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Dietary habits of Australian siphlonurid and oligoneuriid
ephemeropteran nymphs
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Introduction

Ephemeropteran nymphs form a significant part of the invertebrate fauna of Australian upland
streams. An understanding of the ecology of streams depends upon an understanding of the ecol-
ogical roles of the organisms present. The food of any species is an important factor in its ecological
role. The only previously published information on the food of any Australian mayfly is a note by
Rk (1974) that nymphs of Mirawara are carnivorous.

In this study, the dietary habits of eleven populations of siphlonurids and oligoneuriids were in-
vestigated by an examination of gut contents. A total of ten species were examined, with one species
Coloburiscoides haleuticus, being investigated at two sites. The species examined and the locations
from which the specimens were obtained are tabulated below (Table 1). The locations are indicated
in Fig. 1.

Methods

Methods for investigating the dietary habits of aquatic insects were reviewed by Cummins
(1973), who recommended an elaborate procedure for the examination of gut contents based on
methods developed by Brown (1960, 1961, 1965). Cummins’ (1973) suggested technique was not
used in the present study since it requires the pooling of the contents of the guts of several animals.

In the present study, two different methods were used. For nymphs of Coloburiscoides, Tasma-
nophlebia and Ameletoides the method was similar to that employed by FuLLEr 8 StEwaRT (1977,

Table 1. Species examined for gut contents.

Species Locality sampled Site
Ameletoides
A. lacusalbinae Lake Albina, New South Wales 1
A sp. 1 Chalet Creek, Victoria 2
Mivawara
M. aapta Aberfeldy River, Victoria 3
Tasmanophlebia
T. lacuscoerulei Lake Albina, New South Wales 1
T.sp. 1 Alpine Creek, New South Wales 4
T.sp.2 Aberfeldy River, Victoria 3
Coloburiscoides
C. baleuticus Wellington River, Victoria 5
C. haleuticus Goodradigbee River, New South Wales 6
C. giganteus Diggers Creek, New South Wales 7
C. munionga Eucumbene River, New South Wales 8
C.sp. 1 Big Pat’s Creek, Victoria 9
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Fig. 1. A map of southeastern Australia indicating the localities from which nymphs used for the
dietary studies were obtained. The localities are as follows: 1, Lake Albina; 2, Chalet Creek; 3, Ab-
erfeldy River; 4, Alpine Creek; 5, Wellington River; 6, Goodradigbee River; 7, Digger’s Creek; 8,
Eucumbene River; 9, Big Pat’s Creek.

1979) and more recently by Yure (1982). Each individual nymph was measured and the foregut
then dissected out. The gut contents were mounted on a slide in Canada Balsam dissolved in 2-
ethoxyethanol. The relative proportions of the different components were determined by measur-
ing their relative areas in four random fields using 2 Whipple eyepiece micrometer, fitted to a Wild
M20 microscope at 40 X magnification.

The gut contents of ten specimens from each population were determined in this fashion. The
specimens were selected such that a wide size range of nymphs was investigated. This allowed a
check on dietary changes during the life of the nymphs.

A different technique was employed for nymphs of Mirawara. Mirawara nymphs are predacious
and swallow their prey whole. Furthermore, many of the nymphs were found to have only a single
prey item in the foregut. For this reason, the gut contents of fifty nymphs were examined, and data
on prey items were expressed as the percentage of the nymphs in which they occurred.

Results

The results for the genera Ameletoides and Tasmanophlebia are presented in Fig. 2.
Data for small nymphs and large nymphs are presented separately on the right hand side
of the figure, whilst the average for the species as a whole is presented on the left. Data
for Coloburiscoides is presented in a similar fashion in Fig. 3, and for Mirawara in Fig. 4.
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Fig. 2. Percentage composition of gut contents for Ameletoides lacusalbinae (a), Ameletoides sp. 1 (b),
Tasmanophlebia sp. 2 (c), Tasmanophlebia lacuscoerulei (d), and Tasmanophblebia sp. 1 (¢). Composi-
tion for the total sample is indicated on the left of the figure and for small and large nymphs separa-
tely on the right. The size range of the nymphs expressed as total length in mm is indicated on the
right. The dietary components indicated are detritus — unshaded, algae — diagonal shading, plant
material — solid black, inorganic material — stippled, and wood — horizontal shading.

Four major components of the gut contents of the non-carnivorous mayflies were dis-
tinguished in this study. These were detritus, algae, plant material and inorganic material.
The detritus component consisted of fine particulate non-cellular organic material of un-
certain origin. The algal material included both filamentous and single celled forms,
whilst the plant material included coarse particulate cellular material of plant origin ex-
cluding wood. Inorganic material consisted of sand and other mineral particles.

Two other minor components of the gut contents were also recognized. Wood frag-
ments were present in the guts of some specimens of Tasmanophlebia sp. 1 and comprised
nearly 20 % of the gut contents of one specimen. Fragments of insects were found in the
gut of one specimen of Coloburiscoides haleuticus from the Wellington River. The frag-
ments were mostly fragments of wing.

Discussion

Ameletoides nymphs live within a wide variety of habitats. A. lacusalbinae occurs in
both lakes and streams. Within streams it is found both in pools and in the fastest riffles
of steep stony streams. Ameletoides sp. 1 has only been taken in streams; however, it oc-
curs in both pools and riffles. In all cases, the pools had gravel rather than silt substrates.
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Fig. 3. Percentage composition of gut contents of Coloburiscoides giganteus (a), C. munionga (b), C.
baleuticus from the Wellington River (c), C. baleuticus from the Goodradigbee River (d), and C. sp.
1 (e). Composition for the total sample is indicated on the left of the figure and for the small and lar-
ge nymphs separately on the right. The size range of the nymphs expressed as total length in mm is
indicated to the right. The dietary components indicated are detritus — unshaded, algae — diagonal
shading, plant material — solid black, and inorganic material — stippled.
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Fig. 4. Gut contents of Mirawara aapta nymphs. The results are expressed as the percentage of
nymphs examined whose guts contained one of the eight components listed in the figure. Data from
nymphs with empty guts were not considered. Because a single nymph sometimes had more than
one of the components in its gut, the total percentages may add up to more than 100. The actual to-
tal percentage is indicated in the figure. Data for the whole sample are presented on the left and for
nymphs larger than and smaller than 10 mm total length separately on the right.
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Ameletoides nymphs appear from their gut contents to be epilithic feeders. In both
species the gut contents consisted mostly of detritus and algae (Fig. 2). Inorganic material
was the only other component of any significance present. Ameletoides nymphs have a
single large mandibular “tooth” which could be utilized as a scraping implement. Signif-
icantly, the tooth is of variable size, which is consistent with it being worn down with
use during the intermoult period. It is renewed each moult.

There were only slight differences in the relative proportions of the three major com-
ponents of the gut contents between small (<10 mm total length) and large (>10mm
total length) nymphs. However, there did appear to be differences in the type of algae
being consumed. In both species, virtually all of the algae present in the guts of the
smaller nymphs were diatoms, whereas the larger nymphs also contained large amounts
of a brown coloured colonial alga, possibly a species of Botryococcus.

Both of the species would be categorized as ““algal scrapers” according to the classifica-
tion proposed by Cummins & Krue (1979). However, detritus is a more abundant ma-
terial in the gut than algae, and, although some of the detrital material may consist of
algal fragments and cell contents, most of the detritus probably consists of bacteria, fungi
and non-living organic material also scraped from the rock surfaces. Which of the two
materials, algae or detritus, is a more important food source could only be determined by
assimilation studies. Rounick et al. (1982), for example, have suggested that Deleatidium
(Leptophlebiidae) nymphs selectively assimilate algae, even though they apparently feed
relatively non-selectively on both algae and detritus obtained from the surface of stones.

WINTERBOURN et al. (1981) have recently used the term “browsers”, which BarMuTa
& Lake (1982) have suggested encompasses collector-gatherers capable of utilizing the
epilithos. This would seem to be preferable to the description “algal scrapers” for
organisms consuming both algae and detritus, since it does not contain an implicit ‘as-
sumption of the relative food value of the algae and detritus. Nor does it restrict the cat-
egory to organisms which obtain the material from the stones by scraping. Many lep-
tophlebiid nymphs are also epilithic feeders, but, from the morphology of their
mouthparts, they appear to obtain their food by scrubbing. In spite of this difference,
they would seem to belong to the same functional category as Ameletoides nymphs.

Ameletoides sp. 1 consumed less algae than A. lacusalbinae (Fig. 2). The difference was
significant at the 0.01 level using the MaNN-WHITNEY test (Conover 1971). The differ-
ence between the two may simply be a reflection of a difference in algal abundance in the
habitats of the two species. Ameletoides lacusalbinae was collected in Lake Albina, an
alpine lake above the tree line. The nymphs occurred on rocks in shallow (<0.4 m)
water around the edge of the lake. Ameletoides sp. 1, on the other hand, was collected
from Chalet Creek, a small stream flowing in a small steep valley and heavily shaded by
forest. As a consequence, the amount of light available to support algal photosynthesis
was considerably less at the Chalet Creek site than at the Lake Albina site.

In spite of the differences in algal consumption between the two species, they oc-
cupied very similar feeding niches as measured by Horn’s (1966) Coefficient of Dietary
Overlap. The coefficient is calculated using the equation:

c. 2XXY:

=75 __ . s __.
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that proportion of the total diet of species X from a given category of food i,
that proportion of the total diet of species Y from a given category of food i.

=
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Possible values of C range from 0 (no overlap) to 1 (complete overlap, identical diets),
and values greater than 0.60 indicate significant overlap (FuLLER & STEWART 1979). The
value for the coefficient between A. lacusalbinae and A. sp. 1 was 0.95.

Comparing the gut contents between small (<10mm total length) and large
(>10mm) nymphs of Ameletoides sp. 1 showed some differences (Fig. 2). Smaller
nymphs apparently consumed more detritus and less algae. The difference in the amount
of algae was significant at the 0.10 level using the MANN-WHITNEY test (CoNOVER 1971).

Tasmanophlebia nymphs are primarily detritivores. Their guts generally contained
less algae and more plant material than Ameletoides nymphs (Fig. 2). Three species were
investigated: Tasmanophlebia lacuscoerulei, T. sp. 1 and T. sp. 2. However, only six
nymphs of 7. sp. 2 were examined, since this was the largest number of nymphs of this
species available from a single location. Combining nymphs from different locations
would add a further complication to data interpretation.

Tasmanophlebia nymphs are, for the most part, more restricted in their habitats that
those of Ameletoides. Tasmanopblebia lacuscoerulei is the exception, although it is re-
stricted in its distribution, occurring only in the five glacial lakes near the summit of
Mit. Kosciusko. Within the lakes it can be collected both on stony substrates as well as on
finer materials — silt and sand. The nympbhs are rarely abundant around the lake edges,
but may be more abundant deeper in the lakes. Tivms (1980), in a fairly superficial survey
of the benthos of four of the Kosciusko lakes, recorded 7. lacuscoerulei (misidentified as
T. nigrescens) only from a depth of 4 m in Blue Lake, where he recorded a population den-
sity of 11 nymphs - m=2.

Tasmanophblebia sp. 1 is found at the edges of stream pools. T. sp. 1 nymphs are almost
always associated with silt and finely divided organic material, but were occasionally ob-
served on sand. If provided with a silty substrate in the laboratory, they quickly buried
themselves.

Tasmanophlebia sp. 2 occurs in streams over a wider geographical area than any other
species from this genus. It is always associated with fine gravel and coarse sand. Attempts
to study the life history of this species in the Aberfeldy River were thwarted when no
nymphs could be collected during the winter months of either 1978 or 1979. The
nymphs were only half grown at the time, so the disappearance could not have been due
to emergence. It is possible therefore that there is a habitat change during thy nymphal
life, with the nymphs moving down into the substrate or into deep water in mid-stream.

All of the 7. sp. 2 nymphs studied were of similar size, with a range of total length
from 10.5 to 12.5 mm. As a consequence, no analysis of variation in diet with size was at-
tempted for this species.

The results for Tasmanophlebia lacuscoerulei from Lake Albina show more algae being
consumed by larger (>15mm total length) than by smaller (< 15 mm) nymphs. How-
ever, the differences were not significant when tested by the MANN-WHITNEY test. Tasma-
nophlebia sp. 1 did show a significant difference between large (> 10 mm total length) and
small (< 10 mm) nymphs. Smaller nymphs consumed more algae, and the difference was
significant at the 0.10 level using the MANN-WHITNEY test. This was the only significant
difference between the size classes.
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Although it might have been expected that T. lacuscoerulei would consume more
algae, living as it does in shallow water of unshaded Lake Albina, than does 7. sp. 1,
which lives in a heavily shaded stream, this was not the case. In fact, gut analyses showed
that 7. lacuscoerulei consumed less algae, and the difference was significant at the 0.05
level.

In Lake Albina, T. lacuscoerulei co-exist with Ameletoides lacusalbinae which, as pre-
viously discussed, is an algal scraper. Although there seemed to be no preferred micro-
habitat for 7. lacuscoerulei in Lake Albina, it presumably is feeding on detritus collecting
in rock crevices. It would be interesting to compare the results from the Lake Albina
population with gut contents of the population in nearby Blue Lake, from which Amele-
toides is absent, to see whether more algae is consumed by that population.

Tasmanophlebia sp. 2, in the Aberfeldy River, consumed the least proportion of algae
and the largest proportion of plant matter of any of the Tasmanophlebia species ex-
amined. The high proportion of plant material is not surprising in view of the habitat of
the species, but the low proportion of algae is unexpected.

Horn’s (1966) coefficient indicates a high degree of dietary overlap between all of the
Tasmanophlebia species. The coefficient for T. sp. 1 and T. lacuscoerulei had a value of
0.99, that between 7. sp. 1 and 7. sp. 2 was 0.97 and that between 7. sp. 2 and 7. lacuscoe-
rulei was 0.98.

The degree of dietary overlap between the species of Tasmanophlebia and Ameletoides
investigated was high in every case (Table 2). The overlap was lower for A. lacusalbinae
because of the relatively higher proportion of algae in the diet of that species. The only
co-existing species of the set are A. lacusalbinae and T. lacuscoerulei, and, although the de-
gree of overlap between that pair was lower than for all but one other pair, it was still so
high as to preclude dietary differences as more than a minor factor in niche separation be-
tween the two species.

Coloburiscoides nymphs require flowing water to survive. In the laboratory they die in
a few days if kept in still or turbulent water. They are widespread in the rapidly flowing
erosional sections of streams on the Australian mainland south of about 35° and east of
145°. The nymphs of all of the species other than Coloburiscoides sp. 1 are to be found
under rocks of cobble size or larger in parts of the stream where the current is rapid.
Their heavily sclerotized and spiny gills are presumably used to anchor them in position
between the rock and the substrate beneath it. Coloburiscoides sp. 1 is always associated
with wood, often in streams where rocks are scarce. I have found it abundant in Mels-
leuca sp. and Leptospermum sp. roots growing into streams, and it is also common on logs
so long as crevices are present in which it can shelter.

All of the populations of Coloburiscoides investigated were predominantly detritivores
(Fig. 3). WiseLy (1961) has investigated the feeding of Coloburiscus nymphs and dem-
onstrated that they are filter feeders. Since the mouthparts and forelegs of Coloburiscus

Table 2. Values of Horn's (1966) coefficient of dietary overlap calculated between species of Amele-
toides and Tasmanophlebia.

Tasmanophlebia
lacuscoerule sp. 1 sp. 2
Ameletoides lacusalbinae 0.85 0.89 091

A sp. 1 0.94 0.99 0.98
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and Coloburiscoides are extremely similar morphologically, it is likely that Coloburis-
coides is also a filter feeder. This proposition is reinforced by the fact that Coloburiscoides
nympbhs only survive in the laboratory in flowing water.

The foregut contents of Coloburiscoides nymphs were invariably found to consist of
balls of detrital material, which is also consistent with the method of feeding described by
WiseLy (1961) for Coloburiscus: he noted “sometimes a peculiar movement takes place;
the head is withdrawn posteriorly against the prothorax and then pushed anteriorly
again, the complete cycle lasting about a second . .. Possibly this movement is a swallow-
ing and compressing movement which may aid food passing posteriorly through the ali-
mentary canal.”

Filter feeding is not uncommon in the Ephemeroptera. WarLace & Merrrrr (1980)
noted that it has long been known in Isonychia, another oligoneuriid genus (CLEMENS
1917), and is now also known or likely in at least some species of baetids, leptophlebiids
and ephemerellids.

There is little indication from the gut contents that Coloburiscoides nymphs were dis-
criminatory in their dietary habits. The Eucumbene River is completely unshaded, and
algae were probably more abundant there than at the other localities. Big Pat’s Creek, on
the other hand, was the most heavily shaded, and nymphs from that locality (Coloburi-
scoides sp. 1) had the least algae in the foregut.

The amount of plant material was surprisingly high in the guts of nymphs of
Coloburiscoides halenticus at the Goodradigbee River site. There was a significant differ-
ence at the .05 level, using the MANN-WHITNEY test, between the proportion of plant ma-
terial in the guts of the population at Goodradigbee and the proportion in the population
of the same species at Wellington River. Large amounts of Casuarina cladodes were
usually present in the Goodradigbee, and their breakdown may have given rise to high
levels coarse particulate plant material in the water column.

Only one species of Coloburiscoides, C. munionga showed differences between large
and small nymphs which were significant when tested with the MaNN-WHITNEY test. For
this species, smaller nymphs consumed more algae than the larger nymphs. The differ-
ence was significant at the 0.10 level. Coloburiscoides haleuticus nymphs in the Wellington
River consumed more plant material when they were larger. Plant material was only re-
corded in a single sample from the smaller nympbhs, so that a confidence level could not
be placed on the significance; but plant material was recorded in six of the twenty
samples from larger nymphs, so the difference may well be important.

The degree of dietary overlap, as determined by Horn’s (1966) coefficient, was ex-
tremely high between all the species of Coloburiscoides (Table 3). It indicates that com-
position of the diet as it was categorized in this study, was virtually identical between the

Table 3. Values for C, the coefficient of dietary overlap (Horn 1966) between species and popula-
tion of Coloburiscoides (figures rounded to two decimal places).

C. giganteus C. munionga C. haleuticus C. haleuticus
(Goodradigbee R.) (Wellington R.)
C. munionga 0.99 -
C. haleuticus (Goodradigbee R.) 0.99 0.99 -
C. haleuticus (Wellington R.) 1.00 1.00 0.99

C. sp. 1.00 0.99 0.98 1.00
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Table 4. Values for C, the coefficient of dietary overlap (HorN 1966) between species and popula-
tions of Coloburiscoides and species of Ameletoides and Tasmanophlebia.

C. giganteus C. munionga C. baleuticus C. baleuticus Csp. 1

A. lacusalbinae 0.84 0.89 0.86 0.89 0.83
A sp. 1 0.95 0.97 0.96 0.97 0.94
T. sp. 2 0.95 0.95 0.94 0.98 0.92
T. lacuscoernle: 0.99 0.99 0.99 1.00 0.97

species. Any niche differentiation between them is presumably based, therefore, on some
other factors.

Comparing dietary habits of the species of Coloburiscoides with those of Ameletoides
and Tasmanophlebia also indicates strong dietary overlap (Table 4). Overlap was least for
all Coloburiscoides species and Ameletoides lacusalbinae, due to the higher proportion of
algae in the diet of A. lacusalbinae. But even for this species the overlap was well above
the level considered significant (FuLLER & STEWART 1979). Since the three genera exploit
different habitats within the stream, there would be no reason for them to have de-
veloped niche differentiation through dietary differences, so long as the same foods were
available to a similar degree in each of the habitats.

Mirawara nymphs have only been collected in streams where loose stones are present.
They are most numerous in the Aberfeldy River at sites where there are considerable ac-
cumulations of cobbles. These presumably provide sheltering places for the nymphs dur-
ing the day, as wells being sites where prey species are abundant. Current speed does not
seem a major factor, although they are rarely present at water velocities greater than
1m-sL. In the sites I have collected Mirawara, nymphs have been most abundant in
stony pools, but quite common in riffles with current speeds up to about 0.5m - s71.

Mirawara aapta nymphs are carnivorous, and therefore the species has no dietary
overlap with any of the preceding species. As noted above, these nymphs swallow their
prey whole and, in the case of nymphs which had recently fed, this made identification of
prey species fairly simple. Several case-dwelling trichopterans still inside their cases were
retrieved from the foreguts of large Mirawara nymphs!

Leptophlebiid mayfly nymphs were the most common prey item found in the guts of
Mirawara nymphs. Many of the nymphs were whole and could be positively identified as
Atalophlebioides sp. In some cases, only leptophlebiid fragments were found and, since no
species of leptophlebiid other than Atalophlebioides sp. was positively identified from the
guts, it is presumed that these fragments were also Atalophlebioides. These are indicated in
Fig. 4 as leptophlebiids.

At least eight prey species were found in the guts of the fifty Mirawara nymphs ex-
amined. These included two other species of mayfly (Tasmanocoents sp. and Centroptilum
sp.), one species of plecopteran (Dinotoperla sp.) and two species of trichopterans.

Cummins & Kruc (1979) have suggested that food is generally limiting for predatory
stream invertebrates, and Hynes (1970) suggests that predatory insects in streams tend to
be prey-selective. This is certainly true of several species of carnivorous plecopterans
(Hyngs 1976). It is not possible, on the basis of the data available from this study, to reach
a conclusion as to the degree of prey selection shown by Mirawara nymphs. Atalophle-
bioides nymphs were extremely abundant on the tops of rocks in the Aberfeldy River,
and their abundance in the diet of Mirawara may simply be a reflection of this.
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The dietary habits of the small (<10mm total length) and large (>10mm total
length) nymphs appear to be similar (Fig. 4). However, the large nymphs appear to con-
sume chironomids more frequently and trichopterans less frequently than the smaller
nymphs.
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