
New Zealand Journal of Marine and Freshwater Research, 1999, Vol. 33: 351-359
0028-8330/99/3303-0351 $7.00 © The Royal Society of New Zealand 1999

351
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Abstract The life history of Kaniwhaniwhanus
chapmani Boothroyd is described through examina-
tion of larval population dynamics, larval drift, and
adult emergence. Development of larvae occurred all
year but peak larval densities occurred in February,
July, and November and indicated several genera-
tions with longest generation times in the autumn.
Emergence occurred all year and a bimodal diel
emergence pattern was apparent at certain times. K.
chapmani larvae were present in the stream drift at
all times but not in high densities, and generally only
during daylight hours with an early morning/late
afternoon drift pattern. K. chapmani exhibits a gen-
erally non-seasonal life history but rapid growth
tends to occur when conditions of temperature and
food quality are likely to be optimal resulting in
shorter generation times and peaks in larval
populations.
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INTRODUCTION

Information on the life histories is of fundamental
importance for almost all ecological studies of in-
sects in streams (Butler 1984); for measuring aspects
of aquatic biodiversity, understanding fish and other
predator feeding habits, interpreting the effects of
land use and land-use changes on aquatic ecosys-
tems, determine nuisance activity, and also for moni-
toring the effects of resource use (e.g., effluent
discharges and water abstractions). Life history pat-
terns may be explained by evolutionary (through
adaptation or phylogeny, ultimate causes), physi-
ological, and/or environmental factors (proximate
effects), or more likely a combination of all of these.

All stages and features of holometabolous insect
life histories have specific functions and larval
growth and adult emergence must synchronise to
ensure reproductive success. In the Chironomidae,
larvae represent the growth and feeding period, lar-
val drift forms a dispersal and possibly a defensive
function, and emergence the voltinism, reproductive,
and dispersal phase. As larvae make up the greater
part of the life cycle, life history development can
be measured through changes in larval populations,
with emergence representing the culmination of lar-
val growth and productivity. Drift is the downstream
transport of benthic invertebrates and acts as a source
of colonisation for new or denuded habitats
(Williams & Hynes 1976), and is an important
source of food for fish (Sagar & Glova 1988; Glova
& Sagar 1989).

The life histories of many New Zealand stream
insects are not well known, particularly amongst the
Chironomidae. Only Towns (1981), Winterbourn
(1982), and Boothroyd (1987, 1988, 1995) have
produced substantive accounts of life histories of
chironomids from lotic ecosystems, whereas more
is known of chironomid life histories from standing
waters (Forsyth & McCallum 1983; Graham &
Burns 1983; Forsyth 1986; Forsyth & James 1988).
This lack of information has resulted from the poor
knowledge of the taxonomy of this group of insects
in New Zealand, but also from a lack of autecological
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studies in running waters. During studies on the
ecology of the Chironomidae in a North Island
stream, a new genus of the sub-family Orthocladi-
inae was recognised and is described as Kaniwhani-
whanus chapmani by Boothroyd (1999). This paper
presents details of the life history of K. chapmani
examined through changes in benthic larval densi-
ties, larval drift behaviour, and adult emergence
patterns.

STUDY SITE AND METHODS

Study site
Samples were taken from the Kaniwhaniwha Stream
which has its origins in the andesitic and basaltic
rocks (Wanganui series) of Mt Pirongia (37°95'S,
175°05'E), an extinct volcano west of Hamilton in
the North Island, New Zealand. The stream runs
through native podocarp-mixed hardwood forest
before entering pastoral land c. 5 km from its source.
From the forest margin, the stream runs through
calcareous mudstone and sandstone deposits (Lon-
don series).

The study site on the Kaniwhaniwha Stream
(37°54'S, 175°05'E) was situated c. 7 km from its
source. At the study site the stream was c. 10 m wide,
0.3 m deep, and with water velocities of 0.3-0.94 m
s ' in non-flood flows. Annual maximum and mini-
mum water temperature recorded during diel sam-
pling ranged from 7 to 22°C. Both air and water
temperatures were considerably higher in summer
than winter. Water temperatures were always
warmer in mid-late afternoon, and air temperatures
exhibited greater diel fluctuations in the summer than
winter. Mean river velocity was only slightly higher
during winter than summer. Bankside vegetation
consisted of watercress (Nasturtium spp.) and wil-
lows (Salix sp.), and major land use comprised sheep
and dairy pasture.

Benthic larval collections
Quantitative estimates of the abundance of benthic
larvae ofK. chapmani were made using a box sam-
pler modified from Hiley et al. (1981), enclosing an
area of 0.05 m2. The sampler had a removable up-
stream net (250 (im mesh), to prevent the entry of
drift, and a 1 m long conical collecting net down-
stream (250 |J,m mesh). Five replicate samples were
taken from a riffle at monthly intervals from Novem-
ber 1983 to January 1985 inclusive by randomly
placing the sampler at locations across the stream
width, and disturbing the substrate enclosed within
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Fig. 1 Monthly changes in mean larval densities of
Kaniwhaniwhanus chapmani in the Kaniwhaniwha
Stream, New Zealand, November 1983-January 1985.
Error bars ± SE.

the sampler for a period of 3 min. Samples were
preserved in 4% formalin (w/v). In the laboratory,
samples were elutriated to separate the larvae from
the remaining substrate, and washed through 4 mm
and 250 (im sieves. Where large numbers of chirono-
mid larvae (>200) were found a subsampler modi-
fied after Brennan et al. (1978) was used to split the
sample. Enough subsamples were taken to keep er-
rors in estimates of the mean within 20% (%2 test of
randomness Elliott 1977). Lengths and widths of
head capsules of all larvae were measured. Further
details of methods are provided by Boothroyd
(1987).

Collection of larval drift and pupal exuviae
Drifting chironomid larvae and pupal exuviae were
collected using a drift sampler modified after Elliott
(1970), and detailed in Boothroyd (1995). A single
sampler was placed in the fastest section of a run in
the Kaniwhaniwha Stream, just below a riffle. Col-
lections of larvae and pupal exuviae were made
every 3 h over a 24-h period every 2 months from
January 1984 to January 1985. Water temperature
and current velocity at the sampler inlet, and air tem-
perature, were taken on each collection date, and drift
samples were immediately preserved in 4% forma-
lin (w/v). As for benthic larvae, large numbers of
chironomid larvae and pupal exuviae made it nec-
essary to subsample, and a sample splitter was used
to reduce samples to about 25%. A y} test of random-
ness indicated a random dispersion of exuviae within
the sample splitter. A forward stepwise multiple
regression was used to investigate the dependence
of drift (as drift densities) and emergence (as exu-
vial densities) of K. chapmani on benthic density,


