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ABSTRACT

The degree to which a particular species of mayfly or stonefly is suscepti-
ble to man-made environmental disturbances, such as river regulation or
pollution, is determined in many cases by the life history strategies displayed
by that species. Certain strategies are hypothesised as advantageous. These
include asynchronous development, flexible voltinism, long egg development
and insensitivity to changes in temperature. The ability to rapidly colonise
denuded habitats is also of importance, as is the ability to escape difficult
conditions by moving into less affected microhabitats.

INTRODUCTION

Lotic insects, including mayflies and stoneflies, are subject to both
natural and man-induced disturbance and change (Resh et al. 1988). Man-
made perturbations include organic and metal pollution, acidification, river
regulation and increased frequency of drought or floods. Life history at-
tributes provide the framework for the ability of aquatic insects to withstand
such environmental disturbance and to recolonise denuded habitats. In this
paper life history attributes of mayflies and stoneflies considered advanta-
geous or disadvantageous are put forward, together with specific examples.

EGG DEVELOPMENT

The egg stage in mayflies and stoneflies has fewer environmental re-
quirements than the nymphal stage and is therefore often better able to
survive the temporal instability frequently associated with disturbance
(Hawkins 1990). It can therefore be advantageous to have a long egg stage
coupled with a short period of active nymphal growth. Among the mayflies,
the European species, Ephemerella ignita (Poda), successful in regulated
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rivers, displays these characteristics. It has a long period of egg development
and hatching (Bohle 1972, Elliott 1978), followed by a short period of
summer nymphal growth (Bournaud et al. 1987). Similar strategies are seen
in certain Plecoptera, such as the European Leuctra (Saltveit et al. 1987) and
many Australian Dinotoperla (Hynes and Hynes 1975, Yule 1985). Egg dia-
Pause in certain species provides an additional opportunity to avoid unfa-
vourable conditions.

The more robust eggs of several stonefly species are able to withstand
freezing (Brittain and Mutch 1984, Lillechammer 1987, Gehrken 1989), an
advantage during low flows in cold climates. In contrast, low flows or cessa-
tion of flow in warm climates often necessitate a drought resistant egg stage.

TEMPERATURE RELATIONSHIPS

River regulation and thermal discharges invariably produce temperature
changes in the downstream reach. The temperature relationships, both in
the egg and nymphal stage, will be crucial in determining the species’ ability
to survive. Strict temperature limits or specific temperature cues will be
disadvantageous under changed conditions and will often lead to extinction
(Lehmkuhl 1972). However, certain species have neither strict temperature
limits nor development and growth that is greatly temperature dependent.
For example, unlike most mayflies, egg development in the North American,
Tricorythodes minutus Traver, is little influenced by temperature (Newell &
Minshall 1978a, Brittain 1990). This, coupled with flexible voltinism, rapid
growth and an ability to withstand silting (Newell and Minshall 1978b) has
enabled it to be successful below dams (Brittain and Saltveit 1989).

SIZE AND SHAPE

Small size and a cylindrical shape enable mayfly and stonefly nymphs to
seek refuge in gravel and stone substrates during pollution episodes or
under low flows. The stonefly genera, Alloperla s.1. (Chloroperlidae) and
Leuctra, show such characteristics and are frequently abundant in regulated
rivers (Saltveit et al. 1987). The early instars of several species live down in
the hyporheic (Stanford & Ward 1988) and are equally or better able to
survive environmental vicissitudes than the immobile egg stage.

COLONIZATION

A pollution incident may eradicate most or all of the population of a
particular mayfly or stonefly species. The ability to rapidly colonize and build
up a new population in such a denuded habitat is of prime importance in
determining the species’ success. Colonization can occur by the oviposition
of aerial adults, upstream movement, downstream drift or movement up-
wards from the hyporheic (Williams and Hynes 1976). The contribution from
these various sources will vary with species and situation, although drift
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would seem to be the major source (Williams and Hynes 1976, Townsend
and Hildrew 1976). Mayflies are generally more abundant in downstream
drift than stoneflies, and members of the genus Baetis often exhibit high
drift rates (Clifford 1972, Brittain and Eikeland 1988). At least over short
distances, adult mayflies are also more successful at dispersal then adult
stoneflies. They fly more readily and have extremely high fecundities (Brit-
tain 1982, 1990).

DEVELOPMENTAL SYNCHRONY

Many species of mayfly and stonefly display synchronous development
with little variation in nymphal size or state of egg development at any point
in time in order to maximize the benefit from optimal conditions. This has
the disadvantage that the whole population may be exterminated if the
habitat is affected by pollution or other disturbance affecting a particular life
history stage. However, certain species and genera "hedge their bets" and
display a range both in size and life cycle stage at a given point in time. The
development of several Australian mayflies and stoneflies is more asynchro-
nous than many northern temperate species (Hynes and Hynes 1975,
Campbell 1986), although not always so (Marchant et al. 1984, Yule 1985).
On this basis it would be expected that disturbance would have less effect in
Australia than elsewhere.

There are, however, several northern temperate species which by virtue
of their asynchrony are successful in disturbed systems. These include
several mayflies in the genus Baetis and the leptophlebiid mayfly, Choro-
terpes mexicanus Allen, which is a seasonal polyvoltine species with three
overlapping generations per year and is abundant in the regulated Brazos
River (McClure and Stewart 1976). Although advantageous in terms of dis-
turbance, asynchronous emergence may be a disadvantage. The chances of
meeting a mate are reduced and there is little chance of predator saturation
(Butler 1984).

VOLTINISM

Flexible voltinism is linked to developmental synchrony and is also an
important determinant of a species’ ability to cope with pollution and other
environmental disturbances. The'life cycle plasticity of the European Baetis
rhodanti Pictet and the North American B. tricaudatus Dodds has undoubted-
ly contributed to their success in regulated rivers and running waters in
general. Their life cycles vary from a fairly synchronous univoltine cycle in
cold water habitats to a wide range of more or less synchronous multivoltine
cycles, sometimes with overlapping cohorts (see Clifford 1982). This provides
the potential to maintain a viable population, even though one cohort or
generation may be exterminated by unfavourable environmental conditions
(e.g. Brittain et al. 1984), as well as to exploit new and favourable conditions
(e.g. Wallace and Gertz 1986, Rader and Ward 1989).
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CONCLUDING REMARKS

In many cases the mayfly and stonefly species that are able to survive
and even benefit from pollution, regulation and other man-made disturb-
ances are generalists with wide ecological limits. On the other hand, special-
ists, with narrow ecological limits are often reduced in numbers or extermi-
nated. The stonefly, Isoperla quinquipunctata (Banks) is one of the few stone-
flies surviving below hypolimnetic release dams in North America. It has
wide environmental limits (Knight and Gaufin 1966), but may be excluded by
competition in habitats with more diverse faunas. This is also probably the
case with several stoneflies tolerant of organic pollution, such as the Euro-
pean, Nemoura cinerea (Retzius) and Nemurella pictetii Klapalek. They are
widespread, but usually in low numbers except where species diversity is low
through natural or man-made causes. Thus, although mayfly or stonefly
densities may increase after man-induced environmental change, diversity is
invariably reduced (Landa 1984). In contrast, natural perturbation may
increase diversity by creating a wider variety of ecological niches (Resh et al.
1988).

Factors other than life history parameters are also important in deter-
mining a species’ response to man-made environmental disturbance and
change. These include the individual species’ tolerance to specific pollutants,
although this also seems to be related to the species’ general ecological toler-
ance. Community interactions, such as changes in predation pressure and
food availability can also bring about species change (Power et al. 1988).
Nevertheless, life history parameters provide the framework within which the
species response takes place. Certain mayfly and stonefly species and genera
with their wide ecological requirements, life cycle plasticity and ability to
rapidly colonize demanded habitats are clearly able to cope with and even
profit from human intervention in freshwaters.
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Table 1. A

attributes generally advantageous

summary of mayfly and

in disturbed habitats.

EGG
DEVELOPMENT

TEMPERATURE
RELATIONSHIPS

NYMPHAL SIZE

NYMPHAL
DEVELOPMENT

LIFE CYCLE

Long

Eurytherm

Temp. independent

Small

Asynchronous

Flexible
Multivoltine
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stonefly 1life history

or disadvantageous

Short

Stenotherm

Temp. dependent

Large

Synchronous

Fixed

Univoltine





