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Understanding Population Dynamics

Freshwater insects are a crucial part 
of many ecosystems but detailed 
knowledge of how populations 
fluctuate in numbers has seldom been 
considered in the published research. Dr 
Richard Marchant at Australia’s largest 
public museum organisation, Museums 
Victoria, has been addressing this gap in 
the literature by studying the long-term 
population dynamics of two species of 
caddisfly, Tasimia palpata and Agapetus 
kimminsi, in the Cumberland River in 
south-western Victoria, Australia.

Caddisflies are insects of the order 
Trichoptera, meaning ‘hairy-winged’, 
due to the adults having moth-like 
bristled wings. Indeed, caddisflies are 
more closely related to butterflies and 
moths than to so-called ‘true flies’. They 
have a unique life cycle, which has 
stages both above and below the water. 
This means they’re a great indicator 
of the overall health of a freshwater 
ecosystem, but it also means that 
understanding caddisfly populations 
requires dedicated and long-term study 
to successfully track the eggs, larvae, 
pupa, and adult caddisflies over the 
span of several generations. 

Dr Marchant is especially interested 
in density-dependent processes 
in controlling the fluctuations of 
populations. For example, some 
dynamics depend only on the total 
number of caddisflies in an ecosystem, 
but some, such as resource competition, 
depend more strongly on their density: 
how many caddisflies are in each 
square metre of river? How does their 
density affect egg-laying? How dense 
can populations be before recruitment 
to the next generation is reduced as a 
result? 

Dr Marchant explains that he wanted to 
find out which life history phases were 
density dependent. More specifically, 
he reasons, that if direct density 
dependence occurs, mortality during 
a phase of the life cycle should be 
positively correlated with the density of 
individuals entering that phase. In other 
words, if one phase strongly depends on 
density, we should see a clear negative 
relationship between the success 
of individuals in that phase and the 
density of individuals at the beginning 
of that phase.

The Unique Life Cycle of Caddisflies

Caddisflies go through several 
distinct phases in their life cycle, so 
understanding how the population 
changes over time is critical. Although 
one of the two species has been studied 
previously, Tasimia palpata had not, so 
Dr Marchant undertook an 18-month 
preliminary study at the river. This 
revealed the species was bivoltine, 
meaning two generations are produced 
each year – one in winter and one in 
summer.

The larvae are aquatic and have gills. 
The adults lay eggs in clumps or 
masses below the water surface, often 
underneath rocks, which presumably 
offers some protection against 
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HEALTH OF FRESHWATER 
ECOSYSTEMS
Caddisflies are an order of insect species that live in and around 
fresh water, and are a great indicator of the health of the ecosystem 
they’re in. However, we need a better understanding of their life 
cycles, their role in the ecosystem, and how the population changes 
across multiple generations as they hatch from eggs into larvae, 
grow and moult, and form pupae before their adult stage.  
Dr Richard Marchant at Australia’s Museums Victoria has 
undertaken an extensive 5-year research program to do just that. 
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Agapetus kimminsi larva. Credit: John Gooderham and Edward 
Tsyrlin / The Water Bug Book

predation. Once hatched, different species behave quite 
differently. Most are collector-gatherers, grabbing fragments of 
detritus and organic matter that float in the water. Some other 
species sieve the water using silken nets. The two species in this 
study feed predominantly on benthic algae, photosynthesising 
microbes which grow on the surface of rocks.  

Another unique aspect of caddisfly larvae is that they build their 
own homes: these are called ‘cases’ and are tubular structures 

formed from silk and reinforced with species-specific additions 
such as sand, bark, sticks, leaves, seeds and shells. These cases 
are open at both ends, and the larva adds to the case at one 
end and turns round and trims the rear. To keep oxygenated 
water flowing through the case, the larva moves around, and 
the less oxygen in the water the more active the larva must be. 
This means caddisfly larvae can live in water that’s too oxygen-
poor for other species like stoneflies or mayflies. 

This means that the presence of caddisflies when stoneflies and 
mayflies are absent can tell us that the freshwater ecosystem 
is low on oxygen, but not critically low. As well as an indicator 
of pollution-free water, caddisflies are an important part of the 
food web, as both larvae and adults are a popular food source 
for fish, especially newly hatched adults which must clamber 
out of the water and dry their wings before they can fly. 

Studying the population dynamics of large organisms 
requires years of tracking, but insects go through generations 
remarkably quickly. Thus, Dr Marchant was able to study ten 
consecutive generations over 5 years, taking 21 samples each 
month from April 2004 to March 2009. These were sampled 
from a 190-metre-long section of the Cumberland River in 
south-western Victoria, Australia. 

Dr Marchant studied the density of the population at specific 
stages to identify trends. For example, the number of caddisflies 

Dr Richard Marchant at Cumberland River. Credit Rodney Start / Museums Victoria
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per square meter at the start of a generation represented the 
density of larval recruits, while the density when pupa were 
common represented the density at the end of a generation. 
Finally, the density of eggs laid by each generation was 
determined from pupal densities, the development time of 
pupae, and egg numbers per female. 

Mathematical Modeling of Population Dynamics

Since insect populations follow regular cycles, their dynamics 
can be modelled using relatively simple mathematical tools. In 
his paper, Dr Marchant analysed the data he collected using a 
Ricker stock-recruitment curve. This is a model used to predict 
how many new individuals are born, mature, or immigrate 
(recruited) in each generation based on the numbers in the 
previous generation (stock). 
Interestingly, this curve was an excellent fit for the larval 
recruitment of one of the studied species but not the other. 
The recruitment of Tasimia palpata matched the model nearly 
perfectly, but that of Agapetus kimminsi deviated significantly 
from the model, suggesting other mechanisms are at play in 
their population. 

Further, both species displayed strong density dependence 
but in different manners. Tasimia palpata showed much higher 
density-dependent mortality during pupation and recruitment, 
meaning that the population dynamics were more strongly 
determined by the reproductive phases of the cycle. In contrast, 
Agapetus kimminsi only showed density-dependent mortality 

during the larval phase, which was independent of the 
fluctuations in the density of eggs. In both cases, these density 
effects were direct, meaning they relied most on the density of 
individuals at the start of that life phase, and much less on the 
phases before that (which would imply a delayed or indirect 
relationship).

Crucially, these findings confirm Dr Marchant’s argument 
that long-term study is necessary to properly understand the 
population dynamics of these caddisfly species. His research 
provides a critical new insight into their ecology emphasizing 
the vital role of density-dependent regulating factors in their life 
cycles. 

Tasimia palpata (adult male). Credit Dr Julian Finn/Museums Victoria

Counting caddis larvae using a viewing tube.  
Credit Peter Lillywhite / Museums Victoria
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Dr Richard Marchant studies the ecology of aquatic insects 
and other invertebrates inhabiting rivers, particularly their 
species composition, diversity and population dynamics. He 
began his research career almost 50 years ago by studying the 
dynamics of brine shrimp populations in salt lakes in Western 
Victoria, Australia. He then spent several years investigating 
the feeding and population ecology of riverine amphipods in 
Ontario, Canada and the composition of tropical invertebrates 
in billabongs in Kakadu National Park, part of the Northern 
Territory. Since arriving at the Museum of Victoria 40 years 
ago, he has conducted much fieldwork on stream invertebrate 
communities in Victoria and Southern New South Wales, and 
has examined the stream invertebrates of the isolated sub-
Antarctic island, Macquarie. He is the editor of the Memoirs of 
Museum Victoria, the museum’s scientific journal, and is an 
associate editor of Marine and Freshwater Research.
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