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Predicting wetland response to nutrient enrichment: modelling 
temperature, algal blooms and nuisance midge swarms 

J. A. Davis, M. McGuire, B. Robson and M. Lund 

lntroduction 

Lake Joondalup is one of the largest wetlands (504 
ha) on the Swan Coastal Plain near Perth, Western 
Australia. However, the lake is shallow (mean depth 
1.27 ~) and undergoes large seasonal changes in vol
ume m response to seasonal variation in rainfall and 
evaporation (CONGDON 1986). Many studies under
taken on the lake have found it to be eutrophic 
(CoNGDON & McCoMB 1976, CoNGDON 1979, 
GoRDON et al. 1981, CoNGDON 1986, DAVIS et al. 
1993, KlNNEAR & GARNETI 1999). CoNGDON 
(1979, 1986) and RosE (1979) recorded the presence 
of metaphyton at the lake. 

Recent problems (in 1996, 1998 and 1999) with 
large midge (Diptera: Chironomidae) swarms rising 
from the lake and reaching nuisance proportions in 
suburban areas along the north-eastern shore have 
resulted in local residents seeking management of 
lake water levels to ensure that deeper conditions are 
present over the summer. The perception of the local 
community is that nuisance midge problems are 
associated with shallow water. 

The two major determinants of aquatic insect 
development are temperature and food availability. 
Studies of nuisance midge problems at other wet
lands on the Swan Coastal Plain found that algal 
blooms form a rich food source for larval Chirono
midae (PINDER et al. 1991). This study sought to 
develop conceptual models of the occurrence of nui
sance midge swarms in relation to water depth, tem
perature, light climate, nutrient availability, sedi
ment processes and algal biomass as a basis for 
further field investigations. In addition, a one
dimensional model for predicting the vertical distri
bution of temperature in lakes and reservoirs 
(DYRESM) was used to compare the relationship 
between water depth and water temperature in low 
and high rainfall years. 

Methods 

The reported association between low lake water lev
els and nuisance midge swarms was investigated by 

examining records of nuisance swarms held by the 
City _of'?V'an~eroo (ELIZABETH FRENCH personal com
mumcanon) m conjunction with the hydrograph of 
lake water levels ~from 1954 t? ~resent) provided by 
the :Water and Rivers Commlsswn. Changes in the 
nutnent st~tus of the lake were examined by plotting 
concentratwns of total phosphorus, total nitrogen 
and chlorophyll a recorded in a number of studies 
conducted at irregular intervals from 1985 to the 
present. Conceptual models and critical pathways in 
the development of nuisance midge swarms were 
formulated on the basis of information obtained in a 
number of previous studies on Perth wetlands (PIN
DER et al. 1991, DAVIS et al. 1993). 

DYRESM, a one-dimensional model developed at 
the Centre for Water Research (CWR) at the Univer
sity of Western Australia, was used to compare lake 
water temperatures under different depth scenarios. 
A water balance for Lake Joondalup was calculated 
for each test period using hypsographic curves pro
vided by CoNGDON (1985) and data from the Water 
and Rivers Commission and the Bureau of Meteo
rology, Western Australia. Water temperatures mea
sured at mid-depth at two sites from 28 October 
1999 to 29 February 2000, with HOBO H8 tem
perature loggers, were used to validate the model. 
Temperature outputs from DYRESM were visualised 
using Modeller software supplied by CWR. 

Results 

Midge-lake depth relationships 
Nuisance midge problems severe enough to 
require the use of a larvicide (Temephos) 
occurred in the spring and summer months of 
1981, 1985, 1986, 1991, 1996, 1998 and 1999 
(Fig. 1). No records were available prior to 

1981. Information provided by the hydrograph 
indicates that nuisance swarms occurred in 
years when the maximum depth was no greater 
than 17.5 m Australian Height Datum (AHD) 
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Fig. l. Water level recorded at Lake Joondalup from 1954 to 1999. Arrows indicate years in which midge 
outbreaks occurred. Hydrograph supplied by Water and Rivers Commission, Western Australia. 

and minimum depth ranged from 16 to 16.6 m 
AHD. Approximately 80% of the lakebed is 
exposed at a depth of 16.4 m AHD. These 
results suggested that midge problems were 
associated with conditions in which less than l 
m of water was present over most of the lake at 
maximum depth (September/October) and 
extensive drying occurred before the end of 
summer. 

Midge problems were also associated with 
years in which the previous summer water level 
had been very low (mean= 16.5 m AHD), i.e. 
summers in which approximately three-quarters 
of the lakebed was dry. 

Lake nutrient status 
Compilation of the total phosphorus, total 
nitrogen and chlorophyll a concentrations 
recorded at the lake over the period from 1985 
to present confirmed that the lake is enriched 
but did not provide any clear evidence that 
enrichment was increasing. 

Midge-temperature relationships 
PINDER et al. (1991) found that the most con
stant predictor of larval midge densiry (mainly 
Polypedilum nubifer) at North Lake was maxi
mum temperature. Densities of 8000 larvae/m' 
occurred 3-7 weeks after the maximum weekly 

temperature reached 20 oe. At Forrestdale Lake 
a rapid rise in the density of larval P. nubifer 
occurred within 4-6 weeks of the median water 
temperature rising above 22 oe. 

Midge-algal-nutrient relationships 
Previous investigations into chironomid prob
lems at Perth wetlands found that the density of 
larval midges increased in response to nutrient 
enrichment and algal blooms (DAVIS et al. 
1988). KlRBY (1991) demonstrated experimen
tally that significantly higher abundances oflar
val midges and phytoplankton occurred in 
enriched ponds than in non-enriched control 
ponds. The maximum density of larval chi
ronomids in enriched ponds was 11200 ± 2852 
larvae/m' compared with 287 ± 197 larvae/m' 
in non-enriched control ponds. The maximum 
chlorophyll a concentration recorded in the 
enriched ponds was 169 ± 115 11g/L in contrast 
to 8 ± 6 11g/L in the control ponds. 

PINDER et al. (1991) found that interannual 
variation in the abundance o f larval P. nubifer at 
North Lake was related to chlorophyll a con
centration. In the 2 years in which high densi
ties of P. nubifer were recorded, the mean 
spring/summer concentration of chlorophyll a 
was over 130 11g/L whereas in the years with 
lower larval densities the mean spring/summer 
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concentration was less than 80 pg/L. DAVJS et al 
(1993) found that non-coloured wetlands with 
concentrations of total P of <165 pg/L dis
played attributes of low to moderate nutrient 
enrichmenr. These workers suggested that this 
may be a reasonable criterion for total P to 
avoid excessive algal growth. 

Depth-temperature relatiomhips 
Comparison of the model output against water 
temperatures recorded from 28 October 1999 
to 29 February 2000 (Fig. 2) indicated that 
model output closely followed measured tem
peratures. Comparison of the DYRESM output 
for a period when lake water levels were high 
and no midge problems were recorded 
Quly-December 1992, Fig. 3) with a similar 
period when water levels were low and midge 
problems were presenr Quly-December 1998, 
Fig. 4) revealed that stratification was not 
present during either period. Using the crite
rion of a median temperature of 22 oe for 4 
weeks as represenring favourable conditions for 
the development and emergence o f P. nubifer, it 
is evidenr that this was not reached in 1992 
until the end of December. This threshold was 
reached almost a month earlier in 1998. Run
ning the same model for 1992, but with depth 

reduced by 50% (Fig. 5) to simulate a low water 
level year, indicated that conditions conducive 
to midge development and emergence may 
have been present by the end of October. More 
inreresting, however, was the warm water 
period in July when conditions were also suit
able for rnidge emergence. Midge problems do 
occur at the lake in this period (winter) in the 
years when water levels are low. 

Discussion 

Many srudies QóNASSON 1972, DAVJES 1980, 
AAGAARD 1982, FAIRCHILD & LoWE 1984, RAS
MUSSEN 1984, WELCH et al. 1988, fAIRCHILD et 
al. 1989, WINTERBOURN 1990) have docu
mented the relationship between nutrient 
enrichment, algal abundance and elevated 
midge populations. However, the relationship 
berween algal abundance and chironomid den
sity is nor necessarily a simple one. Chirono
mids are considered to feed on both live and 
decaying algae. An algal bloom provides a food 
source that can support large populations and 
also provides protection from predators by 
reducing visibility (FAIRCHILD et al. 1989). 
However, many larvae potentially gain their 
nutrition from the bacteria that colonise dying 

35~------------------------------------------------------

ô 
a.. ., 
!5 
~ ., 

! ., 
16 
~ 

30 

25 

20 

15 

Recorded dala 
DYRESM output 

Fig. 2. Model and actual water temperatures recorded at Lake Joondalup from 28 October 1999 to 29 Feb
ruary 2000, at 18:00 h each day. 
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Fig. 3. DYRESM output of temperature for Lake 
Joondalup from l June 1992 to 31 December 1992, 
at 18:00 h each day. 

Fig. 4. DYRESM output of temperature for Lake 
Joondalup from l June 1998to 31 December 1998, 
at 18:00 h each day. 

cells, rather than directly from algal cells 
OoHANNSSON & BEAVER 1983). Regardless of 
whether algae provide a direct or indirect food 
source, abundant algal growth appears to result 
in larger populations of larval midges. 

Certainly the enriched state of Lake Joonda
lup suggests that sufficient nutrients are present 
to fuel large algal blooms. However, the exact 
form in which algae are available to midges still 
needs to be determined. In particular, the role 
of metaphyton in lake nutrient dynamics and as 

Fig. 5. DYRESM output of temperature for Lake 
Joondalup from l June 1992 to 31 December 1992, 
at 18:00 h each day, with water level at 50% of 
actual depth. 

a potential food source for larval midges needs 
to be investigated more fully. 

Several alternative conceptual models are pro
posed to act as a basis for further modelling and 
the collection o f field data. 

In the first model it is hypothesised that water 
temperatures favourable to midge growth occur 
when the maximum lake depth is d m and 
high evaporation rates result in shallow water 
occurring over approximately 80% of the lake. 
Abundant nutrients and high temperatures 
result in phytoplankton blooms that provide an 
abundant food source for midges. High water 
temperatures also directly favour midge growth. 

The second model proposes that drying of 
most of the lake bed in the previous summer 
combined with the presence of shallow warm 
water the following spring promotes the release 
of nutrients from the sediments that in turn 
drive large algal blooms. High water tempera
tures directly favour midge development in 
addition to indirectly promoting a large food 
source by facilitating the development of 
cyanobacterial blooms. 

The third model proposes that drying of 
most of the lakebed in the previous summer 
combined with the presence of warm, shallow 
water the following spring promotes the release 
of nutrients from the metaphyton on rewetting. 
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Median temperature 
>22°C for four weeks 

{ ~ 
Yes No 

{ 
Chlorophyll a> 140 f.Jg/L 

{ ~ 
Yes No 

{ 
F oodweb contains low 
numbers of predators 

{ ~ 
Yes 

t 
Nuisance swarms of 
Pofypedilum nubifer 

No 

Fig. 6. Critical pathway in the development of nui
sance midge swarms. 

This process in turn promotes development of a 
richer micro-layer of benthic algae in the upper 
metaphyton, which provides an abundant food 
source for larval midges. Shallow water overly
ing the metaphyton may also result in a greater 
oxygenation of the benthic algal layer than 
when deeper water is present. 

Sufficient data now exist to formulate a criti
cal pathway (Fig. 6) for the development of 
nuisance midge problems in Perth wetlands. 
However, the critical pathway illustrated still 
requires refinement for the specific problems 
occurring at Lake Joondalup. In particular, the 
nuisance midge species is often Chironomus 
alternans and the major food source may be 
benthic algae rather than phytoplankton. Fur
ther research will use the ecological model 
CAEDYM to investigate the relative influence 
of water depth, temperature and nutrients on 
the development of phytoplankton and benthic 
algae. Field sampling will be undertaken to 
more fully determine the food sources driving 
the development of midge populations to nui
sance levels. 
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