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Dietary alterations in resident and migratory
New Zealand common smelt (Retropinna retropinna)
in lower Waikato lakes after two decades of habitat change
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Abstract The diets of lake resident and both
allopatric and sympatric migratory (diadromous)
forms of common smelt (Retropinna retropinna
(Richardson)) in Lakes Waahi and Whangape
(Lower Waikato River system, New Zealand) were
examined before and after collapse of macrophyte
beds and loss of associated invertebrates. Before this
diets were varied, but dominated by chironomid lar-
vae and pupae, supplemented by semiplanktonic
crustaceans in small smelt in particular and by
corixids in larger smelt. Afterwards diets were less
diverse and the main food items were mysid shrimps.
The opportunistic, generalist feeding habits of smelt
help their survival of habitat changes.
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INTRODUCTION

Our studies on New Zealand common smelt,
Retropinna retropinna (Richardson), began in 1975
in Lake Waahi, North Island, New Zealand. Little
was then known of their ecology apart from an ear-
lier study by Jolly (1967). We found two different
forms of smelt in the lake, one an apparent lake resi-
dent and the other diadromous, coming into the lake
at an intermediate size but not spawning there as far
as we could determine (Northcote & Ward 1985).
They differed in gill raker number which was higher
(25-32) in resident smelt than in migratory smelt
(18-24). Further studies on smelt in Lake Waahi and
elsewhere in the Waikato region followed (Ward et
al. 1987; Hayes et al. 1992; Northcote et al. 1992;
Mitchell et al. 1993; Boubee & Ward 1997).

We began examining the diets of the resident and
migratory fish in 1975-76 to determine the extent
of overlap between these cohabiting but both mor-
phologically (McDowall 1979) and genetically dis-
tinct (Mitchell et al. 1993) forms of the same species.
Ever since Darwin enunciated the principle that
complete competitors cannot co-exist, the extent to
which overlap in ecological requirements can be
tolerated between similar species or forms before
competitive exclusion and hence ecological niche
differentiation occur has been debated (e.g., Hardin
1960; Nilsson 1967; McLaughlin & Roughgarden
1993; McPhail 1994; Schluter 1994; Northcote
1995). We wondered whether the co-existence of the
two forms of smelt represented an example of incipi-
ent speciation, driven by competition for common
resources. We hoped to continue this study in later
years but were confounded by great changes in the
Lake Waahi ecosystem when the formerly dense
macrophyte beds disappeared in the late 1970s (de
Winton & Champion 1993). This resulted in a ma-
jor change in the invertebrate fauna and later the
resident form of smelt was no longer to be found. In
this paper we document some dietary differences
between sympatric resident and migratory smelt in
both Lake Waahi and the nearby Lake Whangape but
also dietary changes in eventually allopatric
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populations of migratory smelt in these lakes. Our
data supplement those of Boubee & Ward (1997)
who assessed the diets of mainly riverine Waikato
smelt populations.

this both lakes were clearer and contained extensive
beds of macrophytes (primarily Egeria and Elodea).
Their catchments are mainly agricultural and the
lakes are eutrophic (de Winton & Champion 1993;
Chapman 1996).

METHODS

Smelt collections were made mainly by shore seining
as in Northcote & Ward (1985). Specimens were
preserved immediately after capture in a 10% for-
malin solution. Lengths, weights, sex, maturation
stage, and gill raker counts were determined as in
Northcote & Ward (1985). Contents of the digestive
tract from below the oesophagus to the pyloric
sphincter were dissected out and placed on a watch
glass in water. Mucus, sand grains, and unidentified
detritus were not included in the analysis; nor were
the fish scales (probably of smelt) often noted in the
contents. Prey items were identified under a binocu-
lar microscope (x6.3 - x40) and individuals counted.
Settled volume of most major taxa was determined
in a glass tube 15 mm diameter at its upper end and
tapering to 5 mm in diameter at its lower end which
was fitted with a removable ground glass stopper.
Volume interval marks of 0.05 ml were scored on
the outside wall of the tube using known water vol-
umes added from a microburette, up to 2.00 ml and
thereafter at 0.5 ml intervals up to 5.0 ml. Settled
volumes could be visually estimated between the
score marks to c. 0.01 ml up to 1 ml, to 0.05 ml up
to 2 ml, and to 0.1 ml between 2 and 5 ml. For a few
taxa whose size or shape prevented settling into a
compact mass (for example corixids and some other
insect larvae), volumes were determined by volume
displacement within the measuring tube. Percent
contribution to total settled volume of all prey taxa
taken by individual smelt could then be calculated.

STUDY AREAS

Lakes Waahi (5.4 km2) and Whangape (12.0 km2)
are two of the larger lakes draining into the lower
reaches of the Waikato River. Both are shallow with
mean depths of <2 m; maximum depths are 5.0 and
2.8 m respectively (Lowe & Green 1987). Lake
Waahi is c. 55 km from the estuary and Lake
Waikare c. 20 km. Since the late 1970s both lakes
have become very turbid, with Secchi transparencies
often <1 m and, particularly in Lake Waahi, only
sparse populations of aquatic macrophytes. Before

RESULTS

Lake Waahi populations
Smelt size and gill raker number

Regular series of smelt collections were made at
c. 2-week intervals between 1 October 1975 and 17
August 1976 in Lake Waahi. Length-frequency dis-
tributions for all smelt at monthly intervals (except
bimonthly for February-March, when the numbers
caught were low) show essentially unimodal curves
but with long low right hand limbs (Fig. 1), with the
few large individuals over 90 mm being taken only
in October. The modal size range shifted gradually
to the right, being close to 40 mm in October and
November and c. 55 mm in August the following
year. Post-larval smelt (from just under 30 mm to
c. 35 mm) occurred in seine catches from October
1975 until January 1976.

Two discrete bimodal frequency distributions of
gill raker counts were evident in Lake Waahi smelt
in all monthly periods (Fig. 2, left). These were a low
gill raker grouping (18-24 mm) and a high gill raker
grouping (25-32 mm). The low gill raker group rep-
resent migratory (diadromous) smelt and the high gill
raker group represent lake resident smelt (Northcote
& Ward 1985), and hence their seasonal length dis-
tributions can be determined (Fig. 2, right). The large
number of small lake resident forms drove the sea-
sonal shift in the modal size from left to right in Fig.
1, and the smaller number of large migratory smelt
account for the extended low right hand limbs of its
frequency distributions. Furthermore the distinction
of the two groups on the basis of gill raker number
allows examination of the feeding repertoire of three
different size-trophic structure groupings: (1) a small
sized (mainly <50 mm from October to March and
then increasing up to 60 mm by August), high gill
raker (lake resident) grouping; (2) an intermediate
sized (mainly 50-70 mm) grouping including both
low and high gill raker (migratory and resident)
forms; and (3) a large sized (>70 mm), entirely low
gill raker (migratory) grouping. In addition a gen-
eral comparison of prey utilisation can be made
between resident and migratory forms of all sizes.


