to bushfire activity during prolonged clry periods. Soils 

in the Conondale Range were generally of basaltic and other basic rock origin. 

The Conondale Range experiences a mean annual rainfall of 

approximately 1500 mm (Young and McDonald, 1987) and a subtropical 

climate. W e  flow in both Stony Creek and Booloumba Creek can be quite 

variable throughout the year, it is dw-ing the summer months of December to 

March that the streams in both catchment areas are subjected to the most 

rainfall, often resulting in extreme discharge events capable of scouring and 

tumbling the stream bed materials. During times of high discharge, both 

streams can carry large volumes of water flowing at high velocity and 

frequently rising over the stream banks (Fig. 2.5). Flood events are ofkn 

disclite, short in duration and tend to be more locrrlized during the s m e r  

period. On the other hand, conditions of base flow tend to prevail in the 

streams of this region during the dry season of July to October and .during this 

period disturbances fi-om high discharge events are relatively rare, with 

streafflow often markedly reduced during longer dry spells. 

2.2 SITE DESCRIPTf ONS 

2.2.1 Site 1 - Stony Creek 

At Stony Creek, the main sampling and experimental sites were located 

in a third order, unnamed tributasy of the creek, which was located at an 

elevation of approximately 200 m above sea level. Having reached the 

foothills of the range, Stony Creek flows into the Stanley River, which empties 

frrst into Sol~ierset Dam and later Wivenhoe Dam to then join the Brisbane 

River (Fig. 2.1). 

The main sampling area along the two km long, unnamed tributary 

cornnienced approximately 300 m upstream from its confluence with Stony 



Fig. 2.5. View of Stony Creek during a high discharge event. 



Creek proper. From that point onwards, tile reach of the tributary used for 

monthly and other samples extended for a length of approximately SO m (Fig. 

2.6A). Over tbis distance the slope of the stream was surveyed to be + 4.0 % 

(a survey of a 565 m long stretch of the tributary, including d l  the survey sites, 

showed that the average slope for that section was also + 4.0 YO). The bank-full 

width of the unnamed tributary at this main sampling area was between 5.2 to 

6.6 m. 

The experimental site was located further upstream fiom the sampling 

area, at appsoximately 550 ni fiom the confluence with Stony Creek (Fig, 

2.6A). At both the main sampling and the experimental areas the stream bed 

consisted d y  of medium-sized cobbles (average surface area 388 cm2, se= 

10, n= lo), larger boulders and also mfkequent sand and gravel patches. The 

cobbles and boulders in Stony Creek were of basaltic origin, the cobbles also 

incorporating xenocrysts. Both the cobbles and boulders supported periphyton 

assemblages in the form of algal turfs and a guild of grazing invertebrates 

consisting mainly of caddisfly larvae: T'imia Mosely (Tasimiidae: 

Trichoptera), Tasiagtrtu Neboiss (Tasimiidae: Trichoptera), Agapetus Curtis 

(Glossosoniatidae: Trichoptera), Helicopsyche Siebold (Helicopsychidae: 

Trichoptera) and S'clerocyphon Blackbm~ (Psphenidae: Coleoptera). During 

times of base flow, several stretches of the unnamed tributary consisted of 

numerous pools linked by narrow riffle areas. The flow of water was reduced 

to a sub-surface trickle through the streani bed material when drought 

conditions prevailed. 

With the slope being + 4.0 % at the sampling area, high discharge 

events associated with aa increase in water depth of 25 to 40 cm were capable 

of scouring and tumbling the stream bed materials, resulting in medium-sized 

cobbles (diameter > 10 cm) being moved along the creek bed. 

The unnamed tributary canied a large amount of leaf litter and woody 

debris shed &om the dense overhanging riparian vegetation, particularly during 
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Fig. 2.6. Stream bed proaes as surveyed for A) Stony Creek and B) 
Boolournba Creek indicating the locations of sampling and experimental 
areas and data loggers. 



the late dry season (winter). Leaf litter accumulated during these times of low 

water flow, in parts covering the entire stream bed. As well, the water carried a 

large proportion of f i e  organic debris and silt, which formed deposits on 

cobbles and boulders during times of reduced flow. After heavy rain and the 

resulting increase in flow, the creek was cleared of the leaf litter and silt 

deposits. 

Even though the vegetation surrounding the stream looked undisturbed, 

selective logging of the forest surrounding the whole of Stony Creek near the 

research sites took place three times in the past. The logging history of the area 

showed that it was first logged for hardwood species in 1955, including both 

sides of the unnamed tributary. In 1972 the forest to the east, and in 1977 the 

forest to the west of the tributary was selectively logged. Remaining evidence 

of thi past logging activity were a number of logging tracks, one running 

parallel to the unnamed tributay high up on the bank, pemitting relatively 

easy access to d ~ e  sites. From observations on the many field excursions to the 

research areas it appeared that this logging track could, at least in parts, have 

been a source of mud/silt runoff iuto the tributary. This was evidenced by a 

number of washouts and ruts iu the track. 

Over the length of the study the average temperature of tlie water in the 

Stony Creek tributay was 17.3 "C (as recorded by submersible electronic data 

logging equipment; refer to section 3.3.1 A for details) d t h  an average pH 

value of 6.8 and an average absolute conductivity of 163 pS cm-1 (all 

measurements in flowing water). The total area of the catchment draining into 

the unnazned tributary was 1.70 km2, with the catchment perimeter extending 

to 6.7 km. Within t h ~ s  catchment area, a total of 30 first order streams and 

eight second order streams joined into the third order unnamed tributary (map 

scale 1:25000). 

These and other major physical characteristics of the Stony Creek 

tributary are summarised in Table 2.1 at the end of this section. 



2.2.2 Site 2 - Booloumba Creek 

In the Mary River catchment, the sampling and experimental sites were 

situated in Booloumba Creek, another one of the numerous subtropical 

rainforest streams. At the location of the study sites, this stream was of a i3lh 

order ranking. After leaving the Conondale Range, Booloumba Creek joins 

Little Yabba Creek and then flows into the Mary River (Fig. 2.1). The 

sampling and experimental sites were located at an elevation of 465 m above 

sea level. As was the case in Stony Creek, the creek bed in the Booloumba 

Creek study area consisted mainly of cobbles with some occasional larger 

boulders, though on average the cobbles tended to be slightly smaller at this 

site (average surface area 318 cm2, se= 8, n= 100). Again, both the cobbles 

and boulders in Booloumba Creek were of basaltic origin, however, when 

cobbles were broken, they were found to be softer and to contain more olivine 

(yellow to green coloured crystals) than those from Stony Creek. In 

Booloumba Creek, too, the cobbles and boulders supported periphyton 

assemblages in the form of algal turfs. As was the case in Stony Creek, grazing 

invertebrates consisted mainly of caddisfly larvae, however at the Booloumba 

Creek sites Helicopsyche (Helicopsychidae: Trichoptera) were found in 

relatively high numbers, with fewer Tasimza (Tasimiidae: Trichoptera) and 

Taszagma (Tasimiidae: Trichoptera) than in Stony Creek. Agapetus 

(Glossosomatidae: Trichoptera) was encountered only infrequently. 

In contrast to the Stony Creek tributary, flow in the stream channel of 

Booloumba Creek never ceased, even during periods of prolonged drought. 

Most likely, this would have been attributable to the larger catchment area 

draining into Booloumba Creek and the overall higher raidhll experienced in 

this region. 

In Booloumba Creek, the sampling and experimental sites were located 

next to each other in relatively shallow and wide riflle sections of the stream, 

commencing at a point 220 m upstream from a concrete culvert and road 



crossing. From that point, the sampling area extended for approximately 130 m 

upstream, with the experimental area adjoining and continuing for another 15 

m (Fig. 2.6B). In general, with a slope of + 0.52 %, the stream bed of the reach 

used for experimental and sampling purposes in Boolournba Creek was not as 

steeply sloped as was that of the area surveyed in Stony Creek (a survey of an 

877 m long stretch of Booloumba Creek, includhg the survey sites, showed 

that the average slope for that section was + 1.1 %). The bank-fidl width of 

Booloumba Creek at the study sites was between 1 1.0 to 15.0 m. 

Due to the width of the creek channel at the sites, the overhanging 

riparian vegetation had a lesser shading effect here than it did at Stony Creek. 

Hence cobbles and boulders in Booloumba Creek at the sampling and 

experimental sites received a higher degree of insolation than those in the 

other stream. The forest surrounding the study area at Booloumba Creek has 

also been selectively logged in the past, with a similar logging history to that 

of Stony Creek over the last 50 years. Overall, the riparian vegetation at the 

Booloumba Creek sites was comparable to that of Stony Creek. As was the 

case in the latter, leaf litter and silt deposits accumulated in the stream channel 

of Booloumba Creek at times of reduced flow. Furthermore, general field 

observations at the sampling and experimental sites revealed that there was a 

higher proportion of fine suspended organic matter carried in the water of 

Booloumba Creek. 

In general, the water in Booloumba Creek tended to be slightly cooler 

than that in Stony Creek. The average temperature of the water in the reach 

used for study and experimental purposes for the duration of the study was 

16.8 "C (as recorded by electronic data logging equipment) with an average 

pH value of 6.9 and an average absolute conductivity of 116 pS cm-1 (all 

measurements in flowing water). The total area of the catchment dmining into 

Booloumba Creek up to the study sites was 10.89 km2, with a catchment 

perimeter of 3 1.5 kin. Within .this catchment area, a total of 165 first order 



streams, 47 second order, nine third order and two fourth order streams joined 

into the main channel, a fifth order stream on which the study sites were 

located (map scale 1 :25000). 

The major physical characteristics of Booloumba Creek at the study 

sites are summarised in Table 2.1. 



TABLE 2.1. Study site descriptive summary for Stony Creek (SC) and Booloumba Creek (BL). Pool 

temperature readings recorded by electronic data loggers PC: 1990 to 1992 inclusive, BL: 1992 to 

May 1993 inclusive). Conchrctivily andpH values are based on readings taken during 1992. AN-&ta 

are expressed as means f SD (except mcu./min. values). Altitude presented as height above sea 

level. Cobble surface areas (S.A.): n = 100. 

Catchment perimeter (km) 
I 



PATTERNS 
OF EPILITHON IN 

RELATION TO FLOW 



3.1 INTRODUCTION 

As has been outlined previously in section 1.2.2, actuating forces of 

disturbance in stream environments, be they of biological or physical origin, 

can be quite diverse. Physical disturbance as a result of extreme discharge 

events is one of the more prevalent forces shaping these environments. It is a 

well-known fact, for example, that spates exert major pressures on stream 

environments and influence the structure of communities existing therein. The 

catastrophic effects of severe flood events on stream communities are detailed 

in a number of studies, for example Bilby (1977), Siemed and Knight (1977), 

Fisher et al. (1982), Power and Stewart (1987), Scrimgeour et a1. (1988), 

Stevenson (1 990), Marmonier and C r e d  des Chitelliers (1 99 I), Mulholland 

et al. (1991), Palmer et al, (1992) and Scarsbrook and Townsend (1993). 

Physical disturbance in the form of high discharge events will 

frequently result in disastrous consequences for stream benthic co-unities, 

in particular the epilithic algal communities when growing attached to cobbles. 

However, in some cases these events may result in organisms attached to one 

type of substratum being severely reduced, while those on different substrates 

may survive relatively unaffected ("patch-specificity" - cf. section 1.2.1; Poff, 

1992). Substrates are liable to be shifted and rearranged by the force of the 

floodwaters and it follows that smaller cobbles are the first to be affected by a 

sudden increase in flow. Likewise, organisms attached to relatively smooth 

substrates would be expected to be reduced before those on substrates of a 

highly irregular structure. The benthic and epilithic communities in streams are 

frequently exposed to a number of these often unpredictable disturbance 

events. But in the case of seasonal (i-e. predictable) changes in flow, 

adaptation of the stream biota to the reoccurring flow regime may occur. 

Bilby (1977), in his study of the effects of a severe flood event on the 

macrophyte vegetation of a stream pool noted that, subsequent to the spate, the 



flow regime in the survey pool was altered sigdicantly due to the creation of 

a gravel bar at its entrance. It is quite clear that spates shift stream bed 

materials and, depending on their magnitude (which has to be above a 

threshold magnitude unique to each stream in order to create a disturbance 

event), spates can rearrange stream flow patterns by changing the location of 

rimes, gravel and sand deposits and pools. Furthermore, spates play a very 

important role as momentous structuri~~g forces of the resident stream flora and 

fauna. In discussing the factors that influence the effects of disturbance in 

streams, Resh et al. (1988) noted that, depending on the prevalent substrate 

(e-g. sand, gravel, bedrock), the effects of disturbance can be of a different 

magnitude not only fiom one area of a stream system to the next, but also 

between short sections of a stream. Consequently, the flood mwtude  (i.e. the 

volume and speed of water passing a set point resulting in shear stress on all 

parts of h e  stream community) required to produce a disturbance event varies 

from one stream system to the other - an increase in flow in one stream can 

result in tumbling of stream bed materials and scouring, while the same 

magnitude flow might not have any detrimental effect on both the flora, fauna 

and physical environment of another stream. This corresponds with the view 

by White and Pickett (1985) that the effects brought about by disturbance are 

patchy and heterogeneous. Backhaus (1%7), in his study of periphyton in the 

Danube, observed a "mosaic distribution7' of periphyton assemblages on the 

streambed with some cobbles devoid of any algae while others were covered. 

However, he offered no explanation for these observations. To M e r  

illustrate "patchiness" in a stream environment on a larger scale, it would be 

easy to picture a stream during a flood where in one stream segment the 

epilithic algal community is severely affected by scouring due to gravel and 

sand being raised fiom a loose substrate, whereas in another section of the 

same stream the algal community might be affected only by the force or 

shearing stress of the flow alone, all due to differences in the substrate (e.g. 



here it might consist of bedrock material and boulders; cf. Grimm and Fisher, 

1989). Another example is provided by zones of different flow regimes 

immediately behind the downstream side of boulders or rocky outcrops where 

algae (and for that matter, other organisms as well) would not be exposed to 

the full force of flow and thus result in the creation of patches distinct fiom the 

surrounding area. 

Blenkinsopp and Lock (1994) have documented that periods of high 

flow may also aEect the composition of the biofih which covers many 

substrates in streams. They observed that bacteria in a biofilm can be 

redistributed by the increased forces of stream flow during spates, which may 

result in an onflowing effect on further diatom colonization on these biofilms. 

Severe spates may cause long-term effects on algal communities 

through the alteration of stream beds by erosion and the relocation of gravel 

bars or if they reduce grazers that utilize algae as a food resource (Power and 

Stewart, 1987). It has been shown that insufficient substrate stability is an 

important factor adding to the drastic reduction in benthic organisms following 

a flood (Sieg£iied and Knight, 1977; Fisher et al., 1982). It can be said that, 

ultimately for any given stream, it is the erosive force of the water which will 

control and mould the structure of its biota and physical attributes by exerting 

shear stress on the individual stream components: firstly, water erosive forces 

determine and shape the stream bed and the available substrates. The 

characteristics of these substrates are then determinants for the composition 

and distribution of the periphyton community as a whole. This, in turn, has the 

capacity to regulate the taxa of invertebrate grazers that are present in the 

stream - they are dependent upon the available food sources, which are 

essentially the micro- and macroalgal assemblages. However, in addition to the 

above, grazers are of course also directly influenced by the velocity of the 

stream flow and by the available substrates (e.g. smoothness of rock surfaces, 

availability of refuges in the form of crevices). 



Not only is community structure linked to shear stress, but so are 

factors such as community respiration and primary productivity. Davies 

(1994), in his study of the ecology of stream ecosystems in Western Australia, 

noted that cobbles carried the most periphyton and that they were the points of 

the highest gross primary productivity, even though they made up only 18 % 

of the stream bed. Furthermore, cobbles were the dominant substrate in stream 

sections where tbe water exerted the highest shear stress. Ail this would 

suggest that sites of increased flow are sites of increased gross primary 

productivity. 

During a severe flood, the stream flora and fauna are often affected 

immediately on a major scale as a direct result of the restructuring of the 

stream flow patterns and resultant physical damage to substrates alone 

(including the scouring or tumbling of cobbles). Power and Stewart (1987) 

observed major changes in both the physical substrates and algal communities 

following a severe flood event in an Oklahoma stream. Only 38 % of the sites 

which were sampled before the spate retained the same dominant substrate 

after the flood waters had subsided. Significantly, they calculated that bare 

substrate areas increased from 12 % before to 59 % after the spate. 

Macroscopic algae were found at 81 % of the sites sampled before compared 

to 26 % of the sites after the flood event had occurred. Fisher et al. (1982), 

examining stream successional processes found that after a spate, invertebrate 

numbers were reduced by 98 % with almost the whole algal community 

destroyed. Similar findings have been noted by Bilby (1977) and Siegfhed and 

Knight (1977). 

At other times, changes in the stream biota can be the result of a 

combination of factors arising from a disturbance event. n e s e  changes might 

become evident more gradually and on a lesser, more localized scale: for 

example the elimination of epilithic algal colonies which provided a major 

food resource for grazing invertebrates due to a build-up of silt deposits 



following less severe flooding and possibly a Iodized change in flow 

dynamics. This, in turn, could bring about a reduction in the number of 

grazers. 

Algal assemblages in particular can be severely affected by the stowing 

and tumbling effects of rocks during flooding. In contrast, mobile grazers in 

the same stream environment may not be affected by tumbling cobbles to such 

degree - if the flood is not too severe they can seek refuge out of the direct 

flow, otherwise whole guilds of invertebrates may be washed downstream by 

the force of the water. One way invertebrates can avoid being carried 

downstream is to move into the hyporheos as stream flow increases (e.g. 

Palmer et al., 1992). However, Palmer et al. (1992) observed that this refuge 

was utilized by only some of the taxti, which was not sufficient to preclude 

significant invertebrate losses during spates [Siemed and Knight (1977) 

noted that numbers of benthic organisms were reduced by more than 85 % 

following a spate]. Furthermore, invertebrates which grm on algae can be 

severely affected after a flood event due to the lack of available food 

resources. 

Hill and Boston (1991) considered streams to be "catastrophic 

ecosystems where floods periodically scour and overturn substrates". Epilithic 

algal communities attached to large boulders or bedrock which are not shifted 

during spates are subject to scouring due to sand, gavel or cobbles being 

carried downstream, often at high velocities (e.g. Bilby, 1977). 

Impact forces of cobbles onto boulders can also be sigtllficant and 

could chip pieces off the boulders. Not only do the obvious physical effects of 

a flood event affect the stream flora and fauna but, especially in the case of 

epilithic algae, after-effects like deposits of silt, mud and sand settling on these 

algal colonies after the floods have subsided can suppress growth of some 

algal species while at the same time enhancing that of others (Power and 

Stewart, 1987). 



Ferninella and Resh (1990) stated that d i d a n c e  reduces the density 

of organisms in streams, while Fisher et al. (1982) reported that after a spate 

the abundance of algal and invertebrate species stayed near pre-flood levels. 

This lends support to the theory that floods reduce the actual numbers of algae 

and invertebrates, but that following a flood event the species composition, 

even at the reduced numbers, may remain more or less the same. 

Power and Stewart (1987) noted that algae in stream environments may 

survive a flood if they are resistant to scouring or grow in protected areas in 

the stream channel. As an example of this they mentioned the blue-green alga 

Oscillatoria Vaucher which at their study sites was found not to be afXctted by 

scouring due to its "nearly endolithic growth habit" and the protective cover 

afforded by filamentous green algae. Furthemore, algal colonies growing in 

such protected areas also tend to play an important role as a source for 

recolonization of bare substrates following a spate. 

Protected areas for algal communities in streams can in'clude the 

downstream side of large boulders, the underneath of rock outcrops and 

crevices in boulders or the bedrock. The closer algae grow attached to the 

substrate, the more resistant they are to the effects of scouring and tumbling 

and the smaller the shearing forces of flood waters acting on them, with 

encrusting algae like Hildenbrandia rivdaris (Liebm.) J. Ag. (Rhodophyta) 

least affected. In contrast, algae with a filamentous growth habit like species of 

the green algal genera CIadophora Kiitzing, Spirogyra Link, SfigeocIonium 

Kiitzing and Rhizoclonium Kiitzing have to be able to withstand the full 

shearing forces and would be most affected in a flood due to the stress acting 

on the larger mass and the relative fraghty of their thalli. As was noted by 

Power and Stewart (1987), algal developmental states can also affect scour 

resistance - in their study, patches of senescent Spirogyra were completely 

razed, whereas more recently established individuals were able to persist. 

Furthermore, members of genera like Cludophora, Spirogyra, Stigeoclonium 



and Rhizocloniurn frequently can be observed to form more or less free- 

floating masses in areas of low stream velocity, thus being especially 

vulnerable during perturbations. Entwisle (1990), in his study of the 

macroalgal communities in the Upper Yarra and Watts River, Australia, also 

noted that, with few exceptions, stream macroalgae tended to be fragde, 

particularly those belonging to the division Chlorophyta. However, at the same 

time he reported that floods with a magnitude of more than twice the normal 

daily flow affected the macroalgal cover only imperceptibly, although he 

conceded that the time interval between the actual disturbance events and his 

sampling days allowed for a recovery of the macroalgal communities he 

investigated. In fhrther discussing the effects of flood events on these algal 

communities, Entwisle (1990) stated that the extent (magnitude) of flood 

events and their fiequency are important determinants of macroalgal 

community composition (cf. also Power and Stewart, 1987). 

Instead of affecting a stream as a whole, floods of different magnitudes 

may each create smaller-scale disturbances at different community levels: for 

example, disturbance of the epilithic algal community on cobbles of a specific 

size which were tumbled during a spate, or disturbance of certain elements of 

the macroscopic filamentous algal community (e-g. removal of senescent 

individuals). In the study by Fisher et al. (1982), spates of 1 m3 s-I were 

sufficient to create a disturbance event which, according to the authors, 

consequently "reset the system and initiated another successional sequence". 

Not only can spates have an immediate effect on stream communities 

but, depending on their magnitude and frequency, they can also cause long- 

term changes, especially so in the case of algal colonies in streams which have 

suffered a flood event. As pointed out by Fisher et al. (1982) and Power and 

Stewart (1987), fiequent floods in any stream can affect the whole process of 

recovery and succession after the disturbance event has passed: the more 

frequently they occur, the more abridged and stunted the succession of the 



algal and other conununities present in the stream will be. Under these 

circumstances the disturbance-free time required for the development of a 

more or less stable community structure is insuflicient. Instead, an opening is 

provided for short-lived opportunistic species which can exploit the situation 

due to their faster growth rates. 

In general, the recovery period of the stream biota after a disturbance 

would be dependent on the magnitude of the disturbance event, with recovery 

to the pre-flood state usually taking fiom between a few months to a whole 

year, especially if intennittent flood events occur throughout this perid 

(Fisher et al., 1982). Power and Stewart (1987) noted that, in stream systems 

which experience fiequent flooding, flood-resistant algal species tended to 

prevail (e.g. attached diatoms, encrusting algae and fast-growing species which 

can recover in a short time between floods). This was also reported by 

Robinson et al. (1994), who examined the effects of bushfires on stream 

diatom communities in Yellowstone National Park. They found that 

disturbance-resistant diatom species tended to dominate at sites experiencing 

an increase in disturbance events as a result of severe fires which had occurred 

up to five years previously (destruction of riparian and catchment vegetation 

giving rise to increased runofl). At the same time they proposed that recovery 

of the riparian vegetation would result in the diatom community gradually 

returning to its pre-disturbance state. 

A spate occuning in a stream environment would leave large substrate 

areas open for recolonization (Bilby, 1977; Ferninella and Resh, 1990). Baby 

(1977) further stated that even after major floods, there still remained a 

residual population of the plant species which were present before the flood 

and which had survived in protected areas, these being the major source of 

species during the process of recolonization. The same principle would also 

apply to a population of algae being disrupted during a spate. As already 

pointed out earlier, Power and Stewart (1987) observed that algae can survive 



major floods if growing in protected pockets of a stream. These remainhg 

algae could then serve as sources during the recolonization process. 

Eventually, as pointed out by Fisher et al. (1982), the communities in all 

streams will recover after a flood evenf however this occurred at a faster rate 

in streams receiving more insolation. With time, if the flood event was not too 

severe (e.g. no major reshaping of the stream bed has occurred), 6 e  

periphyton population would be restored close to its pre-flood species 

composition. 

Generally, a surviving algal community or newly colonizing algae in a 

stream which has just been exposed to a spate would be exposed to a lesser 

degree of grazing pressure by fish or invertebrates than before the disturbance 

since the usually highly mobile herbivores are easily swept downstream with 

the floodwaters. This reduction in grazing pressure would be of benefit during 

the initial re-establishment phase of the periphyton community. 

During a flood event, algal species dispersal mechanisms may be 

affected as well: fragments of algae, especially those featuring a filamentous 

growth habit, can break off the parent plant and be canied for considerable 

distances along the watercourse while a spate is in progress, fially settling in 

new locations further downstream. 



3.2 AIMS 

The primary aim of this chapter was to examine the temporal patterns 

of epilithon (by looking at algal chlorophyll a and biomass values) in relation 

to stream discharge and to determine the importance of physical disturbance 

on epilithon due to spates. Furthermore, it was endeavoured to determine 

whether the temporal patterns of algal communities in two streams located in 

Werent catchment areas showed any similarities in relation to prevailing 

flow. 

3.3 MATERIALS AND METHODS 

33.1 Stream depth, temperature and rainfall 

3.3.1 A Stream depth and temperature data 

To monitor accurately the frequency and magnitude of flood events and 

obtain a detailed record of stream temperature and relative depth, waterproof 

electronic data logging equipment was installed in both Stony and Booloumba 

Creeks (Fig. 3.1). Submersible two-channel pressure and temperature sensors 

and recorders supplied by Dataflow Systems (Wesdata) Pty. Ltd., Western 

Australia, were set up in pools in both creeks and adjusted to record at hourly 

intervals. Depth data were obtained by the data loggers through changes in 

pressure at the sensors. 

Temperature calibration of the loggers was conducted in the laboratory 

by placing the units in a range of temperatures in a water bath (k 0.5 "C), 

while calibration for depth (pressure) was performed in a swimming pool with 

the data loggers lowered into the water to predetermined depths (2 1.0 mm). 

Each unit consisted of a two channel waterproof probe, the recorder 

(which featured an access port for a field data transfer unit) and a 6 m long 



Fig. 3.1. Electronic data logger installed in Booloumba Creek. 



vented coaxial cable used for connecting the two parts in the field (probe in 

the stream, recorder located on the creek bank) so that the logger programs 

could be manipulated in situ and data could be accessed easily at any time 

fiom the recorder on the creek bank by using the field transfer unit 

In both streams the logger assemblies were set up in small pools 

adjoining the upstream b o u n w  of the sampling areas pig. 2.6A, B). In these 

locations the loggers were submerged at aU times. It was not possible to install 

the data loggers in any areas other than pools due to the shallowness of the 

creeks in general. Also, there was an increased chance of the loggers getting 

washed away if installed in a e  areas. 

Therefore, under base flow conditions, depth and temperature data as 

recorded in the designated logger pools was only indicative of these 

paramiters in the surveyed ritne areas fi,uther downstream. Importantly, 

during bank-full flow (like major spates) with water rising above the normal 

pool boundaries, data recorded in the pools would have been more 

representative of the actual depth aud temperature in the rifne areas studied. 

However, both on a daily and seasonal basis, the pool-recorded data was 

useful in recognising a general pattern of Bow-through in the streams. Using 

the pool depth data in conjunction with the rainfall data (see section 3 -3.1 B) 

and the calculated tractive force values (section 3.3.1 C), it was then possible 

to i d e n e  major spates. 

In each creek the same installation procedure was employed: a steel 

post was driven into the substrate of a pool, so that it was located adjacent to 

the stream bank and downstream of a large rocky outcrop or boulder in the 

creek. This ensured that the logger was situated in a position protected as 

much as possible fiom damage due to floating debris during flooding. The 

position of the recorder up on the stream bank was at such a height that it 

would still be accessible during most flood events. Lastly, the recorder was 



protected from possible vandalism by covering it with a heavy duty PVC tube 

featuring an endcap and locked to the steel post. 

The depth of the probe from the sensor opening up to the pool surface, 

its distance from the bottom of ihe pool and the pool temperature were 

measured and noted (this procedure was repeated when the sites were visited 

each month), allowing the recorded data to be checked for accuracy at a later 

point. In order to obtain the actual pool depth, the distance between pool 

bottom and sensor opening would have to be added to the recorded depth data. 

Furthermore, this measurement enabled the logger to be reinstalled at the same 

position should any necessary repairs, servicing or the changing of batteries 

have required its removal fiom the field. 

In general, data were downloaded fkom each logger once or twice a 

month to prevent loss of large data blocks in case of a recorder 

malfunctioning. 

Using the calibration data, the logger files were transformed into real 

temperature and depth values. Recording at hourly intervals was thought to be 

most appropriate since flooding in this stream environment frequently occurs 

quite suddenly and a large number of depth data points would allow an exact 

pinpointing of when a spate started and finished. On the other hand, a gradual 

increase in depth over the course of a number of days would indicate increased 

flow due to prolonged lighter rainfall and runoff in the catchment area which 

eventually could lead to flooding. 

3.3.1 3 Rainfall data 

Raid" was monitored independently on a daily basis at Bellthorpe 

Forestry Station (data supplied by the Bureau of Meteorology, Brisbane, 

Queensland), which was located approximately half-way between the Stony 

and Booloumba Creek sites on the ridge separating both catchment areas (Fig. 



2.2). In conjunction with the logger depth data, raidall data were used to 

pinpoint the occurrence of major flood events in both streams. 

3.3.1 C ca~ald ion  of tractive force 

In order to determine the change in depth which was associated with 

major stream bed movements at the study sites of both streams, the following 

calculation was used to calculate tractive force (Newbury and Gaboury, 1993): 

/ Tractive force (kg m" ) = 1000 x stream depth (m) x slope of stream 

From the above, an approximation of the diameter of particles (in cm) 

moved by the particular tractive force can be obtained (for particles > 1 cm): 

Tractive force (kg mq2 ) = diameter (cm) 

For Stony Creek, it was estimated that a 25 cm increase in depth could 

move stream bed materials with a diameter of 10 cm (which approximated the 

diameter of the majority of cobbles examined in this study), however, a major 

increase in depth of 200 cm would be required to move the same sized stream 

bed materials in Booloumba Creek. While the above depths were required in 

order to disturb the epilithon on cobbles by tumbling, the effects of impacting 

smaller cobbles and pebbles in addition to scouring by sand would be 

important effects at lower discharges. 

3.3.2 Periphyton 

3.3.2 A Field methods and preparation 

Ten cobbles were collected on a monthly basis from January 1990 

through: May 1993 in the Stony Creek tributary. For Booloumba Creek, 

monthly collection of ten cobbles took place fkom March 1992 to May 1993. 



All sampling methods and laboratory procedures described in the following 

sections were identical for each of the cobbles collected &om both Stony and 

Booloumba Creeks. 

Cobbles were always collected at random fiom rifne areas (by throwing 

a metal ruler into the creek and selecting the cobble closest to the "0" marked 

end), however, during the latter part of 1992 this was often not possible in tbe 

Stony Creek tributary due to drought conditions prevailing for extended 

periods. During these times of very low or no flow, cobbles were randomly 

collected fiom a number of small pools which had remained at the foot of the 

former riffle areas. 

Once selected, a rock was then lifted slowly out of the water and 

deposited into a white plastic sorting tray. All invertebrates were picked off 

the cobble and preserved in 70 % alcohol in a numbered jar (for identification 

and enumeration in the laboratory at a later stage; grazer numbers on cobbles 

were then expressed as total nuznbers per 500 cm2 - refer to Chapter six: 

"Grazing effects on epilithon"; no attempt was made to collect highly mobile 

grazers such as Baetis Leach). This done, the cobble was lightly agitated under 

water to dislodge any sediments on it, placed in a plastic bag together with the 

appropriate label and half covered i i ~  creek water. Once d l  rocks were 

processed in this way, they were transported on ice in a dark, insulated 

container, having taken care that the rocks did not rub against each other 

excessively during transit so as to minimize any possible disruption of the 

epilithon. 

On return to the laboratory, the cobbles were processed for both 

chlorophyll a and biomass [chlorophyll a is representative of the algal 

constituent of periphyton samples, while biomass, interpreted as ash-free dry 

weight, reflects both algal and other material, including detrital matter (Biggs 

and Close, 1989)l. The following technique was employed to dislodge 

periphyton fiom cobbles: using a hard, nylon-bristled brush (both Douglas, 



1958, and Dudgeon and Chan, 1992, used s t B  nylon brushes to remove 

epilithic algae fiom rocks), each cobble was scrubbed thoroughly in 200 ml 

distilled water over a wide, shallow plastic container, taking care not to spill 

any of the washings. After finishing each rock, a small amount of the 200 ml 

distilled water (which had been set aside earlier) was used for rinsing the 

brush and rock to ensure that a l l  material still adhering was collected. This was 

then added to the washings. Each rock was relabelled after this procedure and 

put aside for surface area determination at a later date. The washings were 

then funnelled into a 400 ml screw-top measuring flask and shaken vigorously 

(to suspend all sediments and other particles) before immediately decanting 

100 ml into a beaker, thus resulting in two equal 100 ml aliquots. Using 

vacuum filtration through 47 mm Sartorius glass-fibre prefilters (e.g. Jacoby, 

1987; Mulholland et al., 1991) and using a Sartorius 250 ml plastic filter 

assembly (SM 16510), one 100 ml aliquot was filtered for chlorophyll a 

determination. The remaining 100 ml aliquot was filtered for biomass 

determination. Vacuum was applied to each filter paper until it was drawn 

completely dry. Filter papers for chlorophyll a procedures were rolled up with 

the filtered material on the inside. The filter papers which were to be used for 

biomass determination were placed onto individually numbered open petri- 

dishes and these, in turn, were placed into paper bags for protection of the 

samples. 

3.3.2 B Chlorophyll g methods 

Algal standing crop was measured as chlorophyll a and biomass (e-g. 

Lamberti and Resh, 1983; Hill and Knight, 1988). For chlorophyll a 

determination, the spectrophotometric technique described by Parsons et al. 

(1984) was adapted as follows: 10 ml90 % aqueous acetone was added to 10 

ml screw-capped polyethylene centdkge tubes. Using fine forceps, the rolled- 

up filter papers were then placed into the tubes which were numbered 



according to the cobbles. The samples were then left overnight in a refrigerator 

at approximately 4" C for chlorophyll a extraction. 

Before measuring ddorophyll a, each sample was subjected to 

sonification in a water bath for approximately two minutes to rupture cells 

('Branson B-32' ultrasonic bath). Samples were then replaced into the 

reiiigerator for a minimum of half an hour, after which they were centrifuged 

in a Clements GS 150 centrifbge for three minutes at 3000 rpm to settle any 

suspended matter (since turbidity in the extracts will affect chlorophyll a 

readings). Using a Pasteur pipette, supernatant was transferred into optical 

glass cuvettes with a path length of 10 mm ('Lovibond', Tintometer Ltd. 

Wiltshire, England). Using a 'Varian Series 634' spectrophotometer (for the 

last two monthly samples a 'Shimadzu W-1201' spectrophotometer was used 

due to technical problems with the 'Varian'), absorbance readings were taken 

at 665 nm and 750 nm - both before and after acidification with two drops 2M 

HC1. The values were recorded on data sheets for later evaluation. The 

cuvettes were always rinsed with a generous amount of 90 % acetone prior to 

introducing a new sample. This avoided any remnants of the previous acidified 

sample contaminating the new one. 

Commenting on the use of chlorophyll a extraction as an indicator of 

algal growth, Bergey and Resh (1994) noted that this method has several 

advantages over algal cell counts, including it showing "gross changes in algal 

quantity". Spectrophotometric methods for determining chlorophyll a have 

been successfully employed in many earlier studies, e.g. by Dudgeon and 

Chan (1992) who concentrated periphyton scrubbed off unglazed quarry tiles 

onto glass-fibre filters and then extracted chlorophyll a in 90 % acetone (cf. 

also Lamberti and Resh, 1985; Dodds, 1991). Marker et a/. (1986), who 

examined diatom communities in an English chalkstream, noted that 90 % 

acetone extracted the photosynthetic pigments in diatoms efficiently. Again, 

@ass-fibre filters were used to filter and concentrate samples rather than 



membrane filters, since the latter may produce clouding in the samples as they 

react with the hydrochloric acid, as was noted by Parsons et a1. (1984). 

Tett et al. (1975), who looked at the chlorophyll a extraction 

efficiencies of 90 % acetone and boiling methanol, came to the conclusion that 

there were no differences between the two media Furthermore, their research 

indicated that chlorophyll appeared to be less stable in methanol than in 

acetone (cf. also Wetzel and Westlake, 1969). 

Lorenzen (1%7) commented on chlorophyll degradation products and 

how they can be the source of significant errors in spectrophotometry. He 

proposed a method in which the chlorophylls in a given sample are converted 

to phaeopigments (their degdation products) by the addition of acid. After 

having added the acid, absorbance is measured at wavelengths of 665 and 750 

nm. This method was deemed to be suitable, amongst others, for use in 

freshwater environments. 

Whereas in some papers it is stipulated that samples should be left 

overnight to extract (e.g. Parsons et al., 1984), Wetzel and Westlake (1969) 

stated that between 30 and 60 minutes seemed to be sufficient (as used by 

Lorenzen, 1967). They further noted that the mostly low absorbancies of other 

pigments in the extracts, for example chlorophylls b and c, would result in 

negl~gible errors. 

The spectrophotometcic metbods and equations used in this research 

were closely based on those described by Parsons et al. (1984). This included 

the extraction medium (90 % aqueous acetone), extraction time of the samples 

(Parsons et al. recommended letting the samples extract overnight in a 

refrigerated environment, contrary to some texts like Wetzel and Westlake, 

1969, and Lorenzen, 1967) and the wavelengths at which absorbance was 

measured (665 and 750 nm; as in Lorenzen, 1967). One addition to the 

methods described by Parsons et a1. was the immersion of the samples in an 

ultrasonic bath to disrupt algal cells prior to centrifugation. This was employed 



by Wetzel and Westlake (1969), who recommended soniflcation of samples 

prior to analysis in order to disrupt algal cells (which they considered 

especially important for some diatoms). Since the samples obtained in this 

study included a very high proportion of diatoms, this technique was deemed 

to be of use in the current experiments. 

3.3.2 C Chlorophyll g calculation 

To calculate chlorophyll a values, each spectrophotometer reading at 

750 nm was subtracted fiom the corresponding reading at 665 nm (i.e. before 

and after acidification) (Lorenzen, 1967; Parsons et a/., 1984), compensating 

for background turbidity in the samples: 

665,- 750, : giving the corrected reading at 665 nm before acidification 

665, - 750, : giving the corrected reading at 665 nm after acidification 

The equation employed for the calculations of chlorophyll a in this 

research was first devised by Lorenzen (1967) and also applied by Parsons et 

al. (1984). It was modified here to give values in pg per ern2 for each cobble 

sampled: 

26.7(665, - 665,) x V 
Chl a (pg cm-2) = x 2 

SA 

where 

665, = absorbance reading of sample before acidification 

665, = absorbance reading of sample after acidification 

V = volume of acetone extract (in ml; 10.0 ml throughout) 

SA = surface area of cobble in cm2 



Unlike Lorenzen (1967) and Parsons ef al. (1984), the chlorophyll a 

values obtained by this equation had to be multiplied by two for the purpose of 

this study since the initid samples obtained by scrubbing cobbles in the 200 

ml of distilled water were subdivided into two 100 ml aliquots, one for 

chlorophyll a analysis, the other for ash-& dry weight determination. For 

later analysis, the mean was calculated from the ten chlorophyll a values 

obtained each month per stream as outlined above. 

3.3.2 D Biomass methods 

Epilithon biomass was interpreted as ash-free dry weight (AFDW). The 

filter papers which had previously been placed onto the numbered petri-dishes 

were dried, still inside their individual protective paper bags, in a dqmg oven 

at 60" C for 24 hours. Dry weight of the filter papers was established using a 

'Sartorius MOOS' analytical bdance. After weighng, the filter papers were 

placed onto marked ceramic disks on a fwnace tray and ashed in a muf€le 

fwnace at 460" C for three hours. Samples were cooled in a desiccator and 

reweighed using the same balance. Values were recorded on data sheets for 

later evaluation. 

It was decided that the drymg of filter papers at 60° C for 24 hours was 

most suitable, having been employed in several previous studies (e.g. 

Mulholland et al., 1991; Couch and Meyer, 1992; Gelwick and Matthews, 

1992; Suren and Winterbourn, 1992; Rosemond, 1993). Furthermore, the dry 

weight was obtained by drying samples at 60° C rather than 105" C (e-g. 

Jacoby, 1987; Biggs, 1988) in view of the fact that there might have been 

some algae present on the filter papers which could have already cornbusted at 

the higher initial temperature. 

Ashing samples at 460' C for three hours was deemed to be most 

appropriate since in earlier trials it was discovered that higher temperatures in 

the furnace presented a real danger of the glass-fibre filters melting and thus 



rendering the samples unuseable. In past studies, the temperatures and times 

periphyton samples were exposed to in the muffle furnace in order to 

determine ash-free dry weight have varied quite substantially, from ashing at 

440" C for six hours (Biggs, 1988), 450" C for eight hours (Couch and Meyer, 

1992), 500" C for 24 hours (Rosemond, 1993), 550" C for one hour (Wetzel 

and Westlake, 1969; Lamberti and Resh, 1985) to 550' C for 12 hours (Suren 

and Winterbourn, 1992). 

3.3.2 E Biomass calculation 

Biomass values of periphyton were represented as the ash-free dry 

weight for each cobble and calculated by subtracting the ash-free dry weight 

from the dry weight, dividing the resulting value by the surface area of the 

relevit cobble and multiplying by two to compensate for the other 100 ml 

aliquot which was used earlier for chlorophyll a analysis. Final biomass values 

were expressed in mg cm-2. For later analysis, the mean was calculated from 

the ten biomass values obtained each month per stream as outlined above. 

3.3.2 F &@ace areas of cobbles 

After having removed the periphyton for chlorophyll a and biomass 

determination by scrubbing the cobbles as described earlier, their surface area 

needed to be accurately measured in order to obtain values of both the above 

per unit area. To do this, several methods were considered, including carefully 

wrapping each cobble in plastic food wrap of known weight per unit area, 

closely trimming off the excess and then weightng the piece of plastic (Doeg 

and Lake, 1981), or using aluminium foil for the same purpose. Doeg and Lake 

reported less than 5 % error when checking the plastic food wrap method on 

geometric shapes; it was anticipated that substituting aluminium foil for plastic 

wrap would deliver much the same error margin. After a number of trials in 

which cobbles were wrapped in both types of material, it was decided that the 



method employing duminium foil would be the most suitable for the purpose 

of this study, and that it would deliver similar degrees of accurateness as 

reported by Doeg and Lake (1981) for plastic food wrap. Aluminium foil in 

this kind of application also has a proven track record - several authors have 

used the aluminium foil method successfufly in determining the surface areas 

of cobbles, including Lamberti and Resh (1985), Gelwick and Matthews 

(1 992) and Scarsbrook and Townsend (1993). 

Compared with plastic food wrap, alumhim foil did not not stretch if 

moulded tightly over a cobble. As well, some problems were encountered with 

trimming off the excess plastic close to the surface of a cobble. Furthermore, 

and most importantly, it was found that the plastic food wrap did not conform 

as closely to a very uneven rock surface as did the aluminium foil. Doeg and 

Lake (1981) commented on the fact that incorrect creases in aluminium foil 

were impossible to smooth out, however in general, this was found not to be a 

problem in this study. 

The aluminium foil used for the wrapping of cobbles was manufactured 

by "Alcan" (Alcan catering foil), 44 cm wide and supplied as 150 m lengths on 

rolls. Firstly, twenty squares of known area were cut fiom the foil and weighed 

(using a 'Sartorius A200S7 analytical balance) to obtain a range of foil weights 

per unit area. The "weight" against "area7' data points were plotted as a linear 

graph which was then used to obtain the surface area in cm2 of each cobble 

processed. After the cobbles were processed for periphyton as described 

earlier, they were left for a few days so that their surface was dry when they 

were wrapped (as water might have adhered to the foil and affected the foil 

weights). Each cobble was covered tightly in foil, taking care not to crease the 

foil unnecessarily. Utmost care was taken to ensure that the foil conformed to 

cracks and depressions on the cobbles with any creases being smoothed out. 

The overlapping folds were trimmed off and the foil folded several times to 

make sure it did not tear during handling. Foil weights for each cobble were 



determined using a 'Sartorius A200S' analytical balance and recorded on data 

sheets, to be later converted into the corresponding surface areas. 

3.3.3 Analysis of data 

Ail data sets of mean monthly chlorophyll a values and biomass values, 

as well as totid daily &all, average daily logger pool depth and temperature 

were plotted against a Julian day time scale to determine any relevant temporal 

trends and possible correlations. The occurrences of major spates as indicated 

on the graphs were ascertained by taking into account results of tractive force 

calculations, pod depth and daily rainfall data as a whole. 

Correlation analyses were employed on the data fiom each of the two 

streams to explore the strengths of any associations which may have existed 

between chlorophyll a and monthly midall as well as biomass values and 

monthly rainfall. 

Further exploratory correlation analyses were performed on the 

following variables for both Stony Creek and Booloumba Creek data: 

chlorophyll a and biomass on cobbles were examined for any possible 

relationships with the average logger pool depth as recorded on the day of the 

monthly epilithon sampling and also with the average pool depth of the two 

weeks preceding each of the monthly sampling dates (to check for any delayed 

or "lagT7 effects of high discharge events which may have occurred prior to 

epilithon sampling). 

Furthermore, a correlation analysis was pedomed on chlorophyll a 

values versus biomass values obtained in each of the two streams. 

In all of the above cases it was most appropriate to employ Pearson 

Product-Moment correlation analysis as the statistical tool and for obtaining 

the product-moment coefficient, for this is suitable for investigations where it 

is not possible to control the variables (e.g. field observations), and errors in 

botb the X and Y variables are inevitable (e-g. Sokal and R o w  1981; Sanders 



et al., 1985). Initially a Model I regression analysis was considered, however 

this was rejected since this does not allow for errors. 

By examining the results of the above analyses, it was then also 

possible to determine if there were any significant differences in the results of 

correlations between the data obtained in the Stony and Booloumba Creek 

catchments. 

Scatter diagrams were employed to further illustrate any possible 

existing relationships between the X and Y variables. Temporal changes in 

chlorophyll a and biomass in relation to the time since the last spate were also 

examined using scatter diagrams and by presenting the data in the form of 

separate year series. 

Where necessary, Y-variates used in these analyses were log- 

transfomed to control the variance and scatter. All variates were adjusted to 

avoid negative log values (Sokal and Row, 1981). 

3.4 RESULTS 

3.4.1 Rainfall and logger-recorded depth data 

The overall rainfall pattern for the study region is illustrated in Figure 

3.2, which shows the mean monthly rainfall recorded at Bellthorpe Forestry 

Station from January 1990 to May 1993, the time period during which all 

experimental work and sampling took place. Total daily ra idal l  for the 

duration of the study is shown in Figure 3.3. From both of these graphs, the 

yearly precipitation regime for the Conondale Range becomes apparent, with 

the winter months of July to October consistently experiencing the least 

rainfall (with conditions of base flow predominating during this period) and 
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Fig. 3.2. Mean monthly rainfall recorded at the Bellthorpe rain gauge from January 1990 to May 
1993. The highest mean monthly rainfall occurred in December 1991 (103.4 mm, for clarity not 
shown in 111). 





most &all occurring during the summer. It has to be noted here that due to 

its location on the north-eastern side of the range watershed, the Booloumba 

Creek catchment in general tended to be subject to higher rainfall than the 

Stony Creek catchment. 

Overall precipitation pattern for the first two and a half years of the 

study were more or less similar. However, from Figures 3.2 and 3.3 it becomes 

apparent that the period fiom the latter quarter of P992 until the end of the 

study in May 1993 was subjected to an exceptional lack of precipitation with 

the result that during the six months fiom December 1992 to May 1993 

drought conditions were experienced throughout the whole of the Conondale 

Range (and south-east Queensland in general). This is highlighted clearly in 

Figure 3.3, where the typical precipitation peaks of December to March 

experienced in other years were absent during 1992 / 1993. Compared to the 

previous two years, the low total annual rainfall figures for 1992 and 1993 

further reflect this drought period (Table 3.1). 

The occurrences of major spates throughout the period of the field 

survey (determined by taking into account logger pool depth, rainfall and the 

calculated tractive force; refer to sections 3.3.1A, B, and C) are presented in 

Table 3.1. A total of 1 1 high discharge events were recorded in Stony Creek 

during the survey period in that stream (1990 to 1993), while in Booloumba 

Creek three spates occurred during the period monitored (1992 to 1993). 

Spates were more prevalent during the first two years of the study (Table 3.1). 

Average daily depth data for the logger pool in Stony Creek and 

Booloumba Creek are smar i s ed  in Figure 3.4. These were calculated from 

data collected using the electronic data loggers. Gaps in the graphs are due to 

technical problems which were encountered with the data loggers in both of 

the streams. However, the times when the majority of spates did occur were 

covered by the loggers. 
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Fig. 3.4. Average daily depth of pool containing the electronic data logging 
equipment in: A) Stony Creek during 1990 / 1991 and B) 1992, C) 
Booloumba Creek during 1992 / 1993 (as recorded by the loggers; gaps in 
data due to malfunction of same). Arrows indicate spates. 



TABLE 3.1. Annual rainfall recorded at BeZIthorpe and the total number of spates in the 

streams surveyed. * - rainfall data recorded until the end of May 1993. f - where cobbles 

of 10 cm diameter moved. SC = Stony Creek, BL = &rolownba Creek 

Sigdicantly, throughout the study, peaks in the daily rainfall data 

recorded at Bellthorpe (Fig. 3.3) and peaks in the graphs of the pool depth data 

recorded in both of the streams (Fig. 3.4) coincided in most instances. During 

the first two years of the study in particular, the graphs also showed seasonal 

variability in pool depth (which relates to stream flow and spate occurrence), 

with increased precipitation and depth (increased stream flow) during the 

summer months and reduced precipitation and a decrease in depth (reduced 

stream flow) during winter. However, the daily rainfall amount recorded did 

not always reflect the magnitude of the conesponding pool depth recorded in 

the streams. For example, by looking at the pool depth data at the beginning of 

February 1991 and the subsequent spate in Stony Creek (Fig. 3.4A) and 

comparing these with the associated daily rainfall (Fig. 3.3), it becomes 

apparent that the rainfall on day 37 with over 100 mm did not produce a major 

increase in the pool depth. Going back to early 1990, rainfall of a similar daily 

amount produced sigdicantly higher peaks in pool depth. For an explanation 

of the above one would have to take into account whether a period of little or 

no rain preceded a major precipitation event - if this was the case, most of the 

rain which fell in the catchment area would have been taken up by the soil and 



not continued on as runoff into the stream. Runoff would only occur once 'the 

soil layers have reached a certain saturation level (e-g. fkom extended rain 

periods as was the case early in 1990). From the above it could then be said 

that generally, a rainfall event after a longer period of rain absence would have 

less of an immediate effect on stream flow than a midiill event of the same 

magnitude shortly after a period of continuing rainfall. 

In Stony Creek, the flow pattern of first half of 1990 was shaped by a 

period of high continual raidall, with the result of five high discharge events 

occuning. While thee of these can be pinpointed in the logger depth graph 

(Fig. 3.4A), the two earliest spates occurred before the commencement of 

depth recording. This period featured the most variable flow pattern and the 

highest number of spates during the whole of the study. The wet season of 

1990 / 1991 was characterised by fewer high discharge events and thus more 

stable pool depth and stream flow: only two spates occurred during this period, 

with another singular high discharge event not until June of 1991. During the 

dry season from mid-July until mid-October 1991 pool depth in Stony Creek 

decreased considerably. Another spate occurred in the middle of December, 

the result of the highest daily rainfall recorded during the entire study (400 

mm, Fig. 3.3). Unfortunately, the data logger was not recording during this 

time, however, this high precipitation event would explain the increased pool 

depth once the logger was reinstated in January 1992 (Fig. 3.4B). Two more 

disturbance events in Stony Creek occurred in February and March of that 

year. With very little rainfall recorded from the end of May 1992 until the end 

of May 1993 (Fig. 3.3), the depth of the logger pool in Stony Creek decreased 

gradually (Fig. 3.4B). The logger in Stony Creek failed after this, however 

with the wet season of 1992 / 1993 not transpiring, reliance on field 

observations was sufficient to state that logger pool depth was at an extreme 

low and stream flow had ceased. 



Booloumba Creek logger pool depth values recorded fiom 1992 until 

the end of the study are depicted in Figure 3.4C. One spate occurred at the end 

of Februasy, 1992, but was not recorded by the logger. However, two major 

spates were recorded in Booloumba Creek in January and February of 1993, as 

shown by the distinct peaks in logger pool depth (Fig. 3.4C). These occurred 

in the absence of any comparable increase in flow in Stony Creek. Further 

evidence that the spate in February affected only Booloumba Creek was 

provided by the destruction of perspex cylinders used in an experiment in that 

stream, while cylinders left in Stony Creek at the same time were not aected 

at all (see Chapter six). In the case of the streams researched, the above 

provided evidence that at least some raidall events could lead to flooding in 

one catchment area, while at the same time not having a signtficant effect on 

stream flow in the catchment area on the other side of the watershed. 

Particularly in Stony Creek, it was found that aRer major flood events 

the creek bed was often reshaped with cobbles tumbled and rearranged due to 

the immense forces of the water during these spates. After one particularly 

severe flood event at the beginning of the study (prior to the installation of 

data loggers) debris were found suspended in the riparian vegetation up to 

three metres above the stream bank. 

Field observations revealed that during the period fkom December 1992 

to May 1993, both Stony Creek and Booloumba Creek were carrying reduced 

flow. This was especially the case in Stony Creek where for several months 

from late 1992 to mid 1993 the surface flow ceased due to the lack of any 

sigtllficant rainfall. The result of this was the formation of a series of delimited 

pools which were connected by only a trickle of water or by sub-surface flow 

through the sand and gravel under the rocky stream bed. 

In Booloumba Creek, flow rates in the reach studied were also reduced 

during the periods of diminished minfitll, but not to such an extent that isolated 

pools were formed as was the case in Stony Creek under these conditions. 



3.4.2 Logger-recorded temperature data 

Average dady logger pool temperature data for Stony Creek and 

Booloumba Creek are presented in Figure 3.5. Similar technical problems with 

the data loggers as mentioned in the previous section resulted also in the loss 

of some pool temperature data, however, as can be seen fiom the above 

Figures, logger data were obtained during most of the major disturbance 

events. 

In general, stream temperature data for both streams showed a seasonal 

trend, with lower average water temperatures during the winter months 

(between 8" to 10" C) and higher average water temperatures during the 

summer months (between 20" to 26" C). 

If comparing the logger pool temperature graphs of both streams with 

the graph of the average daily d a l l  (Fig. 3.3), it becomes quite apparent that 

in most instances a rainfall event with a related increase in pool depth was 

immediately followed by a short-term drop in the average temperature of the 

logger pools. These drops in temperatwe were especially pronounced after 

longer periods of rainfall or major disturbance events, however, even smaller 

increases in depth led to decreases in temperature. Generally, maximum water 

temperatures in Booloumba Creek were slightly lower than those in Stony 

Creek (Table 2.1, Fig. 3.5). 

It is also interesting to note that during the period from mid-September 

to the end of November 1992 the average daily temperature recordings of both 

streams produced virtually identical graphs (Fig. 3.5B, C). 

3.4.3 Chlorophyll a and biomass data 

3.4.3 A Chlorophyll 

Temporal changes in chlorophyll a of epilithon on cobbles for the 

period fiom 1990 to May 1993 are summarised for both streams in Figure 3.6. 

Compared to Stony Creek, the chlorophyll a values obtained from epilithon on 
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Fig. 3.5. Average daily temperature of pool containing the electronic data 
logging equipment in: A) Stony Creek during 1990 1 1991 and B) 1992, C) 
Booloumba Creek during 1992 / 1993 (as recorded by the loggers; gaps in 
data due to malfunction of same). Arrows indicate spates. 



cobbles in Boolownba Creek were siguficautly lower (ANOVA, df = 27, F = 

24.163, P = 0.00004, at a = 0.05; Fig. 3.6) with highest values only around 

0.05 pg crn-2. From the graphs showing the chlorophyll a data (Fig. 3.6) it can 

be seen that generally in both Stony and Boolournba Creeks this parameter 

was at low levels during times of hgh discharge - primarily during the summer 

months, while the highest values prevailed during the dry season, in the 

absence of high discharge events (with the exception of the 1993 data, where 

values were depressed due to prolonged drought conditions). 

The above seasonal pattern can be distinguished in particular in the 

chlorophyll a data of epilithon coHected in Stony Creek. In Stony Creek, 

chlorophyll a and biomass values increased slowly during the winter months 

of 1990 after disturbance from earlier high discharge events. Peaks in 

chlorophyU a in 1991 and 1992 occurred in the same months (April and 

August; Fig. 3.6A, B). The two peak values of 1991 were the highest 

chlorophyll a values obtained during the entire study, in the absence of any 

major disturbance events. In 1990, a period of elevated chlorophyll a values 

was also distinguishable but occurred at a later time compared to the following 

years, in all probability due to the prolonged heavy rainfalls and associated 

high discharge events which persisted until June of that year. During the latter 

part of 1992 and up until the end of the study in May 1993, chlorophyll a 

levels were affected by drought and stayed relatively low compared to the 

previous two years (Fig. 3.6B), coinciding with the period of extremely 

reduced rainfall and the lack of the summer wet season (Fig. 3.3). 

Chlorophyll a trends of cobble epilithon in Booloumba Creek for 1992 

and 1993 (Fig. 3.6C) were very similar to those in Stony Creek for the same 

time period, with raised values in April and mid-September of 1992, followed 

by a decline in the same. However, rather than being solely a result of drought 

effects, the chlorophyll a values in Booloumba Creek in 1993 were most 
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Fig. 3.6. Mean chlorophyll a values for epilithon in: A) Stony Creek during 
1990 1 1991 and B) 1992 / 1993, C) Booloumba Creek during 1992 / 
1993 (+/- 1 standard deviation, n=lO). Arrows indicate spates. Note 
differences in scale of Y-axis between the two streams. 



likely attributable to the c '~h-f lood" events in January and Februaxy (flow 

never ceased in this stream). 

3.4.3 B Biomass 

Temporal changes in biomass of epilithon on cobbles for the period 

$om 1990 to May I993 are summarised for both streams in Figure 3.7. In 

contrast to chlorophyll a values, epilithic biomass values in Booloumba Creek 

were generally higher than those recorded in Stony Creek (ANOVA, df = 27, F 

= 8.906, P = 0.0061, at a = 0.05; Fig. 3.7). As was the case for chlorophyll a, 

the graphs depicting biomass data (Fig. 3.7) indicate that generally in both 

Stony and Booloumba Creeks this parameter was at low levels during times of 

high discharge (i.e. the summer months), with highest values prevailing during 

the dry season, in the absence of high discharge events (with the exception of 

the 1993 data, where values were depressed due to prolonged drought 

conditions). 

Looking at the biomass of epilithon in Stony Creek (Fig. 3.7A, B), the 

seasonal pattern discussed above again becomes evident in that in each year of 

the study the highest biomass values were recorded from August to November 

(&om the middle to the end of the dry season). Overall, the highest biomass 

values were obtained during 199 1 (Fig. 3.7A), with peaks in April and August 

corresponding directiy with the two peaks in chlorophyll a, and also high 

values in October / November which were not analogous to the corresponding 

chlorophyll a values (Fig. 3.6A). As was the case with the chlorophyll a peaks, 

the peaks in biomass occurred during the absence of any sigmficant 

disturbance. Biomass during 1992 and 1993 (Fig. 3.7B) showed a similar trend 

to the increases and decreases in chlorophyll a for the same years (Fig. 3.6B), 

with lowest values obtained during the drought-affected first five months of 

1993. 
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Fig. 3.7. Mean biomass values (AFDW) for epilithon in: A) Stony Creek 
during 1990 / 1991 and B) 1992 / 1993, C) Booloumba Creek during 
1992 / 1993 (+/- 1 standard deviation, n=10). Arrows indicate spates. 
Note differences in scaIe of Y-axis between the two streams. 



Unlike Stony Creek, epilithon biomass values in Booloumba Creek 

(Fig. 3.7C) did not show a similar pattern to the conespondhg chlorophyll a 

values (Fig. 3.6). This was evidenced in particular during the period from June 

to August 1992, which featured increased biomass levels but relatively low 

(and stable) chlorophyll a levels. The highest biomass value for Booloumba 

Creek was recorded in August 1992, in correspondence with the second 

highest biomass value recorded in Stony Creek for the same year. Again, as 

was the case in Stony Creek, the lowest biomass values were recorded at the 

end of the study, from January until May 1993, but as mentioned in the 

previous section, rather than being due to the effects of reduced flow, these 

low biomass values in Booloumba Creek were most likely attributable to the 

two spates in January and February. 

3.4.4 Correlation analyses 

Results of aU correlation analyses performed as detailed earlier (section 

3.3.3) are stmmarised in Table 3.2 below. 

Sigmficant positive correlations were shown in four cases: in Stony 

Creek between the chlorophyll a and biomass values of epilithon on cobbles, 

and in Booloumba Creek between epilithon biomass values and logger pool 

depth, chlorophyll a and logger pool depth over two weeks prior to the 

sampling date and biomass and pool depth also over a two week period 

preceding the sampling date (Table 3.2). 

Marginally non-sigruficant associations were indicated between 

biomass and monthly midall figures in Stony Creek (only 9 % variation 

explained), and in Booloumba Creek between chlorophyll a and biomass, as 

well as chlorophyll a and logger pool depth (Table 3.2). 

The results of the remaining correlation analyses as shown in Table 3.2 

indicated that there were no significant associations between the variables 

examined, as shown by the low values of the iZ statistics and the high P- 



TABLE 3.2. Summary of correlation analysis results (# Stony Creek; * Booloumba Creek; " -2" 

depth data recorded over a two week period preceding epilithon sampIing; biomass / chlorophyll g 

data log-h.anformed; cz = 0.05). 

Biomass and pool depth # 

Biomass and pool depth * 

Chlorophyll a and pool depth (-2) # 

Chlorophyll a and pool depth (-2) * 

Biomass and pool depth (-2) # 

, Biomass and pool depth (-2) * 

-0.111 

M.624 

M.099 

M.718 

-0.058 

+0.749 

0.0123 

0.3902 

0.0098 

0.5 162 

0.0034 

0.5623 

0.313 

7.041 

0.2 18 

1 1.737 

0.072 

14.133 

26 

12 

23 

12 

22 

12 

0.58 

0.021 

0.644 

0.005 

0.789 

0.002 



values, and therefore the hypothesis that there were no relationships between 

these variables had to be accepted. 

When looking at the scatter diagrams of chlorophyll a and biomass 

values versus monthly rainfall (Fig. 3.8), it becomes clear that these indicate a 

non-linear rather than a linear relationship between the variables. These plots 

show that in the two streams both lo* and high values of these two parameters 

were associated with times of low rainfall. Low chlorophyll a and biomass 

values were not associated with times of high r~~ (increased stream flow). 

Scatter plots of chlorophyll a and biomass with the average logger pool 

depth on sampling (Fig. 3.9) and the depth over the two weeks prior to 

sampling flag" effect, Fig. 3.10) indicate the absence of significant 

correlations in the Stony Creek data, however in the case of Boolownba Creek, 

it is shown in both instances that increases in chlorophyll a and biomass were 

correlated with increases in pool depth (which is related to stream flow). 

Figure 3.11 shows the relationship between chlorophyll a and biomass 

values in each of the two streanis. While a significant positive linear 

correlation between the variables was shown in Stony Creek (very distinct 

when looking at the yearly data series), this was was not the case in 

Booloumba Creek. 

Scatter diagrams showing the correlation of chlorophyll a and biomass 

values with time since the last spate are presented in ~ i ~ u r e s  3.12 (Stony 

Creek) and 3.13 (Booloumba Creek). In the case of Stony Creek chlorophyll a, 

the lowest value was recorded immediately following a spate (Fig. 3.12A). If 

looking at the data as a whole (and also separated into the individual yearly 

data series), it becomes clear that chlorophyll a values increased with time 

since the occurrence of the last spate until approximately 50 days post-spate, 

when values began to decrease. Furthermore, the peak in both chlorophyll a 

and biomass appeared to be between 50 to 100 days since the last spate (Fig. 
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Fig. 3.8. Scatter diagrams of A) & B) chlorophyll a and C) & D) biomass 
(log-transformed data) with monthly rainfa11 (recorded at BeUthorpe) in 
Stony Creek (SC) and Booloumba Creek (BL). 
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Fig. 3.9. Scatter diagrams of A) & B) chlorophyll a and C) & D) biomass 
(log-transformed data) with logger pool depth in Stony Creek (SC) and 
Boolournba Creek (BL). 
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Fig. 3.10. Scatter diagrams of A) & B) chlorophyll a and C) & D) biomass 
(log-transformed data) with logger pool depth recorded over a two week 
period prior to epilithon sampling in Stony Creek (SC) and Booloumba 
Creek (BL). 
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Fig. 3.1 1. Scatter diagrams of chlorophlt a versus biomass (both log-transformed 
data) in A) Stony Creek and B) Booloumba Creek, indicating year series of 
data. 
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Fig. 3.12. Scatter diagrams indicating year-specific changes in A) mean 
chlorophyll a values (log-transformed data) and B) mean biomass values 
in relation to days since the occurrence of the last spate (to a maximum of 
280 days post-spate) in Stony Creek. 
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Fig. 3.13. Scatter diagrams indicating year-specific changes in A) mean 
chlorophyll a values and B) mean biomass values in relation to days since 
the occurrence of the last spate (to a maximum of 300 days post-spate) in 
Booloumba Creek. 



3.12). No distinct trends in relation to days post-spate were shown in the plots 

of biomass in Stony Creek (Fig. 3.12B), even though biomass and chlorophyll 

a values were highly correlated in this stream, and chlorophyll a in 

Booloumba Creek (Fig. 3.13A). However, biomass values in the latter stream 

exhibited a comparable trend to that shown by chlorophyll a in Stony Creek 

(Fig. 3.13B). 

3.5 DISCUSSION 

By looking at the epilithon data obtained in Stony and Booloumba 

Creeks as a whole, comparable temporal patterns of chlorophyll a and biomass 

values were exhibited in both streams during the period when simultaneous 

monitoring took place. When comparing the graphs of chlorophyll a and 

biomass on cobbles for the two streams during March 1992 until May 1993 

(Figs. 3.6, 3.71, these temporal trends are quite evident, however the different 

magnitudes / scales of values have to be noted, as will be discussed below. 

This indicates that the epilithon assemblages on cobbles in both streams, even 

though located in different catchment areas, showed comparable responses to 

seasonal changes and physical disturbance events. 

While general trends were similar, there were inter-stream differences 

between Booloumba and Stony Creeks in the magnitude of mean chlorophyll a 

and biomass vdues. These were distinguishable throughout the length of the 

study when sampling periods in both streams overlapped: while chlorophyll a 

values were generally higher in Stony Creek, biomass values were consistently 

higher in Booloumba Creek (Figs. 3.6,3.7). These results indicate that cobbles 

in Stony Creek tended to support more algal material [chlorophyll a 

representing the algal constituent of periphyton samples (Biggs and Close, 

1989)], whereas in Booloumba Creek, a much more substantial detrital layer 



and a higher proportion of organic matter of non-algal origin accumulated on 

cobbles [ash-free dry weight - or biomass - being representative of both algal 

and other material, including detritus (Biggs and Close, 1989)l. The above was 

supported by general field observations throughout the length of the study. 

Through observations in Booloumba Creek it was further noted that cobbles in 

that stream frequently supported colonies of sponges, while these were at no 

time recorded in Stony Creek. Additionally, (mostly empty) polyp-like 

chironomid tubes (Genus Rheotanytarsus), constructed of silt and sand 

particles, were encountered in large numbers on cobbles in the former stream. 

Figure 3.1 1 further illustrates the relationship between chlorophyll a 

and biomass values in each stream. Whereas a strong linear relationship 

(chlorophyll a increases with biomass) between the two parameters was shown 

in Stony Creek (cf. Table 3.2), this was not case in Booloumba Creek, with 

only a marginal correlation between the variables. Hence it could be suggested 

that the biomass values obtained in Stony Creek were more representative of 

the algal component of the sampled epilithon than the biomass values obtained 

in Booloumba Creek. Biggs and Close (1989), in their study of the dynamics 

of periphyton biomass in New Zealand rivers, noted that when biomass 

(represented as ash-free dry weight) and chlorophyll a values are correlated, it 

can be assumed that the material sampled is mainly of algal origin. This was 

the case in the present study, with a signtficant correlation between epilithic 

chlorophyll a and biomass for the data obtained in Stony Creek (P = 0.0002) 

and a marginal correlation in Boofoumba Creek (P = 0.091). However, even in 

the case of Stony Creek it has to be noted that samples inevitably included 

non-algal organic matter and silt / detritus as well. 

The above observations further suggested that algal communities in 

Booloumba Creek were not as frequently disturbed by major spates as were 

those in Stony Creek. For example, the presence of sponges on many cobbles 

in Booloumba Creek would indicate that these were not subjected to frequent 



tumbling, since the sponges would have been quite susceptible to the effects of 

cobble movement. Furthermore, the absence of any substantial detrital layers 

on cobbles in Stony Creek certainly indicated that the stream biota here were 

exposed to more frequently occurring periods of increased flow than those in 

Booloumba Creek. This becomes more clear by looking at the overall channel 

and catchment characteristics of the two streams: the same amount of raidall 

in both catchment areas would lead to a more substantial increase in depth in 

Booloumba Creek [due to its larger catchment area (Table 2.1); at the study 

site, Booloumba Creek was ranked a fifth order stream compared to Stony 

Creek which was of a third order ranking], however, the grade of the slope in 

this stream was by far smaller, while the width of the stream channel itself was 

wider than in Stony Creek (Table 2.1). Thus even though a given rainf" event 

would lead to a bigger increase in depth in Booloumba Creek, it would result 

in smaller tractive forces and lower shear stress on the stream biota than an 

identical rainfall event would in Stony Creek. From this it follow's that the 

stream depth which would produce a high enough tractive force to result in 

cobbles being tumbled was different in both of the streams surveyed here, with 

a larger depth (more raidall) required in Booloumba Creek in order for stream 

bed materials to be shifted compared to Stony Creek (200 cm depth necessary 

to move cobbles of lOcm diameter, as compared to only 25 cm in Stony Creek; 

section 3.3.1 C). 

The temporal data obtained in this study helped to explain how over 

time epilithic algal chlorophyll a and biomass are regulated by the structuring 

forces of physical disturbance @gh discharge events and drought). Results 

indicated that while most physical disturbance events had immediate 

detrimental effects on algal communities, other less severe and more gradual 

increases in stream flow actually promoted an enhancement in the productivity 

and growth of epilitbon as was shown by increases in chlorophyll a and 



biomass values after these events. It has been demonstrated previously that, 

despite their mostly destructive properties, under certain circumstances floods 

can have beneficial effects on stream ecosystems. Stevenson (1990) stated that 

only very severe spates are damaging to stream periphyton (mainly diatom) 

assemblages and that most spates exerted positive effects on these 

communities through the removal of dead diatoms. Sousa (1984), in discussing 

the role of disturbance in natural communities, stated that physical disturbance 

in general may at times prove to be beneficial to a community by suppressing 

predators (and herbivores), removing toxic substances fiom the system and 

may even play a role in the replacing of nutrients. Invertebrate grazers in a 

stream might also benefit fkom smaller-scale perturbations by a subsequent 

increase in the food supply brought about by a general reduction in grazer 

densities (Ferninella and Resh, 1990). Deniseger et al. (1986), commenting on 

the effects of heavy metal mining on stream periphyton communities, noted 

that the stream system they were studying was being "flushed ou.t"-by spates 

following heavy rainfall. It is especially the minor flood events, those which 

do not move stream bed materials, from which stream dwelling communities 

can benefit. For example, minor floods can be of benefit in the nutrient cycle 

of a stream and some stream communities might actually depend on these 

occurrences. Power and Stewart (1987) suggested that during these minor 

flood events, nutrient levels in the water might be enhanced through external 

nutrient inputs, while Homer et al. (1990) reported that increases in stream 

flow appeared to erhance nutrient concentrations available to algae and this in 

turn led to an increase in algal biomass. Pools along the course of a stream can 

become nutrient depleted and stagnant, especially if supporting a large 

periphyton, invertebrate or fish population. Increased flow at that point will 

aerate the water and supplement nutrients carried in the runoff &om the 

catchment area. Another beneficial effect of floods would be the creation of 

new substrate space available for periphyton growth as well as species 



recruitment (Feminella and Resh, 1990), this happening frequentty througb the 

initial removal of senescent periphyton colonies (cf. Power and Stewart, 1987: 

senescent Spirogyra colonies were completely removed during flood events 

whereas newly established colonies survived). 

Initially it was thought that spates in particular would exert the most 

important structuring forces on algal communities on cobbles. While the 

importance of spates alone is certainly indisputable, it became apparent that 

other factors may also result in similar changes in periphyton in the absence of 

physical disturbance, e.g. biological factors such as invertebrate grazing (as 

will be looked at in more detail in chapter six). 

By looking at the plots presenting the changes in chlorophyll a and 

biomass values since the last disturbance event (Figs.3.12, 3-13), it does 

become clear that, at least in the case of Stony Creek, the initially lower values 

in chlorophyll a data were due to direct effects of spates (Fig. 3.12A). It would 

be highly unlikely that these low values were due to invertebrate gazing, as 

grazers would not recover to make up substantial numbers before ten days 

after a spate (see chapter six). Chlorophyll a values then increased as time 

since the last spate progressed, an indication that the algal assemblages 

recovered. However, the gradual decrease in chlorophyll a values after 

approximately 50 to 100 days post-spate shows that another factor apart from 

physical disturbance reduced the algal communities once they had reached a 

certain point. The most probable explanations for this decline would be a 

general senescence of the algal assemblage [cf. Power and Stewart (1987); 

however, as some algae die off, others would be expected to colonize the 

vacant space], an accumulation of silt smothering the algae (though this was 

generally not very common in Stony Crek, certainly not as widespread as it 

was in Booloumba Creek), or lastly, an increase in grazing pressure by 

invertebrates. 



In Booloumba Creek the plot of chlorophyll a values versus the time 

since the last spate (Fig, 3.13A) showed no distinct trends, however, the first 

60 days following a big spate could be interpreted as being a period of 

increased algal growth with algae the initial colonizers on bare cobbles, while 

other organisms took over in the period between days 100 to 200 (this fall in 

chlorophyll a values was not due to increased grazer numbers; see chapter 

six), only to be again replaced by an assemblage of algae, which was then 

affected by siltation or invertebrate grazing This theory appears to be 

supported by the biomass data (Fig. 3.13B), with the highest biomass values 

post-spate corresponding with the lowest chlorophyll a values post-spate, 

indicating that the increase in biomass was not a result of an augmentation in 

algal growth. 

Thus overall, in Stony Creek, low chlorophyll a and biomass values 

occurred after spates, increased in the period up to 50 to 100 days post-spate, 

to then decline largely due to senescence of the algal assemblage. In contrast, 

Booloumba Creek was subjected to a much lower regime of disturbance, 

leading to an increase in non-algal biomass. In this stream, disturbance in the 

form of spates could enhance algal production by removing accumulated 

organic debris ffom cobbles. 

When monthly rainfall (which provided an indication of stream flow) 

was included in the correlation analyses, an absence of any significant 

statistical correlations between this variable with chlorophyll a and biomass 

was shown (Table 3.3). However, by examining the relevant scatter plots, a 

non-linear relationship between the variables was evident in both streams (Fig. 

3.8), with most chlorophyll a and biomass values (high and low) associated 

with times of lower rainfall, while during months of high rainfall, only high 

values were encountered. One explanation for this could be that increased flow 

enhances nutrient input (Sousa, 1984; Power and Stewart; 1987) and has the 

capacity to flush out a stream system @eniseger et al., 1986). 



Stream flow was monitored in situ with the aid of the data loggers; the 

correlation analyses and scatter diagrams of these site-recorded depth data 

with chlorophyll a and biomass values showed no associations in the case of 

Stony Creek. However, the Booloumba Creek depth data showed correlations 

with both chlorophyll a and biomass values obtained in that stream (Table 3.2; 

Fig. 3.9B, D). These correlations became more si@cant in the case where 

the depth data recorded over the two weeks prior to cobble sampling was used 

(Table 3.2; Fig. 3.10,B, D). It is thought that in Booloumba Creek chlorophyll 

a and biomass showed significant correlations with the logger pool depth (in 

particular when looking at the 'lag period" data), with low values dwing 

decreased depth and high values during times of increased depth, because 

increases in flow would have removed more of the detrital layer on cobbles, 

thus enhancing the growth of epilithon, both algal and other. 

Thus it has to be taken into account that some agents which can 

influence epilithon could be subject to a "lag effect", i.e. a period of time 

passes before any obvious or measureable effects on the periphyton 

community are manifested. For example, the rate of water uptake of the soil in 

the catchment area would determine how soon a given raidall event would 

result in an increase in stream flow and its magnitude (Douglas, 1958). It was 

initially thought that a such a lag effect might have possibly played a role in 

both Stony and Booloumba Creeks, however, as was shown in the last set of 

correlation analyses, the results obtained here indicated that this theory did not 

apply in the case of chlorophyll a and biomass in Stony Creek. 

In a l l  analyses involving the temporal patterns of epilithon in relation to 

flow alone, the effects of additional factors which may have a controlling 

effect on chlorophyll a and biomass have to be taken into account as well. 

Apart fiom grazing by insects, which will be discussed in chapter six, seasonal 

influences including the prevailing stream temperature would also 

simultaneously exert controlling effects on the epilithon (Winterbourn, 1990). 



Some of these factors, which can be extraneous or internal, would have had at 

least some effect on the biomass and chlorophyll a values obtained here, for 

example through changes in nutrient availability (Feminella et al., 1989) or 

desiccation during drought. The possible role of algal phenology is considered 

in the next chapter. 
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4.1 INTRODUCTION 

In the case of boulders overturned by wave action on an intertidal rocky 

shore, Sousa (1979) noted the occurrence of distinct successional sequences in 

algal assemblages on cleared spaces. Fisher (1983) noted that initial 

colonization is a widely described part of the successional process in streams 

and that the colonization pathway of streams following a disturbance is 

frequently indeterminable. It has to be noted here that, compared to other 

environments, stream organisms have a relatively short life-span, with the 

result that in some streams (e.g. desert streams), a number of successional 

series may occur in the one year (Grimm and Fisher, 1989). This can be 

contrasted with a temperate forest environment, where the majority of 

orga&sms are long-lived, and a single successional cycle may take many years 

(cf. Alverson et al., 1994). 

In streams, a successional cycle occurring in an algal con'ununity is 

usually a direct result of, and triggered by, flood events (cf. Hill and Boston, 

1991). The time-span between disturbances by severe spates in streams 

frequently allows time for a number of successional cycles to take place 

(Fisher, 1983). After a disturbance event has passed in a stream, denuded algal 

habitats like cobble and boulder surfaces are available for recolonization, with 

the initiation of a successional cycle in the periphyton. It would largely depend 

on the severity of the spate and whether or not some individuals &om the 

original population survived to determine which algal species would colonize 

the substrates and how quickly this would be achieved (cf. Power and Stewart, 

1987; Grimm and Fisher, 1989). If most of the original population in which a 

certain species was dominant was reduced during a spate, there is a good 

chance that a new, opportu.nistic species or a species which was less abundant 

in the original population could become the prevalent species following the 

event. This most likely would be a fast-growing species able to take advantage 



of the conditions present at the time, and would be reduced in abundance as 

other species replaced it. Fisher et al. (1982) noticed a boost in the gross 

primary production and the overall ecosystem respiration at this point after a 

flood event. A large percentage of this would most probably be due to the 

increase in renewed periphyton growth activity as algae colonized the newly 

available substrates. It would be expected that primary productivity would fall 

once the alga1 assemblage has matured and dominant species have taken over. 

Results observed in the case of forests affected by disturbance can be related 

to this: while the dominant tree species are usually very competitive and slow- 

growing, they are not as productive as the initial colonizing tree species. Thus 

productivity in forests declines with advanced successional stages (cf. Connell, 

1978; Alverson et al., 1994). 

Fisher (1983) stated that recolonization of a stream following a spate is 

generally difficult to determine, and hat  successional processes would not 

lead to a stream community which is resistant to future spates. In this respect, 

Fisher (1983) also noted that "time since last disturbance" is an important 

factor in describing succession in stream ecosystems (cf. chapter three). While 

post-disturbance recovery rates in streams are normally high [Boulton et al. 

(1992) stated that initial succession rates were rapid, only to slow down at a 

later stage], they may be subject to seasonal effects, i.e. while a specific algal 

species may be dominant during the successional process following a spate at 

one time of the year, that same species may not be dominant following a spate 

at other times (Grimm and Fisher, 1989). Furthermore, Boulton et al. (1992) 

observed that highest succession rates occurred during the summer months, 

with the stream water at a higher temperature. 

In discussing algal recolonizati of streams following disturbance 

events, Rushforth et al. (1986) noted a pattern of early rapid colonization of 

available substrates by diatoms, which was later succeeded by a diverse 

assemblage consisting of diatoms and other algae. This pattern of early diatom 



colonization followed by the arrival of other (e.g. filamentous) algae at a later 

stage has also been observed by other authors, including Korte and Blinn 

(1983). They fUrther stressed the importance of an initial organic layer 

developing on bare substrates, which apparently had a ccpre-conditioning" 

effect and speeded up the colonization rate of diatoms. 

4.2 AIMS 

In this chapter, the primary aim was to describe the succession of algal 

assemblages on bare substrates. By employing artificial substrates in the 

streams, it was hoped that the results obtained would provide sufficient 

information to allow the recognition of any salient post-spate colonization 

patterns of algae, as well as any inter-stream differences in these patterns. 

4.3 TERIALS AND THODS 

4.3.1 Experimental design 

To monitor algal colonization patterns on bare substrates and to iden* 

algal species in general, polyethylene foils were exposed in both Stony and 

Booloumba Creeks over a range of h e  periods, using identical experimental 

procedures. 

In order to observe and quanw successional cycles of algae in streams 

and lakes, artificial substrates have been used extensively in the past. They 

provide distinct advantages over natural substrates by reducing substrate-to- 

substrate variability (always being of the same physical nature) and thus 

allowing for an easy replication of experiments. Another benefit of artificial 

substrates is a reduced variability in benthic algal assemblages which would 



normally be expected if natural substrates are employed, frequently due to 

inconsistency in the substrate surfaces (e.g. Deniseger et al., 1986; Hill and 

Boston, 199 1). 

The most common substrate used in earlier studies were clay (or 

"quany") bricks and tiles as employed in studies by Tuchman and Stevenson 

(1980), Hart (1981), Lamberti and Resh (1983, 1985), McAMe (1984a), 

Peterson (1986), Vaughn (1 986), Robinson and Rushforth (1 987), Stewart 

(1987), Ferninella and Resh (1990), Hart and Robinson (1990), McCormick 

and Stevenson (199 la), Dudgeon and Chan (1992). 

Cattaneo and Amireault (1992), in their review of different artificial 

substrates, suggested that, in general, the choice of substrate material was not 

crucial. They noted that Hentschel (1916) was the first to use artificial 

subskates in the form of glass slides in a lake environment. However, 

Sladeckova (1962) stated that the first researcher to use artificial substrates in 

the fom of glass plates was Kny (1884). Ever since then, the use of glass in 

various shapes has been widespread as substrates for periphyton colonization 

in many studies, especially those dealing with freshwater ecosystems. 

Sladeckova (1962) further reported that glass was the most commonly used 

artificial substrate. She discussed the advantages of @ass and transparent 

plastics - for observation both can be placed directly under a microscope with 

no need to brush or scrape the surface (as would be the case with clay tiles, 

etc.) to dislodge the periphyton layer for examination. Thus with glass and 

clear plastic it is possible to examine algal cells intact, the way they have 

settled on the substrates. Other authors who used glass substrates include 

McIntire and Phinney (1%5), Deniseger et al. (1986) and McCormick and 

Stevenson (1991 b). 

Several authors have used plexiglas or perspex as artificial substrates: 

Kevem et al. (1966) used plexiglas plates to observe algal colonization, while 

Homer et al. (1990) used the same substrates to observe the effects of current 



regime on periphyton development. In their study of macroinvertebrate drift 

and colonization in a New Zealand river, Boothroyd and Dickie (1991) used 

perspex plates which were roughened to enhance algal adhesion. 

Biggs (1988) compared the suitability of cobbles, glass and perspex 

slides as substrates. He concluded that periphyton communities on the 

6 c i a l  substrates were in every way comparable to those on cobbles (except 

for a higher accumulation of organic detritus on the latter). However, he 

stressed that the surfaces of both the glass and perspex slides had to be 

roughened to aid in the attachment of algae. 

Backhaus (1967), in his study of the periphyton of the upper Danube, 

trialed a number of artificial substrates. He included celluloid strips, 

polyethylene foils, glass slides and larger glass plates (the former two mounted 

on bricks; the latter two both etched and untreated) in the trials. The best 

results (i.e. highest species richness and density) were obtained using the 

etched glass plates and polyethylene foils. Backhaus finally chose the foils for 

their ease of handling (no risk of breakage) and the ability to examine sections 

directly under a microscope. In an earlier study of periphyton in the river 

Haslach he demonstrated that after having been exposed for only a short time 

in the water, a l l  algal species which made up the periphyton community in that 

stream had settled on the polyethylene foils, with the exception of a few 

members of the Rhodophyceae: Lemanea, Batrachospermum and Chuntransia 

stages. Similar results were observed in the upper Danube, with comparable 

colonization rates and species composition. Backhaus did not find any algae 

that had settled on the polyethylene foils which did not occur on natural 

substrates and concluded that there were no differences in periphyton 

composition between the natural and artificial substrates (cf. also Backhaus, 

1969). 

One of the decisive factors which led to the selection of polyethylene 

foils as substrates for periphyton colonization was the suitablility of the 



material for use directly under a scanning electron microscope. Bricks and tiles 

were ruled out due to the difEcu1t-y in cutting these into small enough pieces to 

be accommodated in the SEM. Furthermore, there might have been a problem 

with possible leachates emanating from bricks or tiles which could have 

inhibited algal colonization (for the prevention of this, a lengthy 

"conditioning'' period in stream water might have been required in conjunction 

with autoclaving before the substrates were used for the proper experiments). 

In addition, two experimental series, where different artificial substrates 

were trialed in the field, were set up before the final decision was made to 

employ polyethylene foils. 

In the first series, several sets of glass microscope slides, fastened 

directly to wooden, clear-laquered plywood bases by means of wide rubber 

bands, were exposed in Stony Creek at the beginning of this study. While this 

arrangement looked promising with good periphyton colonization on the glass, 

the slides were easily broken by floating debris and hence very susceptible to 

increases in stream flow. Furthermore, cutting of the slides for SEM 

examination presented additional problems by easily disrupting the periphyton 

layers. Later examination of a few glass slides successfully prepared for SEM 

work revealed that the diatom assemblages on these slides were, in fact, nearly 

identical with those which settled on the easier to process polyethylene foils. 

Scwnning electron microscope stubs were considered as potential 

substrates in the second trial series. These would have been most convenient to 

use and perhaps would have presented the least chance of disturbing the 

attached algal layer during retrieval and processing since less handling would 

have been required. In the past, aluminium SEM stubs have been used as 

m c i a l  substrates by Korte and B l h  (1983). They compared diatom 

colonization on "plain" SEM stubs and stubs modified by having perspex discs 

glued to their upper surfaces. 



To explore the suitability of SEM stubs for use as artit'lcial substrates in 

this study, a pilot experiment was performed in both Stony Creek and 

h l o u m b a  Creek where six alumi.nium SEM stubs were fitted onto nylon 

blocks which had been prepared with recesses just wide and deep enough so 

that the stubs could be pressed in until approximately 5.0 rnm were still left 

showing above the surface. The blocks were fastened level with the stream bed 

by tying to bricks and left for fourteen days. Observations after one week 

revealed that a rust-coloured, floccose precipitate had started to invest the 

sides and upper rims of the stubs. This was even more pronounced at the end 

of the fourteen day trial period, with the precipitate in some instances covering 

more than 50 % of the surface of the stubs. No algae were found attached to 

any of these substrates, which in the opinion of this author was directly 

attributable to the precipitates. Due to these unfavourable results, further .. 
consideration of SEM stubs as substrates for algal colonization was 

abandoned. In this context it was also reported by Hamilton and Duthie (1984) 

that they considered duminium SEM stubs unsuitable for use as substrates due 

to the possible toxicity of the same if in contact with water for prolonged 

periods. The above observations are in direct c~r].tmt to the results which were 

obtained by Korte and B b  (1983), who rejected any notion that so-called 

"metal toxicity" might have influenced diatom colonization in their 

experiments, on the basis that they did not observe any differences between 

species composition on both the aluminium and perspex substrates employed. 

However, they reported that diatoms settled on the perspex discs at a far 

greater rate than on the unmodified SEM stubs, which they attributed to 

differences in the surface tensions of the two substrates used, rather than to the 

effects of my possible exudations itom the a l e u r n  stubs. 

Once it was established that polyethylene foils were suitable as 

substrates, it was decided to use a simplified version of the experimental set- 



up used by Backhaus (1967, 1%9). Clay bricks (dimensions: 7.0 x 1 1.0 x 22.0 

cm) were used as a heavy support base. The major change to fhe design by 

Backbaus was the omission of the asbestos carrier plates onto which the foils 

were mounted with clips before being attached to the bricks. Instead, clear 

polyethylene foils (cut to a size of 10.5 x 21.5 cm, slightly smaller than the 

brick surface to prevent detritus being caught) were mounted directly onto the 

bricks using rubber bands (size 85; flat length: 100 mm, width: 12 mm) in an 

arrangement as shown m Fig. 4.1. 

10.5 x 21.5 crn 

Two rubber bands 

Fig. 4.1. Arrangement of bricks used in colonizaticm experinrents. 

By using two rubber bands at each end of the brick, the foils were not 

dislodged even in faster flows. Earlier trials in riffles had shown that this 

experimental procedure worked very well aod that the bricks were able to 

withstand even minor flood events without being moved about. 

Once in the field, the foils were attached to the bricks as described 

above and a comer of each foil was marked in order to distinguish the upper 

(exposed) surface when the foils were due to be retrieved (Fig. 4.2). Without 



Fig. 4.2. ExperilnentaI bricks in Stony Creek showing attached polyethylene foils. 



markings, it would have been difEcult to identifjr the exposed surfaces later on 

when handled in the laboratory, especially in the case of those foils which 

were collected after the &st exposure period when few algae were expected to 

be attached. Each experiment consisted of eight bricks placed as a group in a 

shallow, semi-shaded rime area and aligned l o n g i e d y  with the flow. The 

bricks were secured on the stream bed by wedging between cobbles, making 

sure that flow over the foils was in no way interrupted. It has to be noted that 

the foils were not enclosed in a mesh cage or in any other way protected fiom 

aquatic grazers. However, only in a very few instances were @g 

invertebrates actually found on foiis with obvious grazed trails visible on the 

foil surfaces. Care was taken not to include these sections of the grazer- 

affected foils in later analyses. An examination of all other foils as they were 

collected fded  to show any signs of the distinctive grazing trails. 

Two foils were retrieved at each of four .time intervals as shown in the 

figure below (except in the last experiment when collections took place at only 

three time intervals). Once a foil was removed from the water, it was .carefully 

rolled up with the exposed side hcing in and placed in a labelled 120 ml 

plastic screw-top jar which was filled with stream water. Before closing the 

jar, five drops of 100 % formaldehyde were added The jars were transported 

on ice to the laboratory, where they were stored in a refigerator until ready for 

evaluation. 

The foil colonization experiments were conducted on three occasions 

(Table 4.1). 



TABLE 4.1. Colonization experiments wnducted in Stony Creek (SCI and Booloumba Creek @L) on 

three diferent occasions. 

4.3.2 Electron microscopy 

For periphyton density, species composition and enumeration, segments 

of foil were prepared for use in a scanning electron microscope: firstly, the 

foils were brought into 100 % alcohol in a number of stages and were then left 

overnight to air* completely. Segments of the foils to be examined were cut 

fim the exact centre of each foil (because of less likelihood of disturbance of 

the periphyton in that area due to handling), taking note of the previously 

marked upper surface. Each cut segment was approximately 10 mm2 in size. 

The foil segments were then attached to labelled aluminium electron 

microscope stubs (coded as listed in the above table) using rub-on adhesive 



spots. Next, the samples were coated with gold in a "Biorad Sputter Coatei" 

(model SC-500) and conductivity between the sample and the base was 

enhanced by the application of a carbon paste between the foil segment and 

the aluminium stub. A "Jeol JSM 35CF scanning electron microscope was 

used for microscopical analysis of the prepared foil segments. Standard 

operating procedures were followed during &e scanning electron microscope 

work. Each sample was examined at magnifications of 300 X (for cell counts) 

and 2000 X (for species identification) at 10 or 15 kV. For detailed evaluation 

at a later stage, one area was chosen at random in the centre of each foil 

sample (again to avoid examining areas around the margins which might have 

been damaged by handling). This defined area was scanned and photographed 

on 70 mm "Kodak TMX 6052" black and white print film at the above- 

mentioned magnifications, yielding SEM images for later evaluation. 

For diatom cell enumeration, a piece of transparent "Mylar" foil the 

exact size of the SEM images was prepared in the following way:- by using 

black indelible ink on the rough side of the foil, this was divided into six equal 

sections. Algal cells on SEM images were enumerated by placing the foil 

(smooth side up) onto a print of 300 X maenrfication and while counting 

numbers of a certain species in the six sections, marking them off with a 

water-soluble ink pen (this could then be erased easily and the foil reused). For 

enumeration of algal cells in the later stages of the experiments where they had 

formed a dense layer, another foil was prepared where the sections of the main 

grid were further divided into 5 x 5 grids and the same comtiag method 

employed as detailed above. All algal cell counts per section were then added 

to give total cell numbers per SEM image. 



To obtain a count of algal cells per unit area, the area of SEM images at 

a magnification of 300 X was determined in the following way: 

Length 0fSEM image (150 -1 1 = 4 1 1 long 
Length of SEM scale bar at 300X (36.5 mm) 

Width of SEM image (102 mm) 
x 100 = 279.5 microns wide 

Length of SEM scale bar at 300X (36.5 mm) 

The above gave a d a c e  area of 0,115 m m 2  per SEM image at a 

magnification of 300 X and thus all algal cell counts per image could be 

expressed in algal cells per 0.115 -2. These values were then converted to 

W y  give the numbers of algal cells per mm2 by dividing the number of algal 

cells by 0.1 15. 

4.3.3 Evaluation of data 

Following identification and enumeration, all algal cell counts were log- 

transformed to control scatter. Data were then plotted according to two time 

series of colonization: 

Firstly, for each of the two streams, graphs were drawn up to show 

colonization patterns of algae relative to a Julian day time scale fiom the day 

the foils were immersed, until the last collection day. In addition to general 

trends in algal colonization, these graphs would also reveal any seasonal 

factors affecting colonization of the foils. Each of the three experimental series 

was plotted in the above manner. 

Secondly, the data were also plotted as a time series against the number 

of days the foils were immersed in the streams. In this case, the data obtained 

in each of the three experimental series fiom each stream were combined, thus 



enabling a recognition of any distinct trends in the colonization of algae and a 

comparison of Stony Creek and Booloumba Creek at this level. 

The proportions of each algal species colonizing on foils were expressed 

in the form of pie charts (again, using log-transformed values). One pie chart 

was drawl up for each collection day indicating the relative proportions of all 

algae present on the foil sampled at that time. 

4.4 RESULTS 

4.4.1 Algal composition 

Algal assemblages which had colonized the experimental foils 

immersed in both Stony Creek and Booloumba Creek consisted almost 

exclusively of diatom groupings (Chrysophyta, Bacillariophyceae), with the 

exeption of isolated cases where small colonies (or individual cells) of the 

cyanobacterium Coccochloris Sprengel were found attached to the substrates 

(in all cases this alga appeared in spaces formed between adjacent diatoms). 

However, due to its relative hfi-equency on the foils, Coccochloris was not 

included in the general data evaluation. 

For illustrating the diatom colonization sequences observed on the 

polyethylene foils, scanning electron micrographs of foils immersed in the first 

experimental series in Stony Creek (SCI-1 to SCI-4) have been reproduced in 

Figures 4.3,4.4,4.5 and 4.6. 

All diatoms in this study were identified to genus level using Round er 

al. (1990). 

Overall, four genera of diatoms were identified on the polyethylene 

foils in Stony Creek, while six genera were found to have colonized the foils 

immersed in Booloumba Creek (Table 4.2). 



Fig. 4.3. SEM micrograph uf foil section exposed in Stony Creek after a period of 8 days. 

- - - - - 

Fig. 4.4. SE%4 micrograph of foil section exposed in Stony Creek after a period of 21 days. 



Fig. 4.5. SEM micrograph offoil d o n  exposed in Stony Creek after a period of 41 days. 

Fig. 4.6. SEM micrograph of foil section exposed in Stony Creek after a period of 219 days. 



TABLE 4.2. Diatom genera found attached to polyefhykne foils in Stony Creek and Boolomba 

Creek. (4 =present, - = absenl). 

4.4.2. Time series of diatom colonization 

Diatom cell counts on foils in Stony Creek for each individual 

experiment in relation to Julian Day time scales are depicted in Figures 4.7A, 

B and C, while the applicable cell counts for Booloumba Creek are shown in 

Figures 4.8A, B and C. 

From the above Figures it can be seen that in both streams, at the end of 

each experiment and without regard to the length of the immersion period in 

tke water, Coccomis and Nmicula were the diatoms with the greatest density 

on the foils. Generally, Nmicula and Cocconeis also exhibited fast 

colonization rates. With the exception of experiment II in Stony Creek and 

experiment I in Booloumba Creek, Tabellaria was the third genus represented 

on foils collected at the end of the experimental series. Rhoicosphenia was 

present on foils only at the end of experiment I in Stony Creek. 

Figures 4.9 and 4.10 summarise the colonization trends of the four 

diatom genera recorded on the experimental foils in Stony Creek and the six 

diatom genera recorded on foils in Booloumba Creek. Colonization trends in 



Fig . 4.7. Diatom cell counts ( m - 2 ,  log values) on polyethylene foils 
exposed in Stony Creek as part of the colonization experiments. 
Arrows indicate day when foils were immersed in stream. A) 
Experiment I, B) Experiment II, C) Experiment ID. 

Key to symbols used: % Cocconezs sp. 
A N ~ i c u l a  sp. * Tabellaria sp. 
+ Rhoicoqknia sp. 



50 100 

Julian Day 



Fig. 4.8. Diatom cell counts (mm-2, log values) on polyethylene foils 
exposed in Boolournba Creek as part of the colonization 
experiments. Arrows indicate day when foils were immersed in 
stream. A) Experiment I, B) Experiment II, C) Experiment III. 

Key to symbols used: % Cueconeis sp. 
A Navicula sp. 
0 Tabelkria sp. 
+ Rhoicosphenia sp. 

Synedi.a sp. 
0 CymbelIa sp. 
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Days exposed in stream 

* Stony Creek -e - Bodownba Creek 

Fig. 4.9. Diatom cell counts on polyethylene foils (mni2, log-transformed values) of 
A) Cocconeis sp., B) Nrnicula sp. and C) Tabellaria sp. in relation to 
immersion time in Stony Creek and Booloumba Creek. Data from all three 
experimental series conducted in each stream combined. 
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Days exposed in stream 

* Stony Creek -e - Booloumba Creek 

Fig. 4.10. Diatom cell counts on polyethylene foils (mni2, log-transformed values) 
of A) Rhoicosphenla sp., B) Spedra sp. and C) CymbeZh sp. in rdation to 
immersion time in Stony Creek and Bmioumba Creek Data &om all three 
experimental series conducted in each stream combined. 



relation to the number of days the experimental foils were exposed in the 

streams are shown, with the diatom cell counts obtained in all three 

experimental series combined for each stream. In addition, the relative 

proportions of diatom colonization on the experimental foils in both streams 

are depicted by way of pie charts in Figures 4.1 1 to 4.16. 

Looking at the chart depicting combined cell counts of Cocconeis in 

Stony and Booloumba Creeks (Fig. 4.9A), it can be seen that this genus 

showed a fast colonization of the substrates after an immersion time of 15 

days. This was particularly pronounced in Stony Creek where numbers 

increased rapidly after day 15, to then remain steady at high levels throughout 

the study. White Coccomis in Booloumba Creek dso attained high numbers, it 

did so by increasing at a slower rate than in Stony Creek and, over time, did 

not remain as steady at these high cell counts. It also has to be noted that 

Cocconeis in Booloumba Creek was not recorded until day 15, whereas in 

Stony Creek, this diatom was present on the substrates at day eight. The 

pronounced f d  in Cocconeis numbers in Stony Creek at day 15 corresponded 

with a peak in the numbers of Rhoicosphenia (Figs. 4.10A, 4.13). However, 

this was not repeated at later instances when Rhoicosphenia and Cocconeis 

were recorded at the same time on foils in Stony Creek. Numbers of Cocconeis 

in Boolomba Creek also fell at that time, though not as pronounced as in Stony 

Creek (Fig. 4.9A), coinciding with peaks in Synedra and CymbeZZa (Figs. 

4.10B & C, 4.15,4.16). 

Colonization of substrates by Navicula is presented in Figure 4.9B. 

Overall, numbers of this taxon were particularly high in Booloumba Creek, 

with numbers rising sharply until day 15. & was the only diatom present on 

foils after eight days immersion (Fig. 4.14) in this stream. As in the case of 

Cocconeis, a fall in the numbers of Navicula was observed in Booloumba 

Creek at day 15 concomitant to the occurrences of Synedra and CymbeZZa 

(Figs. 4.10BY C). The absence of NmicuZa in Stony Creek at day 21 coincided 



Detrhl matter 

21 days 

41 days 21 9 days 

Cocconeis sp. 

Tabellmia sp. 

. . . .  
. . . . NavicilIa sp. . . . .  

Fig. 4.1 1. Pie charts showing the proportions of diatom genera attached 
to polyethylene foils in the first colonization experiment series in 
Stony Creek (Iog-transformed values). 
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36 days 

cocconeis sp. 

36% 
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65 days 

NmicuZa sp. 

Rhoicoqhenia sp. 

Fig. 4.12. Pie charts showing the proportions of diatom genera attached 
to polyethylene fogs in the second colonization experiment series in 
Stony Creek (log-transformed values). 
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Rhoicmpknia ssp. 

Fig. 4.13. Pie charts showing the proportions of diatom genera attached 
to polyethylene foils in the third colonization experiment series in 
Stony Creek (log-transformed values). 
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Fig. 4.14. Pie charts showing the proportions of diatom genera attached 
to polyethylene foils in the first colonization experiment series in 
Booloumba Creek (log-transformed values). 
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36 days 65 days 

Cmeoneis sp. 

Tabelfma sp. 

Fig. 4.15. Pie &arts showing the proportions of diatom genera attached 
to polyethylene foils in the second colonization experiment series in 
Booloumba Creek (log-transformed values). 
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Fig. 4.16. Pie charts showing the proportions of diatom genera attached 
to polyethylene foiis in the third colonization experiment series in 
Booloumba Creek (log-transformed values). 



wi& the sharp increase in Cocconeis numbers and the largest proportion of 

Tabellaria recorded in this stream (Fig. 4.11). In both streams, Nmicula was 

present in highest numbers at 45 days after immersion of the foils. 

Concomitant with a drop in Navicz12a numbers, an increase in Cocconeis 

numbers was observed in Booloumba Creek at day 65 (Figs. 4.9A, B). 

Numbers of Navicula in Stony Creek remained relatively stable after day 45. 

Colonization trends of Tabellaria are shown in Figure 4.9C. Here, 

Tabelloria appears as a late colonizer, with individuals being recorded in 

Booloumba Creek only after fhe foils had been immersed for 30 days, while in 

Stony Creek the first examples were found on foils after 15 days of immersion. 

However, in the case of the latter stream, Tabellaria was not recorded when 

numbers of Cocconeis, Navicula and Rhoicosphenia were present in nearly 

equal proportions on the substrates (Fig. 4.12). This is shown in Figure 4.9C 

by the first depression in the line representing Tabellaria numbers. From day 

30 onwards, numbers of this taxon in both streams showed almost identical 

responses (with higher values in Booloumba Creek), with a fufther depression 

in cell numbers indicated at day 36. Numbers peaked after this, then graduaily 

decreased, until numbers of Tabellaria in Stony Creek exceeded numbers in 

Booloumba Creek on the last collection day. 

Rhoicosphenia was more prevaIent in Stony Creek than Booloumba 

Creek (Fig. 4.10A). In the latter stream, this taxon was recorded only at day 

21, thus in &is case it was a relatively late and short-lived colonizer. Even 

thou& it was more prevalent in Stony Creek, especially early in the 

colonization sequence, it did occur only intermittently. 

Both Synedra and Cymbella were recorded in Booloumba Creek only 

(Figs. 4.10B, C )  and were early colonizers in the absence of Tabellaria and 

concomitant with decreases in numbers of Cocconeis and Navicula. 

While the earliest colonizer in Booloumba Creek after eight days was 

Navicula (Fig. 4.9B), occupying 100 % of the foil sampled (Fig. 4.14), in 



Stony Creek, Coccorzeis and Rhoicosphenia were the only diatoms present at 

that stage (Figs. 4.9A, 4.12). As mentioned above, the other two &y 

colonizers in Booioumba Creek, Synedra and Cymbella, were not encountered 

on foils in Stony Creek. 

From the pie charts indicating the proportions of diatoms on the foils 

(Figs. 4.11 - 4.16), it can be seen that in Booloumba Creek, the highest 

proportion Cocconeis occupied was 46 0/4 whereas in Stony Creek, it occupied 

up to 79 % (with six collections up to 50 % or higher). The highest proportion 

of Navicula in the latter stream was 38 %, while in Boolournba Creek, this was 

100 %. 

Evidence that the diatom assemblages attached to the polyethylene foils 

were also encountered on natural substrates was obtained by way of gut 

content examation of the grazing caddisfly larva Tariagmo, common in the 

streams researched. The following genera of diatoms were recorded in the gut 

contents of Tasiagma collected f?om cobbles in both Stony and Boolournba 

Creeks: Rhoicosphenia (very common), Navicula (common), Cocconeis, 

Synedra (rare) and Gomphonerna Ehrenberg (rare). All diatoms that were 

ingested by Tasiagma, with the exception of Gomphonerna, were also found 

attached to the foils. Gomphonerna was encountered rarely as part of the gut 

contents and not at all on the experimental foils. 

4.5 DISCUSSION 

Through the series of experiments employed in this part of the study, it 

was endeavoured to determine the successional patterns of benthic algae 

following a major disturbance event where the substrates were cleared 

completely, for example in the case of a severe spate resulting in the tumbling 



of cobbles. The foils employed here represented a patch of bare substrates, 

analogous to that immediately following a disturbance event, and ready for 

recolonization. 

Colonization rates of newly available space by algae, either on natural 

substrates following severe d i d a n c e s  or on introduced substrates for 

monitoring purposes, have been investigated by several authors (e.g. 

Backhaus, 1967; Korte and Bhm, 1983; Rushforth et al., 1986; Robinson and 

Rushforth, 1987; Power et al., 1988; Molloy, 1992; Leukart, 1994; Robinson 

et al., 19941, who all observed that diatoms were primary and dominant 

colonizers, no matter which substrates they employed. The same result was 

also obtained in the present study, with only diatoms (except for very isolated 

occurrences of the blue-green algal genus CoccocWoris) having settled on all 

expenmental foils in each of the three series. Furthermore, horizontally 

positioned diatoms (e.g. Cocconezs and Nmicula as encountered in the present 

study) tended to be early colonizers, as was noted by Korte and Blinn (1983). 

Looking at the results of the gut content analyses of Taszagma larvae, it 

becomes clear that all diatom genera ingested by the caddisfly larvae were also 

recorded on the experimental foils. Gomphonema sp. was the only exception: 

it was encountered rarely as part of the gut contents and was absent from all 

experimental foils. This codd mean that this genus was also relatively 

uncommon on the natural substrates (e.g. cobbles) in the stream environments 

examined. Thus, the results obtained in the gut contents analyses lend M e r  

support to the assumption that the foil diatom assemblages were representative 

of natural epilithic assemblages. 

There appears to be general agreement in the literature &at an exposure 

time of artificial substrates in streams of approximately four weeks is 

sufficient to observe the different colonization phases of periphyton and to 

obtain a representative sample of the same. For example, Molloy (1992) 



employed an immersion period of four weeks for examining diatom 

communities settling on glass slides, while Power et al. (1988) incubated clay 

tiles for up to 33 days, Backhaus (1969) noted that polyedzyleoe foils 

immersed for two to three months did not yield a higher biomass or a different 

periphyton assemblage than those foils which were exposed for only 30 days, 

while Cattaneo and Amireault (1992) stated that most research projects in the 

past dealing with successional patterns of periphyton on substrates employed 

exposure times of two to four weeks. However, even though in the present 

study all diatom genera recorded on the foils had settled within the first three 

weeks of immersion in the streams, the diatom assemblages on the foils 

appeared to only " s t a b W  after a period of approximately 40 to 45 days, 

with diatom numbers not differing much between that time and the last 

collection at day 219 (except in the case of Tabellaria in Booloumba Creek, 

which was not recorded at day 219, as shown in Figure 4.9C). h selecting the 

lengths of immersion times for substrates in any colonization experiment, it 

has to be taken into account that the longer the exposure time (with increasing 

periphyton biomass), the more likely the risk of removal of material fiom the 

substrates by increased flow would be, for example through shearing forces. 

This point was also raised by Kevern et al. (1966), who noted that as 

periphyton accumulates, sloughmg occurs, even at relatively slow flow rates. 

Major destructive flood events were not encountered during the time all 

experimental series were run. Extensive SEM investigation revealed that 

almost all diatom hstules on the polyethylene foils were intact when 

'%arvested". Only very rarely were damaged diatoms encountered on the foils. 

;In relation to this observation, it was noted by Blenkinsopp and Lock (1994) 

that Cocconeis and cyanobacteria in particular were resistant to the removal 

fiom substrates by high discharge events, instead they observed that diatom 

h t u l e s  tended to be damaged during these periods of high flow. Thus it 



could be constwed that the relatively undamaged diatom assemblages obtained 

in the foil colonization experiments were fufther evidence of the absence of 

any major flood events during the times the three experimental series were 

completed, in addition to the low mhfdl recorded during these times. 

Regarding the successional sequences of diatoms on the foils, it was 

shown quite clearly that Synedm and Cymbella in Booloumba Creek were 

early colonists in the presence of low m b e r s  of other diatoms: Tabelloria 

and Rhoicosphenia were absent, while numbers of Cocconeis and Nmicula 

showed distinct depressions at the time Synedra and CymbelZa were found on 

the foils (Figs. 4.9, 4.10). The presence of the latter two diatoms in 

Boo1oumb.a Creek only was one of the main differences between the two study 

streams. In Stony Creek, the role of these ephemeral colonizers appeared to 

have been fiiled by Rhazcosphenja instead, with Cocconezs and TabeNaria 

being absent from the substrates at the same time this diatom was present. By 

looking at Rhoicosphenia, Synedra and CymbelZa in general, it becames 

apparent that these three diatoms exhibited more or less an opportunistic 

colonization pattern, settling on substrates early after space is initially created 

and again whenever there might have been gaps (perhaps through senescence 

of other ma),  but perhaps not being in a position to succeed in the long term 

due to a lack of competitive abilities. 

The monoraphid diatom Cocconeis appeared to be &e dominant taxon, 

at least in Stony Creek (Figs. 4.9A, 4.11 - 4.13). Initial colonization of this 

taxon progressed much more rapidly in Stony Creek than in Booloumba Creek, 

most probably due to the presence of Synedra and Cymbella and, following 

these two taxa, Rhoicosphenia in the latter stream, which might have led to 

crowding. It has previously been reported in the literature that Cocconeis 

eequently dominates diatom assemblages on artificial substrates (e.g. Jones, 

1978; Korte and Blinn, 1983; Blenkinsopp and Lock, 1994) and is the 

dominant diatom genus after disturbance events on natural substrates (e.g. 



Robinson and Rushforth, 1987). One explanation for this has been put foward 

by Korte and Blinn (1983), who suggested that Cocconeis was such a well- 

adapted early colonist because of it being able to produce mucilaginous 

secretions which aid in its attachment to the substratum (cf. also Molloy, 

1992). Other reasons might include it being a relatively fast-growing diatom 

(e.g. Rushforth et aL, 1986) and it being of relatively large size, as evidenced 

by the results obtained here. 

In Booloumba Creek, on the other hand, the results obtained suggested 

that the biraphid diatom Navicula was the most common taxon colonizing the 

foils (Figs. 4.9B7 4.14 - 4.16). Interestingly, the results indicated that in the 

case of Cocconeis and Navicula, the initial colonization sequence (up to 15 

days immersion in the streams) was "reversed" between both streams: in Stony 

Creek, Cocconeis colonized the foils f3st before Naviculu came in at day 15, 

whereas in Booloumba Creek, Navimla was recorded before Cocconeis came 

in at day 15. This could have been due to Nmicula on the whole being more 

common in Booloumba Creek, and Cocconeis being more common in Stony 

Creek In addition to the diatom cell counts of these two taxa (Figs. 4.94 B), 

this can also be gathered fiom the pie-charts depicting the proportions of the 

diatoms on the various foils (Figs. 4.1 1 - 4-16). 

Rushforth et al. (1986) reported that after only a couple of weeks of 

exposure in stream water, a comparatively stable periphyton commuaity is 

achieved on substrates. They detailed that this may include any combination of 

blue-green algae, diatoms and filamentous green algae, In the present study 

however, no filamentous algae or their spores were obsewed on the exposed 

polyethylene foils. In order for these algae to be able to colonize, the foils 

perhaps needed to be conditioned for a longer period until a more substantial 

diatom / blue-green algal layer was formed. Yet the maximum immersion time 

for the fist  series of foils was approximately seven months, with still no 

evidence of any filamentous or other algae, except diatoms and isolated 



CoccochZoris cells, on the substrates. Similar results were obtained by Korte 

and Blinn (1983), who also observed no algal filaments (and vertically 

attached diatoms) on their experimental substrates, and hence called this a 

two-dimensional comunity, as opposed to a three-dimensional community if 

these algal growth-fonns had been included. 

Another explanation for the lack of filamentous green algae on the 

experimental foils could have been possible unfavourable conditions for the 

widespread growth of these algae at the times the experiments were rut It has 

been observed in both Stony and Booloumba Creeks that filamentous green 

algae were present in large numbers in particular during times of low flow 

combined with high insolation and increased temperature conditions (species 

of Spirogyra Lmk, Cladophora Kiitzing and Stigeoclonium Kiitzing were all 

encoudtered in pools and slow-flowing sections of the streams). 

Colonization trends of the h e  main diatom genera (Cocconeis, 

Navicula and Tabeliaria) in both Stony and Booloumba Creeks did exhibit 

some general similarities, in particular during the latter stages of the three 

experiments. One instance where this was illustrated almost irrefutably was in 

the falf of the numbers of Tabellaria in both streams at collection day 36 (a 

similar decrease also being shown in numbers of Nmicula in both streams). 

This event, however, did not correspond with any increase in other taxa, or a 

major rainfd occurrence (Fig. 3.3). Rather, it is thought that the above 

observation could have been due to some drought effects, for example, short- 

term emersion of the foils. 

Thus overall, the results here showed that following a spate, diatom 

colonization rates in both Stony and Boolownba Creeks would be very similar. 

However, at the same time, chlorophyll a and biomass vdues obtained fiom 

epilithon on cobbles in both streams differed markedly (cf. chapter three). 

More than Uely these differences in chlorophyll a and biomass were not 



related to the available diatom colonists in the streams (as mentioned above, 

the diatom genera present and their respective cell numbers on foils in both 

Stony and Booloumba Creeks were very similar). It is thought that at a later 

stage in succession the algal community in each stream developed their unique 

characteristics, depending on the prevalent flow regime and frequency of 

disturbance (cf. section 3.5). Another explanation of the above may be that 

cobbles in Booloumba Creek are not sufficiently tumbled and scoured to 

remove the thick detrital layer of epdithon, which may limit diatom 

colonization in this stream. 



EFFECTS OF 
DESICCATION ON 

EPILITHON 



5.1 INTRODUCTION 

While it may be easiest to visualize a &sturbance event in a stream 

environment in terms of spates which shift stream bed materials, or even in 

terms of severe grazing pressure on algal assemblages, one frequently 

overlooked form of disturbance is that of desiccation stress on stream-dwelling 

communities. While not as sudden in occurrence as many high discharge 

events, periods of low discharge, for example due to drought, are also regarded 

as a form of disturbance (Resh et al., 1988), fitting into the scope of the 

definitions of disturbance proposed by various authors as set out in the first 

chapter. Evidence of the importance of low flow conditions as a form of 

disturbance is provided by Boulton et al. (1992), who, in discussing stream 

macroinvertebrate communities, stated that "drying apparently influenced 

assemblage composition more than spates, possibly by altering habitat 

availability". Similarly, Power and Stewart (1987) noted that in the stream 

they were studying, bare space for recolonization of algae became available 

"not only during floods, but after prolonged periods of low flow". Low flow 

conditions could also, in some respect, be classLfied under "physical" 

disturbances; an example of this would be the desiccation stress exerted on 

epilithon following emersion for extended periods. In this study, low flow has 

been considered as another form of physical disturbance. 

Agents that can affect periphyton assemblages during the absence of 

physical disturbance, and in particular during periods of reduced stream flow, 

may include leachates from organic matter in the water (for example leaf 

litter), extraneous sources such as iron oxide (heavy metals) leachates and 

other toxic agents (cf. Resh et al., 19881, plus an overall lowering in the 

dissolved oxygen content of the water, all of which can exert inhibitory effects 

on the periphyton community. The effects of heavy metals, including iron, on 

algae and other parts of stream communities are detailed in Whitton and Say 



(1975). Even though in their discussion they refer to flowing waters, the 

effects of leachates would be greatly intensified under conditions of low flow. 

All of the above suggests that in addition to physical disturbance, under certain 

circumstances low flow periods could perhaps also be classified as a form of 

chemical disturbance. 

Mann (1975) stated that leaf litter from the riparian vegetation can 

"smother substrata" which normally would have been available for periphyton 

colonization. This would be more so the case during periods of low flow and 

drought, when a build-up of leaves and other extraneous plant material would 

form in the stream channel instead of being carried downstream. De- 

oxygenation of isolated pools caused by an accumulation of leaf litter during 

periods of low flow was reported by Hynes (1972). Leaf litter and other 

detrid matter which might have been the source of leachates would be swept 

downstream during floods, even minor ones (cf. Sousa, 1984: toxic substances 

are flushed away during spates). 

Prolonged drought conditions cannot be disregarded as important 

determinants controlling stream communities, as these can have wide-ranging 

effects on the structure of the stream biota as well - this would be of particular 

importance in countries featuring an arid environment. Once the flow in a 

stream is interrupted and the stream bed dries up, be it due to drought or the 

restriction of discharge fiom a dam, the communities contained therein start to 

degrade, ultimately resulting in changes within the stream biota (Fisher et al., 

1982). For example, during times of drought, a previously free-flowing stream 

can be reduced to a subsurface flow through gravel beds linking a number of 

individual pools. Apart from the obvious effects on the stream algal 

community of factors such as desiccation, algae surviving in pools would be 

placed under considerable grazing pressure by an increased number of fish and 

invertebrates as they sought refuge there during periods of drought (Fisher et 

al., 1982, commented: "shrinking [stream] systems strand autotrophs and 



concentrate mobile consumers"). During these times the periphyton standing 

crop in pols  would be severely limited and, in extreme cases of prolonged 

drought, could be completely depleted. Any remaining pools would soon 

become stagnant with ultimately an assemblage of blue-green algae 

dominating. Once a stream starts flowing again &r events as those just 

described, recolonization of algae in the stream would start anew, since the 

previous resident algal community would almost certainly have been virtually 

wiped out or at least severely disrupted. 

Desiccation stress due to drought can be another important factor 

eecting stream biota (e.g. Douglas, 1958; Peterson, 1987a), especially those 

inhabiting ephemeral or seasonal streams (see earlier comments in this 

chapter). Unlike mangrove or intertidal shore algae which have adapted 

physiologically to the regular periods of emersion and immersion and the 

associated turgor stresses on cell structure as a result of the tidal cycle 

(Mosisch, 1993), stream algae are not endowed with the same resistance to 

desiccation stress on account of being exposed fkom the water only rarely 

during seasonal and other climatic extremes. Furthermore, an increase in silt 

deposits settling on and having the capacity of smothering algal colonies 

during periods of low stream flow and the absence of water agitation can 

provide another problem which again is remedied by flood events. 

5.2 AIMS 

In this chapter, the primary aim was to determine the importance of 

disturbance in the fom of desiccation on epilithic stream algal c o d t i e s .  

Furthermore, it was endeavoured to ascertain if these algal assemblages were 

capable of recovering fiom desiccation stress and whether the length of 

recovery played a si@cant role. It was hoped that the results obtained 



experimentally would then clarifL if desiccation can be regarded as one of the 

major factors shaping stream algal communities in the absence of spates, 

during the dry season. 

5.3 MATERIALS AND METHODS 

5.3.1 Experimental design 

On each of three dates 15 days apart (02.02.93: day -30, 17.02.93: day - 
15 and 04.03.93: day O), ten cobbles were collected at random fiom the 

previously described experimental areas of both Stony and Booloumba Creeks. 

Due to low flow conditions prevailing in Stony Creek at these times, cobbles 

here were collected fiom a pool approximately 3.5 m long and subjected to a 

steady flow-through of water. After each cobble was dried by wrapping it 

lightly in a paper towel, identification labels were attached. Waterproof 

polymer paper was cut into small labels (approximately 2.5 x 1.0 cm) and an 

idenscation code unique to each cobble and removal date fiom the creek was 

written on this with indeliile ink. Furthermore, for each of the three removal 

dates the labels were cut to a different shape, permitting treatment 

idenscation even if the writing did become illegible. Labels were attached to 

each cobble using a very small drop of 'Super Glue", which securely fastened 

each label to the rock surface. After trials including using transparent, 

waterproof silicon sealants as glue and painting identification codes directly 

onto the rocks, this technique was found to be the most satisfactory means of 

secure identification. 

Once properly labelled, the cobbles were placed high up on the creek 

bank in shade amongst the riparian vegetation; high enough so that any sudden 

floods would not inundate or wash the cobbles away. Cobbles were not 

protected against rainfall. 



The cobbles were left exposed until the 4th of March, 1993 (day 0), 

when all were replaced into the streams. Even though it was endeavoured to 

place the cobbles into rifne areas, this was not possible in Stony Creek due to 

a lack of suitably deep riffles. Therefore, cobbles in this stream were placed in 

a pool which was subjected to a steady flow-through of water at all times. For 

the day 0 treatment, ten cobbles were removed fiom the water, processed as 

described above and then replaced immediately into the stream. Thus there 

were three desiccation treatments: 30, 15 and 0 days out of the water (Fig. 

5.1). 

Once all cobbles were submerged in the creek on day 0, they were left 

for the epilithon to "recove?' &om desiccation. This recovery period consisted 

of two lengths of time: collections took place at day +I5 (19.03.93) and day 

+30 (02.04.93) (Fig. 5.1). On each of these days, fifteen cobbles were 

collected, five fiom each of the three desiccation treatments. Cobbles were 

carefully removed from the creek, any grazing invertebrates picked off and 

each cobble placed into a tough polyethylene bag which contained an amount 

of creek water just enough to cover the cobble. All plastic bags were sealed 

and placed onto ice blocks in an insulated dark container, ready for transport 

back to the laboratory. The epilithon of each cobble was then processed for 

chlorophyll a and biomass using the methods described previously (chapter 

three). 

5.3.2 Analysis of data 

Mean values of chlorophyll a and biomass as obtained under the 

various desiccation / recovery treatments were calculated (n = 5) and plotted in 

the fom of histograms indicating the standard deviations. 

For both Stony Creek and Booloumba Creek, chlorophyll a and 

biomass values obtained from the epilithon on the experimental cobbles were 

tested for the presence of any differences between the lengths of the 



desiccation periods and the lengths of the recovery periods, plus any effects of 

the interaction between the above. To achieve this, data were subjected to two- 

factor analyses of variance. Prior to the employment of these tests, the data 

were log-transformed to stabilize the variances in order to fulfill the 

assumptions of ANOVA. The transformed data were then rechecked for scatter 

of the variances. 

desiccdtion period ALL ROCKS IN 

Fig. 5.1. Schematic overview of desiccation experiment. 

5.4 RESULTS 

Mean chlorophyll a and biomass values of epilithon on the 

experimental cobbles employed in the desiccation experiment are swnmarised 

in Figure 5.2 for both Stony and Booloumba Creeks. 

Potential significances were indicated in two cases: firstly7 in the 

chlorophyll a data for Stony Creek (Fig. 5.2A), where it appeared that values 

were sipficantly higher in epilithon not subjected to any desiccation 



30 15 

Recovery time (days) 

Desiccation time 

I 0 days - 15 days - 30 days I 

Fig. 5.2. Mean values of A) & B) chlorophyll a and C) & D) biomass 
recorded in the desiccation experiment conducted in Stony Creek (SC) and 
Booloumba Creek (BL) (+I- 1 SD, n=5). 



treatment (0 days) compared to those obtained in the desiccated treatments (- 

15 days, -30 days) and, secondly, in the biomass data for Booloumba Creek 

(Fig. 5.2D), where it appeared that v h s  were sigmficantly higher following 

the 30 day recovery period as compared to the 15 day period. 

Results of the analyses of variance for both streams are presented in 

Tables 5.1, 5.2, 5.3 and 5.4. No high discharge events were encountered 

during the time this experiment was performed, thus tumbling or scouring of 

the experimental cobbles could be discounted as being the causal factors of 

any effects observed. 

Looking at Stony Creek, the days out of water (desiccation time) 

exerted a strong and consistent effect on chlorophyll a values of periphyton on 

experimental cobbles (Table 5.1): when subjected to desiccation treatments of 

15 and 30 days, chlorophyll a values were significantly lower than those 

obtained under the "0" (control) treatment (P = 0.004). In addition, no 

sigrvficant differences were shown between the chlorophyll a *values of 

periphyton subjected to the two desiccation periods (P = 0.757). Even though 

chlorophyll a values were slightly less after 30 days recovery, there was no 

signrficant merence between the recovery of chlorophyll a values after 

reimmersion periods of 15 and 30 days in the stream (P = 0.086). Further 

analysis of variance of chlorophyll a data revealed that there were no 

significant interactions between desiccation and recovery times (P = 0.912). 

No significant differences between the effects of desiccation times and 

the interaction between desiccation and recovery times on the biomass values 

of periphyton were noted in Stony Creek (in both cases P > 0.05); differences 

in biomass values due to recovery time alone were not significant, even though 

biomass values were slightly higher after 30 days recovery (P = 0.09, Table 

5.2; cf. also Fig. 5.2C). 

In contrast to Stony Creek, analysis of chlorophyll a data from 

periphyton in Booloumba Creek revealed that there were no s i d c a n t  effects 



of desiccation times and the interaction between desiccation and recovery 

times (in both cases P > 0.05); however, the effects of recovery time alone 

were marginally signrficant (P = 0.15, Table 5.3; cf. also Fig. 5.2B). 

However, in Booloumba Creek, a significant difference in periphyton 

biomass values was attributable to recovery time: these values were 

significantly higher after a recovery period of 30 days as compared to only 15 

days (P < 0.0001, Table 5.4). Desiccation time appeared to have no effect (P = 

0.954), as did the interaction between desiccation and recovery hmes (P = 

0.577). 

TABLE 5.1. Summary statistics of analysis of variance for periphyton chlorophfl a on cobbles in 

Stony Creek in relation to desiccation times and recovery times (n=5, a=O.OS, log-transformed 

values). 



TABLE 5.2. Summary statistics of analysis of variance for penphyton biomass on cobbles in Stony 

Creek in relation to desiccation times and recovery times (n=5, a=0.05, log-transformed values). 

TABLE 5.3. Summary statistics of analysis of van'ance for periphyton chlorophyll a on cobbles in 

Booloumba Creek in relation to desiccation times and recovery times (n=5, a=0.05, log- 

transformed values). 

TABLE 5.4. Summary statistics of analysis of variance for periphyton biomass on cobbles in 

Booloumba Creek in relation fo desiccation times and recovey times (n=5, a=0.05, log- 

transformed values). 



Only a few studies examining the effects of desiccation on epilithic 

stream algal communities have been published in the past, amongst these are 

papers by Douglas (1958) and by Peterson (1987a). 

Douglas (1958), in her study on the ecology of stream diatom 

communities, noted that the majority of diatom species were not able to 

survive desiccation treatments (these involved drying periphyton on cobbles 

collected &om the stream bed for periods ranging fiom a few minutes to 

several days). Desiccation appeared to have such a major effect, that no new 

diatom growth was recorded, even after reimmersion of the cobbles for a 

number of weeks. Douglas (1958) thus concluded that the diatom assemblages 

were killed due to desiccation stress. 

Peterson (1987a) looked at the resistance of assemblages of diatoms to 

desiccation stress and further compared diatom communities from' high and 

low flow regimes. He observed a poor resistance to desiccation in diatoms 

experiencing low flow conditions; M e m o r e ,  a change in species 

composition was noted in diatom communities exposed to these conditions. On 

the other hand, diatoms in high flow environments exhibited a higher 

desiccation resistance. Peterson (1 987a) attributed these observations 

primarily to reduced nutrient renewal rates in low flow habitats. Furthennore, 

he noted increases in the production of mucilage secretions in high-flow, 

desiccated diatom communities, which, he stated, could be advantageous for 

new diatom settlement during recolonization. 

Just like after a major spate, stream invertebrate communities can also 

be severely affected by conditions of prolonged drought and the associated 

cessation of discharge. In the case of caddisfly populations, this has been 

documented by Resh (1982). It appears that complete recolonization of an 

affected stream by caddisflies would take longer following a drought period 



than after a period of high discharge, since Resh (1982) noted that the first 

complete caddisfly cohort encompassing all age classes was only evident two 

years after the desiccation disturbance event he examined. On the other hand, 

stream invertebrate communities tend to recover relatively fast following a 

spate (e-g. Fisher et al., 1982), since individuals can seek refuge in interstitial 

spaces (Palmer et al., 1992) or through migration of invertebrates from regions 

further upstream or downstream (e.g. Boulton et al., 1991). All of these 

recolonization methods nomally employed by invertebrates are highly 

unlikely to occur following a severe drought (Resh, 1982). It could thus be 

anticipated that newly colonizing diatoms and other algae following a 

prolonged desiccation disturbance would not be exposed to immediate grazing 

pressure of such a magnitude as would be the case after a spate. 

The results obtained in Stony Creek indicated that periphyton 

(composed of diatom assemblages) chlorophyll a values were depressed when 

cobbles were exposed &om the stream water for periods of 15 days or more, 

with no significant difference shown in chlorophyll a values between 

desiccation times of 15 or 30 days. This would indicate that algal assemblages 

on cobbles in Stony Creek were not very tolerant to desiccation stress. The 

cobbles in Stony Creek were initially collected and replaced in a pool for the 

recovery periods due to prevailing low flow conditions (and not in a siflle area 

as was originally planned). As cobbles in the pool were not subjected to any 

sigmficant flow both prior and subsequent to the desiccation treatments, the 

result for chlorophyll a obtained here could be related to results obtained by 

Peterson (1987a), who, as discussed above, noted less resistance to desiccation 

by diatoms from low flow habitats (which he considered as being areas of low 

nutrient renewal). 

Furthermore, recovery of the periphyton in Stony Creek indicated only 

a marginally sigdicant difference after 15 and 30 days of reimmersion. Thus, 



if desiccated for 15 or more days, it would most likely take more than 30 days 

for complete recolonization of a cobble by diatoms to pre-desiccation levels. If 

new diatoms wodd have colonized during the recovery periods, this should 

have been reflected by an increase in chlorophyll a values. 

While Peterson (1987a) noted reductions in biomass of periphton 

directly attributable to desiccation, in .this study, a similar result was not 

shown for periphyton biomass in Stony Creek, with results suggesting that 

there were no significant differences in biomass between any of the treatments. 

One possibility for this obsewation could have been that a large percentage of 

dead (desiccated) diatoms remained attached to the cobbles and thus no 

significant changes in biomass were recorded. 

Results obtained in Booloumba Creek did not relate to those obtained in 

stony Creek. Here, results suggested that the desiccation treatments applied 

did not have any significant effects on epilithic chlorophyll a values. 

Consequently, it could be concluded that it was of no sigdicance whether 

cobbles were exposed for 0, 15 or 30 days. These cobbles were collected &om 

riffIe areas prior to treatment and replaced into rifne areas following 

desiccation where they were exposed to continuous flow. Again, an 

explanation for these results could possibly be provided by the flow regime 

these diatoms were exposed to before collection for the experiments: Peterson 

(1987a) noted that diatom communities developed in high flow conditions 

appeared to be more resistant to desiccation. Furthermore, another reason that 

the length of the desiccation time was a highly important factor influencing 

chlorophyll a values in Stony Creek and not Booloumba Creek could have 

been due to the fact that the cobbles in Stony Creek supported a higher 

proportion of algae, as evidenced by the continual higher chlorophyll a values 

obtained during the entire monthly sampling regime in this stream (chapter 

three). 



When looking at the results of periphyton biomass obtained in 

Booloumba Creek, the recovery time was highly significant, with biomass 

values significantly higher after 30 days reimmersion in the stream than &r 

just 15 days. Peterson (1987a) also observed an increase in biomass in 

desiccated periphyton which was reimmersed in a high flow environment. 

However, the result of an increase in biomass with increasing recovery time 

obtained here, did not correspond to a concomitant inincrease in chlorophyll a 

values, which could have been expected with a signtficant increase in biomass. 

One possible explanation for this could be that other organic matter / detritus 

(e.g. chironomid tubes, sponges; cf. chapter three) and silt accumulated on the 

cobbles over the t h e  they were reimmersed, thus leading to the observed 

increase in biomass from day 15 to day 30. As mentioned in an chapter two, it 

was noted by way of general observations that Booloumba Creek carried a 

higher proportion of suspended matter than Stony Creek. 

Following from the above it could be expected that there would not 

only be differences between the inter-stream desiccation tolerances of diatom 

communities, but intra-stream desiccation tolerances could most certainly be 

determined as well, for example through differences in the desiccation 

resistance of individual diatom assemblages present on substrates exposed to 

high and low flow regimes, as pointed out by Peterson (1987a). Ultimately, 

after a severe drought, this could then lead to patches of surviving diatoms (or 

faster regenerating diatoms) which provide the most readily available "stock" 

for dispersal, in the short term possibly leading to a change in the original 

diatom composition of affected stream segments. 

It would be expected that epilithon on cobbles and boulders located 

towards the sides of the stream channel would be affected on a more regular 

basis compared to epilithon on cobbles or boulders located in the centre region 

of the channel: smaller variations in stream discharge are likely to occur quite 

frequently due to a number of causes, leaving epilithon on cobbles located 



closer to the stream bank exposed for various lengths of time. However, only a 

severe reduction in discharge or a complete cessation of flow would affect 

epilithon in the middle of the stream channel. 

Desiccation must not be overlooked as an important form of disturbance 

in stream systems. As has been shown in the present study and also in previous 

research (e.g. Douglas, 1958; Power and Stewart, 1987), desiccation stress can 

affect the survival ability of algae in many streams. While algal communities 

in watercourses subjected to frequent low flow periods (e.g. due to seasonal 

changes in the flow regime) would be expected to be more tolerant of 

desiccation stress (i.e. it is likely that desiccation-resistant species would 

prevail in the algal assemblage), it is those algae in streams which rarely 

experience conditions of low flow which would be most affected should they 

be subjected to desiccation (it would be unlikely that many species found in 

these streams would be resistant to desiccation stress). 



ZING EFFECTS 
ON EPILITHON 



6.1 INTRODUCTION 

According to Fisher et al. (1982), flood events are the most common 

forms of disturbance in stream ecosystems. However, if looked at from a 

global point of view this may not be the case, since in arid countries, such as 

Australia, streams featuring 'low flow" conditions would be more common 

than those with a ""high flow" regime. It is clear, however, that biological 

disturbance can also take effect, albeit under certain conditions, for example in 

the form of grazing pressure on algal communities. 

During the absence of physical disturbances like flood events - e.g. 

during times of constant discharge (or base flow) - biological disturbance of 

algal assemblages will probably play a more important role in the shaping of 

the p&.iphyton assemblages. Leukart (1994) noted that in flowing waters, 

snails, insects and insect larvae are the most important algal consumers and 

that they do not only affect algal standing crop, but the species composition of 

algal assemblages as well. This was W e r  examined by McCormick et al. 

(1994), who also concluded that herbivory, for example through grazing by 

aquatic invertebrates, can be a most important factor in structuring periphyton 

commuaities by not only directly affecting quantity, but also primary 

productivity and species composition, the latter as a result of selective grazhg. 

Robinson and Rushforth (1987) and Sinsabaugh et al. (1991) also made 

reference to this, stating that aquatic invertebrates can alter species 

composition and ultimately the structure of epilithon communities. This topic 

was further discussed by Power et al. (1988), who noted that structural 

alterations in periphyton due to grazing can, in fact, result in changes on an 

ecosystem scale. 

Many studies have shown that algae are widely consumed by 

invertebrate grazers (Mecom, 1972; Lamberti and Resh, 1983; Hart, 1985; 

Chessman, 1986; Hambrook and Sheath, 1987; Jacoby, 1987; Peterson, 19873; 



Power et al., 1988; Sheath and Hambrook, 1990; Hart, 1992; Kohler, 1992; 

Rosemond, 1993; Bergey and Resh, 1994). While the majority of these studies 

has shown that microscopic algae (In particular diatoms) are most commonly 

gazed, cell fragments of macroscopic algae like Bafrachospemum and some 

vascular plants may also be frequently encountered in the gut contents of these 

grazers (e.g. Hambrook and Sheath, 1987; Sheath and Hambrook, 1990; 

Kohler, 1992 - grazing by crayfish on Cladaphora). 

Rosemond (1993) examined the grazing effects of snails on a stream 

algal community. Results showed a preference of snails for diatoms: their 

grazing activities altered the composition of the algal assemblage present, with 

diatoms dominating in the absence of gazers. When grazers were removed, 

diatoms actually overgrew other algae (cf. dso discussion on the beneficial 

effects of grazers later in this section). Rosemond M e r  noted that as a result 

of grazing activities, algal assemblages were not progressing beyond an early 

stage of succession. In the majority of cases, a periphyton community 

subjected to persistent grazing would be dominated by a diatom assemblage, as 

discussed in Lamberti and Resh (1 983) and Hart (1985). 

In regard to invertebrate grazers and disturbance, Feininella and Resh 

(1 990) have noted differences in competition between species of invertebrates, 

depending on the frequency of disturbance events: during times of fiequent 

disturbances, competition was found to be reduced, whereas during times of 

little disturbance, competition between grazers was incressed. Research by 

McAulhTe (1984b), who examined the role of competition in a benthic stream 

community, also showed that perturbations can affect the competitive abilities 

of stream-dwelling invertebrates; in this case breaking the competitive 

dominance of the caddisfly larva Leucoaichia pictipes Banks. 

As was outlined earlier in the case of physical disturbance (chapter 

three), biological disturbance can, under certain conditions, also be of benefit 

to a periphyton community. For example, Jacoby (1987), in her study of 



invertebrate grazing on periphyton in a Cascade Mountain stream, USA, found 

that the caddisfly larva Dicosmuecus gilvipes Hagen reduced diatoms to a thin 

stratum through grazing. Compared to ungrazed areas, t3us continual grazing 

action produced a noticeably healthier diatom assemblage. This was also 

observed by McComick and Stevenson (1989), who looked at the effects of 

snail grazing on stream algal structure and noted that gazing exerted a positive 

effect on the growth of some diatom species (in contrast to observations by 

Rosemond, 1993, as discussed earlier). Cooper (1973) also observed an 

increase in primary productivity of algae in aquatic laboratory microcosms due 

to grazing by herbivores. Further evidence that grazing by herbivorous insects 

may in certain cases produce beneficial effects has been provided by Dudley 

(1992) who reported on the removal of epiphytes (mainly diatoms) fiom 

Cladophora glomerafa &.) Kiitz. in its later developmental stages by mayfly 

and caddisfly larvae. Thrs helped reduce competition fiom the epiphytes and 

sloughmg of eonds during times of increased flow due to increased flow 

resistance. 

6.2 AIMS 
The main ainl in thls part of the study was to experimentally investigate 

the importance of biological disturbance on stream epilithic'-algal communities 

in the foxm of grazing by invertebrates. It was examined whether or not 

grazing by invertebrates produced any sigmficant differences in the 

chlorophyll a and biomass values of the epilithon on cobbles. In addition to 

testing if grazing invertebrates change algae on cobbles, it was also explored if 

grazers can affect the rate of algal recolonization on bare substrates (i.e. bare 

cobbles). Concomitant to this, it was attempted to describe any temporal 

patterns in total grazer numbers and salient relationships between invertebrate 



gazers and the monthly chlorophyll a and biomass data of the qiiithon 

obtained previous1y. 

6 3  MATERIALS AND METHODS 

6.3.1 Temporal patterns in grazer numbers 

Total invertebrate grazer numbers on cobbles were monitored on a 

monthly basis in. conjunction with chlorophyll a and biomass, as described in 

section 3.3.2 A. Major invertebrate grazers included Tarimia Mosely, 

Tasiagwra Neboiss, Helicopsych Siebold (3 spp.), Agapefus Curtis, 

Scleroc~hon Blackburn (2 spp.) and Ferrissia Walker. Highly mobile grazers 

such as Baefis Leach were not included. Final numbers were expressed as total 

grazers on cobbles per 500 m2. It was then possible to analyse these figures 

directly with the chlorophyll a and biomass values obtained from epilithon on 

cobbles, noting any relationships between grazer numbers and the other two 

pafameters. 

6.3.2 Grazer manipulation experiment 

In order to determine if there were any grazing effects on the epilithon 

of cobbles by herbivorous invertebrates in both Stony and Booloumba Creeks, 

an inclusion / exclusion experiment was designed where the numbers of 

grazers on each cobble could be easily manipulated. Furthennore, the effects 

of grazers on desiccated epilithon on cobbles were investigated. Several 

methods of excluding grazers from cobbles were considered, including the 

following experimental designs: 

Firstly, cobbles were raised off the stream bed by using supports or 

platform-like structures. This method of controlling grazers on a variety of 

substrates has been employed by several authors in earlier studies (e.g. Jacoby, 



1987; Ferninella and Resh, 1991; Kohler, 1992; Steinman, 1992). However, 

there appear to be a number of inherent problems with this technique, 

including the fact that a number of crawling grazers would still able to reach 

the cobbles by access via the supports and that others might gain entry by 

drifting onto the cobbles. This method would require frequent monitoring for 

insects which have settled on the cobbles, probably as often as every second 

day (Jacoby, 1987) - this was considered to be highly impractical for the 

purpose of this study due to the remoteness of the study sites. Fwthermore, 

grazers would have to be picked off w i ~ o u t  disturbing the cobbles, which in 

itself could have presented difficulties like trying to find intrudmg insects 

without taking the cobble out of the water. As well, raising cobbles up on a 

platform could affect the epilithon in a number of ways. The effect of the 

changed flow conditions around the cobbles might affect the growth and 

settlement of epiiithic algae, with faster flow prevailing in the upper water 

layers compared to down on the stream bed. In creeks with a shallow flow 

regime for extended periods of time (which was the case in this study) this 

method is probably most inappropriate since the danger of the cobbles 

emerging out of the water during periods of low flow would have to be 

considered. On the other hand, periods of high flow could threaten the stability 

of the raised support structures. Having considered all of the beforementioned, 

this technique for manipulating grazing invertebrates on cobbles was 

considered to be unsuitable for use in both Stony and Booloumba Creeks. 

Secondly, applying a physical barrier around the circumference of 

cobbles was examined. A number of trials using this method were performed 

using petroleum jelly as a barrier substance which, it was hoped, would 

prevent crawling grazers from reaching the "grazer-fie" upper half of selected 

cobbles. After picking all invertebrates off a number of cobbles, the petroleum 

jelly was applied either directly onto the cobbles as a thin band wound their 

circumferences or, in another trial, onto a wide rubber band stretched arwnd 



the same (cf McAuliffe, 1984a, who appiied petroleum jelly barriers onto 

wide rubber bands stretched around bricks in order to exclude the grazing 

caddisfly larva Clossosoma Curtis from the upper surfaces). Cobbles were 

then replaced onto the stream bed. However, at the end of the trial period it 

was noted that crawling insects had been able to negotiate the barrier strip. 

Another variation to the above method was the application of a thin band of 

'TanglefootTM' on some cobbles. This product is a commercially available 

clear viscous substance designed to prevent the advaneenlent of crawling 

insects on h i t  trees, etc., by entrapping them due to its extreme stickyness. It 

is waterproof and retains its viscosity for a long period of time. Overall, this 

method did show more promise than the petroleum jelly, witb no insects 

traversing the barrier strip. The effectiveness of 'Tanglefootmy was evidenced 

by entkpped insects on some cobbles. The advantage here too, was that after 

treating cobbles were replaced on the stream bed in similar flow conditions 

from which they were taken. However, as in the previous method, drifting 

insects settling on the upper surface could present a problem, even though at 

the end of the trial period no insects were discovered on any of the cleared 

cobbles. McAuliffe (1984~) noted in his study that drifdng insects like mayfly 

nymphs were able to colo~lize the upper surfaces of bricks treated with a 

petroleum jelly barrier. 

In the case where barrier substances were applied 'directly to cobble 

surfaces, difficulties in h m b g  the cobbles and processing for chlorophyll a 

and biomass presented major problems. 

It was hoped that this problem would have been overcome by using 

rubber bands so no barrier substance had contact with the cobbles. However, 

they did not confornl to all irregularities and tended to slip off the cobbles 

after a short time. In the case of the exclusion experiment by McAutiffe 

(1984a), the rubber band and petroleum jelly barriers worked effectively in 

preventing access to crawling Glossosom larvae. While this exclusion method 



might well be suitable for uniformly shaped bricks, it does not appear to be 

suited for use on irregular cobbles. 

Another point to consider is that if using a petroleum jelly barrier, only 

the upper half of a cobble is usable for experimental purposes which might not 

be representative of the d o l e  cobble at all, with some epilithic algal species 

growing on the shaded sides close to the stream bed. 

Lastly, perspex cylinders with their ends screened off were considered - 
this was the method employed in this project. Among the authors who have 

used screen-enclosed receptacles to manipulate grazer densities are Murphy 

(1984) who placed cobbles in plastic containers which had their sides and 

bottom replaced with screening of 280 pm mesh size, Feminella and Resh 

(1990) who constructed enclosures for bricks made of polyethylene food 

con&ers with 1.0 mm mesh at each end, McCormick and Stevenson (1991b) 

who used microscope coverslips in glass containers with 2 mm nylon netting 

to exclude grazers, Martin et al. (1991) who chose @ass cylinders 'with their 

ends screened off by using 1 mm nylon mesh (the mesh held in place with 

rubber bands) to contain clay tiles in their grazer manipulation experiments, 

and Dudgeon and Chan (1992) who constructed plastic cages screened with 

4.0 mm mesh to enclose quany tiles. 

However, in this stucty it was decided against the use of glass cylinders 

in the creeks due to the obvious danger of breakage during spates and 

transportation. 

By placing experimental cobbles in the mesh-enclosed perspex 

cylinders it was certain that of dl the methods optimal grazer exclusion / 

inclusion was provided. There was no possibility of added grazers drifting or 

being swept off a cobble as could have been the case in dl the other methods. 

In addition, the cobbles were situated close to the stream bed and the setup 

was suitable for low flow (shallow) environments. Protection against increased 

flow was available by securing the chambers with rocks on either side. The 



only deficiency was concerning flow rates through the chamber. This would 

have been reduced to some degree by the screening at the ends, however after 

evaluating all techniques discussed here, it was thought that overall the 

benefits of the perspex chamber method outweighed this drawback. 

6.3.2 A Construction of experimental cylinders 

Depending on the treatment required, grazing invertebrates had to be 

added to or excluded from the experimental cobbles. To achieve this, 40 

perspex cylinders were constructed in the following way: the completely 

transparent perspex tubing used was supplied in 2.0 metre lengths 

(manufactured by Rohm GmbH, Dannstadt, Germany). The inside diameter of 

the tubing was 127 mm, with a wall thickness of 3.0 mm. Sections 20 cnl in 

lengthwere cut from the tubing to make up the experimental cylinders. The 

ends were sanded so that no sharp edges remained. The cylinders were then 

prepared for experimental use by engraving a unique code in the wall of each. 

For the purpose of screening the ends of the cylinders, 1.0 mm mesh size 

nylon gauze (No. 20GG, supplier: Swiss Screens, Brisbane) (cf. Ferninella and 

Resh, 1990; Martin et a]., 199 1) was used - cut into circles approximately 3.0 

cnl larger than the outside diameter of the cylinders. This was considered to be 

the most applicable mesh size because while it prohibited movement of d l  but 

the most minute of invertebrates (which in any case would not be very decisive 

in affecting the epilithon standing crop), it also did not clog up too easily with 

suspended floating matter carried in the streams. In a preliminary field trial, 

several perspex cylinders were screened using 0.5 mm mesh. W i h  a matter 

of five days, an almost solid layer of suspended organic matter was blocking 

the mesh, severely ithibiting flow through the cylinder. Another advantage of 

the 1 mm mesh was that its construction was more sturdy than that of smaller 



mesh sizes; this was also taken into consideration since a frstgile netting could 

have suffered damage by floating debris more easily. 

The screening was held in place by means of rubber bands (cf. Martin 

et al., 1991) with a lay-flat length of 100 mm and a width of 12 mm. In order 

to prohibit the screening from slipping off a cylinder, a rubber band was 

placed around each end, directly on to the cylinder surface. This acted as a 

"non-slip" support for the screening; previous trials had shown that direct 

contact of the nylon mesh with the perspex offered little slip resistance. Each 

nylon mesh was held in place on the cylinders by means of two rubber bands 

(Fig. 6.1). Any excess mesh was trimmed close to the rubber bands so as to 

prevent floating debris becoming caught in it and the mesh being frayed. 

Eg. 6.1. Construction of perspex chambers used in grazer manipulation experiments. 



6.3.2 B Selection and preparation of cobbles 

The methodology for selecting and preparing cobbles was the same in 

both Booloumba and Stony Creeks. Two series of experiments were run in 

each creek at the same time: 

1) experimental cobbles selected from the main channel creekbed, in 

flowing water. 

2) experimental cobbles selected from high up the creek bank, i.e. rocks 

that had been out of the water since the last major flood event. 

h was decided to expose these experimental cobbles to two different 

treatments: 

a) grazed, with ten gazing invertebrates on each cobble, five replicates. 

b) ungrazed, with aU invertebrates removed fFom each cobble, five 

replicates. 

The coding used to identrfjr the cobbles of different origin and with 

different gazing treatments is sllmmarised in Table 6.1. 

TABLE 6.1. Coding schedule for cobbles used in the grazer manipulation experiments. DRY = cobbles 

collectedfiom stream bank, S'lXEAM = cobbles collectedfiorn rifle area. 

Cobbles were selected at random by tossing a metal 1 m rule into the 

creek (or, in the case of "dry" cobbles, on to the bank of the creek) and 



selecting the cobble closest to the "0" marked end. However, the size of the 

cobbles was limited by the dimensions of the perspex cylinders; io the case 

where a cobble was too large to fit inside a cylinder, the rock was discarded 

and a new one selected as mentioned before. 

Once selected, all invertebrates were picked off each I-ock. After this 

was done, the rocks were brushed over lightly by hand to dislodge any detritus 

or sediment layers present. Lastly, the rocks were rinsed in the creek. 

Previous nlicroscopic examination of the gut contents of stone-cased 

caddisfly larvae had shown that their diet consisted for the most part of 

diatoms of the following genera: Rhoicosphenia Grun. (very common), 

Navicrtla Bory (comnlon), Cacconeis Ehr., Synedra Ehr. (rare) and 

Gomphonerna Ehr. (rare). Thus, for all "grazed treatments, stone-cased 

caddisfly larvae of the genus T'iagma, were used as the herbivore (this 

species is as yet undescribed, with its holotype being Tcrsiagma ciliata Neboiss 

from Tasmania; these caddisfly larvae are distinguishable from others by their 

more or less trapezoid case incorporating coarse sand particles). The larvae 

were collected &on1 cobbles and boulders in the creek and placed into a large 

collecting jar filled with streanl water. Only caddisfly larvae which were as 

close as possible to the same size class were selected for each of the inclusion 

/ exclusion experiments. In the case of cobbles in the 6-1 to 6-5 and G-1 to G- 

5 treatments, ten caddisfly larvae were placed onto each of the designated 

upper surfaces of the selected cobbles. In most instances, the caddisfly larvae 

started to move across the surface of the rock within a matter of seconds of 

being placed there. Those that did not start to move after approximately one 

minute were replaced to ensure that only actively mobile and grazing larvae 

were used. Thus it was ensured that no larvae had been selected which were 

dead or about to pupate. Each cobble with grazers was then carefully placed 

into a correctly encoded chamber which already had one end screened off. 

After screening off the remaining end as described earlier, the "grazed 



treatment cylinders were lowered into the creek very slowly so as not to wash 

any gazers off the cobbles. 

Cobbles which were part of the cbmd" treatments were prepared as 

described above with all grazers removed and, after being rinsed in creek 

water, were placed directly into the perspex cylinders, the ends were screened 

off and they were then placed into the creek. 

Locations for the cylinders in the creek were chosen at random in a 

semi-shaded part of both Booloumba and Stony Creeks. Experimental 

cylinders were exposed to full insolation during the middle of the day, with the 

riparian vegetation providing shade during other times. All cylinders were 

aligned with the direction of flow in the creek. This allowed water to flow 

through the cylinders, however, as already mentioned earlier, the rate of flow 

in the cylinders was reduced to some degree by the screening effect of the 

mesh. All cylinders were submerged in water throughout the lengths of the 

experiments. In order to stabilize the experimental cylinders and keep them 

from being dislodged by a possible increase in flow, smaller cobbles were 

wedged against the chambers along the sides (Fig. 6.2). During the course of 

each experiment the cylinders were maintained regularly by carefblly cleaning 

their outside surfaces and the nylon meshing to inhibit any large buildup of silt 

or debris deposits which could have affected flow and / or insolation. 

At the end of each experiment, all cylinders were retrieved in the 

folIowing way: each chamber was carefully raised out of the water and the 

screening at one end was removed. Each cobble was then taken out of its 

experimental cylinder and all grazers were counted (on the "grazed" treatment) 

and removed. Furthermore, the enclosed cobbles were scrutinized for the 

possible presence of any "intruders" - i.e. invertebrates which had managed to 

make their way through the mesh screening the ends of the cylinders. In this 

regard, special attention was given to cobbles subjected to the "ungrazed" 

treatment. After having been thoroughly checked, each cobble was placed into 



Fig. 6.2. Perspex chambers used in the grazer manipulation experiment in Stony Creek. 



a tough plastic bag which was filled with enough creek water to just wver the 

cobble. A label containing all necessary treatment information was also added. 

All plastic bags were then sealed and placed onto ice blocks in a dark, 

insulated container for transport back to the laboratory. The cobbles were 

packed so that there was minimal chance of two or more rubbing together, as 

this might have dislodged some of the epilithon. Once back in the laboratory, 

the cobbles were left on ice in the container until processing on the next day. 

Chlorophyll a, biomass and cobble surfitce area methods were employed as 

described in sections 3.3.2 B to 3.3.2 F. 

The seven grazer manipulation experiments conducted, together with 

the respective treatments applied, are smar i s ed  in Table 6.2. 

TABLE 6.2. Summary of grazer manipulation experiments. SC = Stony Creek, BL = Booloumba 

Creek, 0 = no grazers (cobbles t&nf;om rifle area), U = no grazers {cobbles taken fiom stream 

bank), 6 = grazed (cobbles takenpom nJ7e area), G = grazed (cobbles takenf;m stream bank), 

* BL cylinders desbwyed due to satereflood event. 

One of the main problems with these series of experiments was to get 

the "timingn right, i.e. to start the experiments when there was sufficient flow 

and water depth in the creeks so that the cylinders were submerged for the 



length of the experiment. Towards the latter part of this study flow in the 

creeks was affected by a period of prolonged drought (Fig. 3.3) which resulted 

in even some of the larger pools in the creeks drying out. At the other extreme, 

a major flood event during the course of an experiment presented a real danger 

of the cylinders being washed down the creek or at least being tumbled to such 

an extent that the cobbles could not be used for experimental analysis. In fact, 

this happened in Booloumba Creek in the last of the experiments. Another 

factor which had to be overcome was vandalism. One whole experiment in 

Stony Creek was lost by damage to all cylinders due to vandalism. 

6.3.3 Analysis of data 

In the case of temporal data, correlation analyses were employed to 

determine the strengths of any associations (or interdependences) which may 

have existed between the density of invertebrate grazers and chlorophyll a and 

biomass values of algal assemblages on cobbles &om both streams: Epilithon 

chlorophyll a and biomass data used in this part were the same values as 

obtained in Chapter three. Scatter plots were used to further illustrate any 

relationships between the data. Further scatter diagrams were employed to 

depict any obvious trends in the number of total grazers versus the number of 

days passed since the occurrence of the last spate. Where necessary, the data 

were log-transformed. 

Furthermore, the number of total grazers were plotted against a time 

scale to detennine my relevant temporal trends, especially in relation to the 

incidence of major spates (as described in chapter three). 

In order to be able to recognize any obvious trends in the results of the 

grazer manipulation experiments, mean values of chlorophyll a and biomass 

for each of the experiments were calculated fiom the relevant data (n = 5) as 

obtained under the various treatments (ref. to section 6.3.2 B). The data were 

then plotted in the form of bar graphs indicating standard deviations. 



For the purposes of investigating any significant statistical differences 

in the results between the two grazer treatments (gazed or no grazers), the 

origin of the cobbles ("stream" or "dry"), season (January vs. June, 

experiments one and two) and the experimental site (Stony or Booloumba 

Creek) and their interactions, d y s e s  of variance were employed as the 

statistical tool as summarised in Table 6.3. Where necessary, data were log- 

transformed to stabilize the variances and Mf2.l the assumptions of ANOVA. 

TABLE 6.3. Summary of the statistical analyses applied to data obtained in the grazer 

manipulation experiments. SC = Stony Creek BL = Booloumba Creek; 0 = no grazers (cobbles 

takenJrom rifle area), U = no grazers (cobbles taken fiom stream bank), 6 = grazed (cobbles taken 

Jrom rifle area), G =grazed (cobbles takenpom stream ban@ 

Season, grazer density, interactions 

Site, grazer density, interactions 
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5 
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SC&BL 

SC&BL 

SC 
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Site, grazer density, cobble origin, 

interactions 

Grazer density, cobble origin, interactions , 



6.4 RESULTS 

6.4.1 Temporal patterns of grazers 

In general, densities of grazers on cobbles which were part of the 

monthly sampling program were significantly different between Stony Creek 

and Booloumba Creek, with cobbles in Booloumba Creek supporting fewer 

invertebrate grazers per 500 cm2 than those in Stony Creek (ANOVA, df = 27, 

F-ratio = 5.002, P-value = 0.033, at a = 0.05). 

Invertebrate grazer numbers on cobbles were reduced by the effects of 

high discharge events, with the lowest numbers of grazers in both Stony Creek 

(Fig. 6.3A, B) and Booloumba Creek (Fig. 6.3C) associated with times of 

increased stream flow as a result of spates. This was particularly highlighted in 

Stony Creek during the k t  five months of both 1990 and 1991, which were 

brought into prominence by periods of high rainfall and a number of high 

discharge events (Fig. 6.3A). 

In both Stony and Booloumba Creeks the highest grazer numbers were 

recorded during the absence of spates, as was the case with chlorophyll a and 

biomass values. However, with the onset of reduced flow conditions due to 

drought from the end of 1992 until the end of the study, grazer nwnbers fell in 

conjunction with cfilorophyll a and biomass values (Figs. 3.6, 3.7, 6.3). It is 

interesting to note that in 1992, the highest number of grazers in both creeks 

occurred in the same month, specifically September (Fig. 6.3B, C); this month 

also featuring relatively high epilitbic chlorophyll a and biomass values in 

both streams (Fig. 3.6B, C). 

The highest values of chlorophyll a and biomass in Stony Creek were 

recorded during times of very low grazer numbers and the absence of any 

physical disturbance (Figs. 3.6A, 3 . 7 4  6.3A), while Iow chlorophyll a values 

were recorded in the presence of high grazer numbers, however, biomass 

values increased during that period (Figs. 3.6B, 3.7B, 6.3B). 
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Fig. 6.3. Total invertebrate grazers on cobbles in: A) Stony Creek during 
1990 / 1991 and B) 1992 / 1993, C) Booloumba Creek during 1992 / 
1993 (+I- 1 standard deviation, n=10). Arrows indicate spates. 



In Booloumba Creek, a .  increase in grazer numbers was recorded on a 

sampling date which featured high chlorophyll a and biomass values (Figs. 

3.6C, 3.7C, 6.3C). 

6.4.2 Correlation analyses 

The results of correlation analyses are summarised in Table 6.4 blow; 

the relevant scatter diagrams of the data are presented in Figure 6.4. The only 

significant positive correlation was shown in the case where grazer numbers 

and chlorophyll a values in Stony Creek were analysed (P = 0.01 1) (Fig. 

6.4A). No si@cant relationships were shown between the data in any of the 

other analyses. 

TABLE 6.4. Summary of correlation analyses including monthly grazer data (# Stony Creek; * 
Booloumba Creek; all data log-transfmed; a = 0.05). 

Figure 6.5 shows the scatter plots of grazer numbers versus days post- 

spate. Overall, grazer numbers were lower following a spate. However, post- 

spate changes in grazer numbers in 1992 in particular were very distinct and 

followed a very similar pattern in both Stony and Booloumba Creeks, with 

numbers depleted by the spates and then gradually increasing with time. The 

fall in grazer numbers in Stony Creek in 1991 occurred 180 days after the last 
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Fig. 6.4. Scatter diagrams of A) & B) chlorophyll a and C) & D) biomass 
with the total number of invertebrate grazers in Stony Creek (SC) and 
Boolournba Creek (BL). All data log-transformed. 



Days since last spate 

Fig. 6.5. Scatter diagrams indicating year-spedic changes in the total number 
of invertebrate grazers (log-transformed data) in relation to days since the 
occurrence of the last spate (to a maximum of 280 days post-spate) in A) 
Stony Creek and B) Booloumba Creek. 



spate and was obviously caused by a factor other than high flow (e.g. depletion 

of food source, age structure of guild) (Fig. 6.5A). 

6.4.3 Grazer manipulation experiment 

6.4.3 A General 

Examination of cobbles subjected to the ungrazed treatments at the end 

of all grazer manipulation experiments showed no signs of any grazers which 

had succeeded in accessing the cylinders through the nylon mesh screening. 

Checks of the ten caddisfly larvae applied to the cobbles in the grazed 

treatments at the end of each experiment revealed that while all could be 

accounted for and were alive, there were some cases where larvae had pupated 

on the cobbles. Most caddisfly larvae were still found to be moving about on 

the experimental cobbles, however in some instances a few individuals had 

actually left the cobbles and had to be removed from the inner wall of the 

perspex cylinder (despite it having a rather smooth surface). Thus no real 

problems were encountered with keeping grazers in and excluding grazers 

$om the experimental cylinders. 

6.4.3 B Chlorophyll a and biomass values 

Mean chlorophyll a and biomass values of epilithon on the 

experimental cobbles employed in each of the grazer manipulation 

experiments are swnmarised in Figure 6.6 (Stony Creek) and 6.7 (Booloumba 

Creek). 

The relatively high chlorophyll a and biomass values recorded in 

experiment one (Stony Creek) coincided with raised values of these two 

parameters observed as part of the regular monthly sampling program in Stony 

Creek (Figs. 3.6; 3.7) after major high discharge events had passed. 

Overall, by examining Figures 6.6 and 6.7, it was expected that there 



3 4 5 

Experiment Number 

Experiment Number 

I SC-0 SC-6 I SC-U sc-G I 
I 

I UNGRAZED GRAZED I UNGRAZED GRAZED I 
IUFFLE STREAM BANK 

Fig. 6.6. Mean vaiues of A) chlorophyll a and B) biomass recorded in the 
seven grazer manipulation experiments conducted in Stony Creek (+I- 1 
SD, n=5). 
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Fig. 6.7. Mean values of A) chlorophyll a and B) biomass recorded in the 
four grazer manipulation experiments conducted in Booloumba Creek 
(+/- 1 SO, n=5). 



were no significant differences between the ungrazed and grazed treatments in 

both streams. However, in the majority of experiments, there appeared to be a 

tendency for mean chlorophyll a and biomass values to be slightly higher in 

the grazed treatments (or level with the ungrazed values). This applied in 

particular to the experiments where cobbles were collected in riffles. 

Results of ANOVAs of both chlorophyll a and biomass data obtained 

fiom all individual experiments showed that in Stony Creek @g produced 

statistically significant effects in only two cases: in experiment number one, 

chlorophyll a values were signrficantly higher in the grazed treatment 

compared to the ungrazed treatment (P = 0,022), while in experiment number 

two, biomass values of the grazed treatment were sigdicantly higher than 

those of the ungrazed treatment (P = 0.014). The effects of grazing were 

marginally sirmlficant in experiment number four, with chlorophyll a values of 

the grazed treatment higher (P = 0.082) Fig. 6.6). In Booloumba Creek, 

grazing produced a marginally signtficant effect in experiment number three, 

with chlorophyll a values higher in the grazed treatment (P = 0.085), and a 

significant effect in experiment number five, where grazed biomass values 

were significantly higher than ungrazed values (P = 0.047) (Fig. 6.7). 

The results of all ANOVAs applied to the experimental data, as listed in 

Table 6.3, are summarised in the following paragraphs (in each case, a = 

0.05): 

For experiments one and two, seasonal effects on chlorophyll a values 

were significant (P < 0.001) with values in the experiment run dwing summer 

(experiment three) lower than those of the one set up during winter 

(experiment two). The effects of grazing were also significant, with higher 

chlorophyll a values in the grazed treatment (P = 0.008). The interaction 

between grazing and season was significant at P = 0.055. Biomass values were 

significantly lower in the experiment performed during summer (P = 0.018), 

while values obtained in the grazed treatments were higher than those with no 



gazers (P = 0.028). In the case of biomass, no statistical significance was 

shown in the interaction between grazers and season (P = 0.403). 

Experiments three and four were analysed for differences between the 

two streams, grazer density and the relevant interactions. Overall, chlorophyll 

a values were significantly higher in Stony Creek (P < 0.001). No differences 

were shown between the grazed and uupzed treatments (P = 0.297) or the 

interaction between grazing effects and the streams (P = 0.562). The above 

pattern was repeated for biomass, with no significant differences between the 

effects of grazing (P = 0.761) and the interaction between grazing and streams 

(P = 0.473). However, differences in biomass values between the two streams 

were highly si@cant, with those obtained in experiments in Booloumba 

Creek consistently higher than those in Stony Creek (P < 0.001). 

ANOVAs on the biomass values obtained in experiments five and six in 

Stony Creek revealed no significant differences between biomass values of 

epilithon on cobbles collected from the stream bank and on those collected in 

riffles (P = 0.197), between grazed and ungmzed treatments (P = 0.960) and 

between the interactions of grazing and cobble origin (P = 0.671). Regarding 

chlorophyll a, the values of epilithon on stream bank cobbles were 

significantly lower than those of epilithon on riffle collected cobbles (P < 

0.001). However, grazing effects (P = 0.791) and interactions between grazing 

and cobble origin (P = 0.864) did not show signrficant differences. In 

Booloumba Creek, biomass values were sigruficantly lower in the case of 

cobbles which were initially collected on the stream bank (P = 0.003). Grazer 

treatments did not result in differences in biomass values (P = 0.450), as did 

the interaction between grazers and cobble origin (P = 0.314). A marginal 

significance was shown in chlorophyll a values between epilithon on stream 

bank collected cobbles and riffle collected cobbles, with values lower in the 

case of cobbles taken from the stream bank (P = 0.078). No sigdlcant 

differences were shown between grazer treatments (P = 0.828) and the 



interactions between grazers and cobble origin (P = 0.797). When comparing 

the biomass data obtained in both streams, signdicances were shown in 

Booloumba Creek where values were higher in the case of both cobbles 

collected in riffles (P < 0.001) and from the stream bank (P = 0.026) than in 

the respective treatments in Stony Creek. The reverse applied in the case of 

chlorophyll a, where significantly higher values were obtained from epilithon 

on both stream bank cobbles (P < 0.001) and d f le  cobbles (P < 0.001) in 

Stony Creek. 

The last analysis examined the effects of grazer density and cobble 

origin in Stony Creek only (experiment seven). Chlorophyll a values were 

significantly lower in the case of stream bank collected cobbles than in the 

ri£€le collected cobbles (P = 0.003). However, grazing effects (P = 0.570) and 

the interactions between grazing and cobble origin (P = 0.292) were not 

signrficant. There were no significant differences in epilithon biomass values 

between stream bank and riffle collected cobbles (P = 0.8233, grazing 

treatments (P = 0.273) and the interactions between grazing and cobble origin 

(P = 0.307). 

6.5 DISCUSSION 

6.5.1 Temporal patterns of grazers in relation to periphyton 

Invertebrate herbivores in Stony and Booloumba Creeks do include 

periphyton as part of their food intake, with diatom hstules and other algal 

fkagments making up a large part of their diet, as examination of gut contents 

of grazers fiom both streams had shown. The occurrence of grazing by 

herbivorous invertebrates on periphyton has been -discussed by numerous 

authors, many of which stressed the importance of this process. Past studies 

dealing with this subject include the ones by Mecom (1972), Hart (1981), 



Lamberti and Resh (1983), Hart (1985), Vaughn (1986), Jacoby (1987), 

Peterson (1987), Feminella et al. (1989) and Martin et al. (1991), with the 

majority of these examining the effects of herbivory by caddisfly and mayfly 

larvae. 

As was the case with epilithon (cf. chapter Wee), numbers of grazing 

invertebrates were also reduced by spates, as has been reported in earlier 

studies (e.g. Fisher et al., 1982; Feminella and Resh, 1990). For example, one 

can look at Stony Creek following the high discharge events in the first half of 

1992. This period illustrated the relatively high susceptibility of mobile 

invertebrate grazers to spates, with grazer numbers declining following the two 

high discharge events and increasing considerably in the absence of 

disturbance (Fig. 6.3). At the same time, epilithic biomass and chlorophyll a 

were also reduced by the spates (Figs. 3.6, 3.7). The monthly field data 

indicated that overall temporal patterns of grazer numbers and chlorophyll a 

values tended to correspond for most of the time, i.e. high chlorophyll a 

corresponded with high grazer numbers (with the notable exception of 1991 

values in April and August). This was supported by the positive sigatficant 

statistical association between chlorophyll a and grazer density (Fig. 6.4A) in 

Stony Creek, the stream featuring highest chlorophyll a values. The above 

indicated a general concomitance of higher grazer numbers and higher 

chlorophyll a values on cobbles, reinforcing the results of chlorophyll a and 

gazer numbers as obtained in the temporal data obtained in the field. This 

result could imply the following: firstly, grazers could have actively searched 

out cobbles with the highest concentration of epilithon or the best quality food 

(grazing caddisfly larvae assemble in areas of high algal standing crop - 
Lamberti and Resh, 1983), which might have been indicated by the higher 

chlorophyll a values due to more active growth of the epilithon. Or, secondly, 

grazers might have been directly stimulating new growth and enhancing the 

productivity of epilithic algae (in particular diatoms) through their continual 



grazing activities, as has been discussed in several papers (e.g. Cooper, 1973; 

Jacoby, 1987; McCormick and Stevenson, 1989). Furthermore, Lambexti and 

Resh (1983) noted that grazing by caddisfly larvae on diatom assemblages 

resulted in a lower algal standing crop which had a high turnover rate (which 

could result in enhanced chlorophyll a levels), thus allowing for the presence 

of high grazer numbers. 

The correlation of high grazer numbers with high chlorophyll a values 

could imply that increased grazer numbers did, in fact, stimulate algal growth. 

Field observations further indicated that in general, lower grazer numbers 

prevailed at low chlorophyll a values. This could have resulted from either the 

grazers being limited by insufficient food resources on cobbles (cf. Grimm and 

Fisher, 1989) or that the absence of, or reduction in, grazing did not 

sufficiently stimulate chlorophyll a production (i.e. low grazer numbers could 

have directly suppressed epilithon chlorophyll a due to a lack of stimulation). 

In the present study, the latter theory is supported by the result that overall, 

chlorophyll a values obtained in the grazer manipulation experiments tended 

to be lower in the ungrazed treatments, including significantly lower values in 

several cases. 

Moderate grazer densities (e.g. as used in the present study) may be of 

benefit to epilithon on cobbles, since grazing activities may actually stimulate 

chlorophyll a production, as shown by results obtained in the grazer 

manipulation experiments. On the other hand, at very high grazer densities, it 

is expected that chlorophyll a values would be low (compared to ungrazed or 

moderate density grazers) due to overgrazing. This has been shown in other 

studies, e.g. Lamberti and Resh (1983) and McAuliffe (1984a). In the former 

paper, the mean density of caddisfly larvae on experimental substrates was 

16167 individuals m-2, resulting in significantly reduced chlorophyll a values, 

while the latter author also reported a decreased abundance of periphyton as 

grazer numbers increased (up to nearly 200 individuals per experimental 



brick). In the present study, no such high densities of grazers were encountered 

in the field. 

From the above one could argue that discharge events which reduce 

invertebrate grazer densities but do not move cobbles, i.e. no physical 

disturbance of the epilithon occurs [for example, the relatively small, isolated 

rainfall event in the middle of July 199 1 (Fig. 3.3) may well be the explanation 

for the drop in grazer numbers at the end of that month], may actually reduce 

algal production because of lack of stimulation by way of grazing, all this 

leading to the assumption that perhaps grazing effects are reversed depending 

on algal and grazer densities. 

Under ideal conditions (i.e. with a disturbance-free period following a 

spate and with moderate grazer numbers present), following a high discharge 

event, epilithic algal assemblages in streams are likely to go through a cycle of 

initial rapid growth (in the presence of newly available space and enhanced 

nutrients), high productivity being sustained by moderate grazing pressure, 

until such time that grazer numbers increase sufficiently to cause overgrazing 

of the algal assemblage and / or senescence of the assemblage occurs. 

The fact that invertebrate grazers on cobbles reached their highest 

numbers during the entire study (except in January 1990) in August and 

September 1992 could perhaps be explained by the enhancement of food 

resources and food quality (new growth of periphyton) at that time as a direct 

result of the flushing and / or nutrient input due to the rainfall event of mid- 

July. It has to be noted that in view of the beginning of the drought period at 

that time, this peak in grazer numbers occurred in the absence of any major 

flood events whatsoever, probably allowing for a number of grazer age classes 

to pass through without interference by disturbances. After the high numbers 

of August and September, a major decline in grazer numbers by 85.7 % was 

recorded in the following month in the absence of any disturbance due to an 



increase in flow. This decrease in grazers could have been the result of a 

combination of factors. 

Firstly, increased grazer densities on cobbles could have led to an 

overgrazing of the epilitbon food resources. Figures 3.6 and 3.7 both show 

increased chlorophyll a and biomass values for August, indicating favourable 

resource conditions for grazers at that time. However, as both of these 

parameters declined thereafter with grazer numbers remahing high during 

September, depression of food resources on cobbles due to overgrazing could 

have certainly been a distinct possibility. 

Secondly, the reduction of grazers could in part have been brought 

about by the direct effects of drought (the onset of drought conditions towards 

the end of 1992 resulted in a severe diminution of stream flow in Stony 

Creek), with grazing invertebrates being stranded or having to retreat into 

remaining pools as surface stream flow receded (cf. Fisher et al., 1982), where 

food resources would be restrictive due to an increase in herbivores. Field 

observations in Stony Creek during this time revealed a large proportion of 

stranded caddisfly lanae and empty caddisfly larva cases on exposed 

boulders. 

While algal assemblages are subjected to grazing at all times (in 

Australia only by invertebrates; gmzin~g by fish on algae has not been reported 

here), developmental stages of guilds of invertebrate grazers would also be a 

determinant of their grazing capacity. Grazing effects could also be masked 

and / or reduced by the effects of physical disturbance. It can be seen fkom 

Figures 3.6A and 3.7A that in Stony Creek the levels of chlorophyll a and 

biomass during the first five and a half months of 1990 were apparently 

controlled by a regime of physical disturbances. Grazers were also severely 

reduced by high discharge events in both streams (cf. e.g. Sousa, 1984), thus 

biological effects on periphyton due to herbivorous invertebrates would not 

have had a major impact during that time. Depending on their severityy spates 



can completely obliterate a resident grazer community or at least reduce the 

number of grazers in a stream. This would open up a grazer-& or grazer- 

reduced "windod' - an opportunity for the algal community, albeit limited by 

time (the time it would take grazer numbers to re-establish to approach pre- 

disturbance levels), to develop in the absence of any or at least under reduced 

grazing pressure. Under idealised conditions (e.g. without any Eurther 

disturbances) grazers would later encounter an abundance of food, allowing 

for their numbers to increase dramatically, until the resources present became 

limited through overgrazing and would not be able to sustain their number, 

resulting in a renewed decrease in grazers. 

However, as grazers are dependent on periphyton as a major food 

source, even if a spate did not directly reduce the number of grazers in a 

stream by a large extent (e.g. they could have sought refuge in boulder 

crevices), algal assemblages removed by tumbling of cobbles and the scowring 

effects of sand and gravel will most probably result in a decline hi available 

food resources and could be the cause for reduced grazer numbers immediately 

following a high discharge event. As the incidence of spates in a stream 

subsides and stream flow reverts to base flow conditions during a drier season, 

it is then that grazing could have a major controlling effect on algal standing 

crop. 

On the whole, results obtained in this study indicated that invertebrate 

grazers appeared to be relatively resilient following a spate. This becomes 

apparent if looking at the scatter diagrams showing the number of grazers in 

relation to days post-spate (Fig. 6.5). Grazer numbers were affected by high 

discharge events to varying degrees. This can be seen by some of the lowest 

grazer counts in the period up to thuty days following a spate (e.g. 1992; Fig. 

6.54 B), while in some years high grazer numbers recovered quickly after the 

discharge event, within ten days post-spate (e.g. 1990, Fig. 6.5A). In 

conjunction with similar low values shown for chlorophyll a and biomass in 



both streams in relation to days post-spate for 1992 (Figs. 3.12, 3.13), these 

results would indicate that the hgh discharge events at the beginning of that 

year must have had a major impact on the stream flora and fauna. 

Interestingly, the decline in grazer numbers in the 1991 data at approximately 

100 days post-spate (Fig. 6.5A) corresponded with a similar fall in chlorophyll 

a values for the same year (Fig. 3.12A). A "crash" in invertebrate numbers was 

also noted by Grimm and Fisher (1989) in their study at around 60 days post- 

spate - they were able to correlate this with a reduction in dissolved nitrogen in 

their study stream. In the present study, however, it appears as though these 

declines were a result of a reduction in stream flow, as suggested by the sharp 

drop in logger pool depth at the end of 199 1 (Fig. 3.4A). 

As already discussed in chapter three, major disturbance events in the 

form of floods can affect epilitkic algal communities and guilds of grazers on 

cobbles by scouring and tumbling of the cobbles, thus completely removing or 

at least reducing algal material. Both in Stony and Booloumba Creeks, 

chlorophyll a, biomass and gazer results bear witness to this: in all cases, 

these values were highest in the absence of any major disturbance events. 

6.5.2 Grazer manipulation experiment 

A number of studies have in the past have dealt with the subject of 

invertebrate grazing on periphyton assemblages under conditions where grazer 

densities were experimentally manipulated, with most authors coming to the 

conclusion that aquatic invertebrates are capable of reducing the standing crop 

(chlorophyll a and biomass) of periphyton assemblages in streams (e-g. 

Lamberti and Resh, 1983; McAuliffe, 1984~; Hart, 1985; Jacoby, 1987; Hill 

and Knight, 1987 & 1988; Hart et al., 199 1; Kohler, 1992). 

Hill and Knight (1987) reported that grazing by the mayfly larva 

Arneletus validus McDunnough reduced the standing crop of stream 

periphyton, while in another study the same authors observed that grazing by 



the caddisfly larva Neophyim McLacMan swficantly limited the biomass of 

diaiom assemblages (Hill and Knight, 1988). McAWe (19840) also noted a 

sigd-kant reduction in diatoms on introduced substrates which were subjected 

to invertebrate grazers, in this case the caddisfly larva Glossosom. An 

experiment where grazers (caddisfly Helieopsyc?~ borealis Hagen) were 

excluded from introduced substrates is detailed in Lmberti and Resh (1983): 

they found that biomass and chlorophyll a values were signrficantly higher in 

the ungrwed treatments compared to the grazed treatments. Kohler (1992) also 

observed that periphyton biomass d u e s  were higher in treatments where 

Glossosoma larvae were excluded. In the study by Douglas (1958), a negative 

correlation due to grazing was obtained between assemblages of the diatom 

Achnanthes Bory and numbers of the caddisfly larva Agupefus fwcipes Curtis. 

While all of the above detail how algal biomass and chtorophyll a 

values are reduced by grazing activities, this was not at aU observed in the 

present study. As can be seen from the data obtained in the present research, 

results comparable to those obtained in the studies listed above were not 

shown in any of the experiments performed. Instead, the overall data obtained 

in Stony Creek and Booloumba Creek suggested that grazing by stone-cased 

caddisfly larvae (Tmiagma) caused a reverse effect on the standing crop of 

periphyton on cobbles fie.  chlorophyll a and biomass) to that detarled in the 

above studies: overall, grazing by caddisfly larvae on epilithon resulted in an 

increase in chlorophylf a and biomass values. In two previous studies the 

effects of grazing on periphyton were examined and comparable results 

obtained. One was conducted by Murphy (1984), where it was noted that 

when invertebrate grazers were excluded from cobbles in the freshwater 

reaches of the study stream, no Werences in biomass and primary production 

were recorded between periphyton samples fiom surrounding areas (= grazed) 

and the screened, ungrazed treatments. However, it has to be taken into 

account that in this experiment the so-called "grazed treatment was not 



controlled in any way, i.e. densities of gazers were not kept at uniform levels 

for the duration of the experiment. The second study, by Kehde and Withm 

(1972), examined the grazing effects of snails on periphyton in laboratory 

streams. They noted that grazing by snails significantly increased periphyton 

chlorophyll a levels, while not ai3ecting ash-free dry weight and only 

minimally reducing standing crop. 

If looking at the graphs showing mean values of the data obtained in the 

grazer manipulation experiments for all individual experiments, the majority of 

results generally suggested that, at least for low chlorophyll a levels, grazing 

by caddisflies may actually increase chlorophyll a and algal biomass (Figs. 

6.6, 6.7), even though in both streams statistical significance between grazed 

and ungrazed treatments was shown in only one of each of the experimental 

series. 

To this effect it has been observed in previous research that grazing can 

in fact, under certain circumstances, enhance the standing crop of jKriphyton 

in streams (M. E. Power, pers. communication) and primary productivity 

(Power et al., 1988). Furthermore, Lamberti and Resh (1983) observed a 

higher turnover rate of periphyton which was exposed to gazing by caddisflies 

mowever, Jacoby (1987) noted that &ere was no difference between the 

turnover rate of grazed and ungrazed periphyton]. 

It could be argued, for instance, that in the case of the treatment 

subjected to grazing pressure, the activities of invertebrate grazers could have 

actually promoted new algal growth (e.g. Jacoby, 1987; McConnick and 

Stevenson, 1989). This could have been effected in a number of ways, 

including the selective removal of senescent or inert algal cells which can 

actually decrease the productivity of an algal assemblage (Lamberti and Resh, 

1983; cf. also Jacoby, 1987), and thus providing space for new periphyton 

colonization (however, the "palatability" of senescent / mature cells to grazers 

as compared to more recent growth would have to be considered here). New 



patches created by grazing in general would then have been available for 

regrowth. In this case, the fast growing algal cells may have yielded higher 

chlorophyll a values as compared to the established algal colonies on the 

ungrazed cobbles. Thus grazing may have stimulated new algal growth and 

primary productivity (e.g. Cooper, 1973; Jacoby, 1987; Lamberti and Resh, 

1983) and hence also account for the increase in biomass, whereas in the 

ungrazed treatments the algal assemblages might have reached their growth 

peak shortly after being enclosed in the cylinders and senescence might have 

set in with a resulting decrease in productivity. 

Furthermore, grazing activities could have possibly reduced siltation of 

the algal assemblages in the grazed treatments, either by way of grazers 

ingesting silt particles during food uptake and / or by physically disturbing the 

silt layer, which could have infiltrated the diatom stratum, through their 

movements. Another possibility of enhancing primary productivity of 

periphyton in the grazed treatments could have been by way of nutrients being 

introduced directly to the algal assemblage through the waste products of 

grazers and by grazers removing overstorey algal species which could have 

inhibited productivity in the thicker layer below (Lamberti and Resh, 1983). 

Jacoby (1987) also observed fewer overstorey algae in grazed periphyton. 

It appears from results obtained here that seasonal factors have to be 

taken into account when looking at grazing effects on chlorophyll a and 

biomass, as was shown by the lower values of these parameters during summer 

and the sigmficance of the interaction between grazer treatments and season. 

Differences between the grazed and ungrazed treatments were significant in 

experiment two (winter). One explanation for this apparent seasonality and 

grazer interaction could perhaps be found in the species composition of the 

epilithon, with some algal species preferentially grazed by caddisfly larvae 

present on cobbles only during certain times of the year (e.g. winter) and that 



the enclosed gazers concentrated feeding on these, thus enhancing the 

productivity, as discussed in the earlier paragraphs. 

As observed in chapter three for temporal patterns of chlorophyll a and 

biomass, the grazer experiment results also showed significant differences in 

the scale of these values between the two streams, with biomass values higher 

in Booloumba Creek and chlorophyll a values higher in Stony Creek, thus 

providing further evidence that there was a sigdicant site difference in the 

values of these parameters. 

The origin of the experimental cobbles (i.e. riffle collected or stream 

bank collected) was used to determine whether grazing suppressed algal 

colonization on "bare" cobbles or not. The results for Stony Creek indicated 

significantly lower chlorophyll a values (and thus primary productivity) of 

periPhyton on uncolonized cobbles fiom the stream bank than those fiom 

riffles, with grazing in this case not having any significant effect. UnIike 

cobbles collected fiom n'_ffles, those collected "dry" fiom the stfeam bank 

would have been mostly devoid of diatoms and other algae, having been 

desiccated since the .time of the last major spate that would have brought the 

water level over the stream bank (diatoms have a low survival resistance to 

desiccation, e.g. Douglas, 1958). Thus a colonization pattern similar to that on 

bare substrates would be expected to follow a subsequent immersion in water. 

It was expected that in the "stream bank I grazed treatment", caddisfly larvae 

would have removed a large proportion of any newly establishing algae, thus 

leading to lower chlorophyll a d u e s  compared with cobbles of the same 

origin subjected to the mgrazed treatment. This, however was not the case, 

with no sigm6cant differences between the grazed and ungrazed treatments, 

leading to the supposition that either periphyton colonization in general 

progressed at a slower rate than anticipated and did not develop sufficiently in 

the time they were immersed in the streams for grazers to make any impact, or 



that the algal species which were the primary colonizers were not suitable as 

food for grazers. 

In Booloumba Creek, stream bank collected cobbles were significantly 

lower in biomass, this result would have been most probably due to the 

absence of sponges, chironomid tubes and silt on these cobbles, all of which 

were present on riffle collected rocks. As in Stony Creek, chlorophyll a d u e s  

were lower in the case of cobbles collected fiom the stream bank, however this 

was only a marginal significance (as discussed in Chapter three, there 

appeared to be no relationship between chlorophyll a and biomass values in 

Booloumba Creek). 



CONCL USIONS 



7.1 DISTURBANCE FROM SPATES 

In this work it has been attempted to detennine the importance of spates 

on epilithic algal communities in rainforest stream ecosystems. The results 

obtaiaed by monitoring temporal patterns of periphyton were in general 

agreement with past studies (e.g. Siegfried and Knight, 1977; Fisher et al., 

1982; Power and Stewart, 1987): it has been demonstrated in the present work 

that discrete physical disturbance events in the form of spates reduce both 

algal and grazer assemblages on cobbles. Even though high discharge events 

tend to occur on a relatively infrequent basis, their ability to almost always 

cause major damage and restructuring of the stream flora and fauna makes this 

the most important type of disturbance in streams. However, compared to 

desiccation and grazing (which take place over a longer period), spates 

produce much more discrete and "sudden" effects on a stream community. 

Men looking at the effects of spates, the physical characteristics of 

streams (e-g. channel slope, substrate consistency) have to be taken into 

account (cf. Resh et a]., 1988). These features would finally detennine the 

increase in depth required until stteam bed material is moved by the water due 

to the effects of tractive force. As was shown in the present case, a spec&c 

increase in depth in one stream (e-g. Stony Creek) which results in cobbles 

being moved, does not necessarily result in the same effects in another stream 

(e.g. Booloumba Creek). Even though the two streams examined here featured 

different physical characteristics, the stream flora and fauna were affected in a 

similar pattern by high discharge events - both chlorophyll a and biomass of 

epilithon on cobbles were reduced by spates. 

Not only did Stony Creek and Booloumba Creek differ in their general 

physical features, but it was revealed that despite its less fjrequent disturbance 

regime due to major spates and continuous flow (even during periods of 

drought), cobbles in Booloumba Creek supported fewer algae than cobbles in 



Stony Creek, instead supporting a higher biomass constituent of non-algal 

origin at all times. This was composed m d y  of freshwater sponges, 

chironomid tubes and a substantial silt / detrital layer, dl evidence of slower 

flow and an infrequent occurrence of major physical distuit>ances. On the 

above evidence alone, it could be argued that the more frequent high discharge 

events could actually have been of benefit to the diatom communities of Stony 

Creek by removing silt deposits, dead algal cells and even increasing the 

nutrient levels of the water (e-g. due to soil runoff). These types of beneficial 

effects of spates have been discussed in a number of papers, including Sousa 

(1984), Power and Stewart (1987) and Stevenson (1990). 

Overall, it appears that the spatial distribution of periphyton 

assemblages may be the most important determining factor regarding survival 

during spates [for example, patches of the red alga Batrachopspemum atrum 

(Hudson) Harvey were observed still attached on the protected downstream 

sides of a boulder in Stony Creek following a high discharge event in 19901. 

Following a spate, patches of surviving algal assemblages may then serve as a 

source of new individuals during the post-disturbance recolonization sequence 

(cf Power and Stewart, 1987). In both streams examined here, it would be 

most likely remnant patches of Cocconeis sp. and Nmicula sp. which would 

provide sources of initial colonizers following a spate (cf. Korte and Blinn, 

1983). As is the case with periphyton, some invertebrates would also be able 

to survive spates in protected areas and later serve as sources for new recruits, 

as discussed by Palmer et al. (1992). 

While the importance of spates done as a structuring force in stream 

ecosystems is certainly indisputable, it became apparent throughout this study 

that other factors may also result in similar changes in periphyton in the 

absence of physical disturbance, i.e. the significance of biological factors such 

as invertebrate grazing and abiotic factors such as desiccation stress were 

shown to exert substantial effects on the stream algal assemblages as well. 



7.2 DISTURBANCE FROM DESICCATION 

Like spates, times of low flow leading to desiccation stress on 

periphyton tend to occur relatively infrequently, however, a major difference is 

that the direct effects of desiccation tend to occur over a longer, more drawn- 

out period. During these periods, the effects of leachates (e.g. fiom leaf litter) 

and silt deposits will most probably increase in importance (cf. Hynes, 1972; 

Mann, 1975). As was demonstrated by the results obtained in the desiccation 

experiment and also in part in the grazer manipulation experiments (where 

cobbles collected from the stream bank were involved), the effects of 

desiccation on periphyton survival and recolonization rates were quite 

sigarficant and must be considered when examining disturbance in streams. 

 videi ice was provided that the diatom assemblages examined here were not 

resistant to desiccation (even if resubmerged at a later stage), as has previously 

been described by Douglas (1958) and Peterson (1987~). Thus extended 

drought periods can be considered as (abiotic) disturbance events as well, in 

addition to major spates and (in certain cases) grazing by invertebrates. 

Drought periods can also affect invertebrates - they can be stranded by 

falling water levels (Fisher et al., 1982), as was evidenced by large numbers of 

empty caddisfly larva cases on exposed boulders in Stony Creek during 

drought conditions. However, as some highly mobile taxa may seek out 

refuges fiom the effects of drought, invertebrates may recover relatively fast 

after such event. 



7.3 COLONIZATION FOLLOWING DISTURBANCE 

Once a disturbance event has passed (e.g. a spate or a period of 

prolonged drought), cobble and boulder surfaces available for recolonization 

will be sites of periphyton successional sequences. 

In this study it has been shown that the dgal communities on cobbles in 

both Stony Creek and Booloumba Creek were dominated by diatom 

assemblages, with Cocconeis sp. and Nmicula sp. being the earliest colonizers 

and also, later in the successional sequence, the most persistent diatom taxa 

(cf. Korte and Blinn, 1983). Generally, in both of the streams, these diatom 

taxa also exhibited similar colonization patterns on bare substrates, with 

distinct successional sequences of diatoms being shown in the field 

experiments. It appeared that one reason for the prominence of diatoms on 

cobbes was that as cobbles are subjected to frequent tumbling and scouring 

effects during times of high discharge, when other algae, for example 

filamentous algae, would be easily disrupted and thus removed fiom the 

cobbles (cf. Power and Stewart, 1987). 

GRAZING EFFECTS 

Unlike spates and desiccation stress, periphyton assemblages would be 

subjected to the effects of grazing on a more or less continuous basis (except 

after discharge events which were capable of washing away grazers). Results 

obtained in this study suggested that there exists a distinct relationship 

between grazers and periphyton. It was found that gazing (i.e. biological 

disturbance) can exert major controlling effects on diatom communities, albeit 

reverse effects to the ones expected: here, the results indicated an increase of 

chlorophyll a values of epilithun under grazed conditions, with the same result 



shown for biomass values (e.g. Cooper, 1973, who observed increased primary 

productivity, and Jacoby,198?, who noted a more robust diatom assemblage, 

both as a result of gazing p s u r e ) .  

It appeared that the chforophyll a / grazer relationship featured three 

distinct phases: A) low grazer numbers associated with low chlorophyll a 

being due to a lack of food or, alternatively, low chlorophyll a values being the 

result of a lack of grazer stimulation, B) high chlorophyll a values associated 

with moderate grazer numbers being due to grazer stimulation of the 

periphyton (as observed in the experiments), C) low chlorophyll a values in 

the presence of high grazer numbers due to overgrazing (e.g. Lamberti and 

Resh, 1983; Hill and Knight, 1988). 

Stony Creek and Booloumba Creek were thus quite unusual (if 

compared to results fiom the majority of published papers on this subject) in 

that grazers did not seem to play such a sigdcant role as agents of 

disturbance during the survey time (possibly due to extended perids of low 

densities of grazing invertebrates encountered during the length of the study), 

but almost appeared to maintain periphyton assemblages in a healthier state 

when present in moderate numbers. The results of field surveys and the grazer 

manipulation experiments provided evidence that grazing at moderate densities 

of invertebrates can enhance algal growth, perhaps through selective grazing 

actions on senescent cells or by localised input of nutrients by way of faeces 

deposition of grazers. In the same experiments it was shown that if cobbles 

collected from the stream bank (i.e. not colonized with algae) were immersed 

in the water column and subjected to a grazed / ungrazed treatment, firstly, 

lower chlorophyll a values were obtained from epilithon on these cobbles. 

Secondly, no differences were found between chlorophyll a values of the 

grazed and ungrazed treatments of epilithon on these cobbles, suggesting that 

grazing may only have a sigmlicant effect on more mature diatom assemblages 



cm cobbles, for example due to the unpalatability to grazers of the initially 

co!mking diatom species. 

GENERAL 

The grazing, colonization and desiccation experiments were performed during 

tbe absence of my hi& discharge events under caaditions of more or less 

constant flow, over a relatively short temporal scale. However, under normal 

conditions and over the long term, grazer and periphyton assemblages on 

cobbles would be subjected to extraneous factors such as stream bed 

movements and shear stress. These fmces were not taken into account in 

interpreting the results of these experiments, and would warrant further long- 

term experimental work, perhaps by employing artificial stream set-ups. 

Furthermore, this study only looked at the localized effects of physical and 

biological disturbance, i.e. on a small spatial and temporal scale. In order to 

obtain a wider overview of interactions, it may be necessary to examine 

disMance effects on a larger scale (complete stream branches, for example), 

since in that case variations in substrate consistency, localized flow patterns 

and input from the surrounding catchment area, far example, codd then be 

considered. 

It has been demonstrated in this study that physical and biological 

disturbance exert significant structuring f'orces on epiIithic algal canrmeties. 

However, it was also found that distinct factors control the stream biota during 

spates and periods of drought. W e  physical disturbance as a result of spates 

decreases algal communities cm cobbles, algal assemblages are also affected 

during the absence of disturbance: for example, invertebrate grazing, toxic 

leachates &om leaf litter in the stream and siltation are cmtrohg factors of 

algal standing crap and composition during the dry season. 
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