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Abstract The giant bully, Gobiomorphus
gobioides (Valenciennes), is widespread throughout
New Zealand, but remains one of our least known
freshwater fish. During a study of seasonal fish abun-
dance and movements in the Kakanui River estuary,
South Island, New Zealand, giant bullies captured
mainly in fyke nets were measured and tagged.
Growth rates and movements were calculated for the
19 fish recaptured. Growth rates corresponded with
mean growth rates back-calculated from otoliths—
scales were considered to overestimate age, and no
age classes were evident from length-frequency dis-
tributions. Seasonal changes in condition were as-
sociated with spawning during spring-summer.
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INTRODUCTION

The genus Gobiomorphus has seven representatives
in New Zealand. Not only do these species vary
considerably in size from the Tarndale bully (G.
alpinus, maximum recorded size of 75 mm,
McDowall 1994), to the large and robust giant bully
(G. gobioides, maximum size 222 mm, McDowall
1990), but the habitats they occupy are also diverse
ranging from lowland tidal areas (giant bully),
swiftly flowing rivers (bluegilled bully, G. hubbsi),
to high country lakes (upland bully, G. breviceps).

Although the species may be identified by diag-
nostic external features (McDowall 1990), field iden-
tification is often difficult and has led to some
confusion (McDowall 1998). Until a revision of the
genus by Stokell (1941), the giant bully was con-
fused with the common bully. For example, Parrott
(1934) investigated the scale-fish size relationship
of common bullies (then named G. gobioides, but
subsequently changed to G. cotidianus), although
from the description and sizes given, it is obvious
that the larger fish he examined were, in fact, giant
bullies. Whereas the general life history of some spe-
cies is reasonably well known (redfinned bully G.
huttoni, McDowall 1964, 1965a,b; common bully,
Stephens 1982; upland bully, Staples 1975), the gi-
ant bully remains one of the least known of our fresh-
water fish (McDowall 1997).

The giant bully is widespread throughout New
Zealand (McDowall 1990); it inhabits estuarine and
lower river reaches of waterways, but is seldom
found more than 10 km inland or at elevations
greater than 5 m above sea level (McDowall 1997).
The most abundant population known to date is in
the lower Kakanui River, North Otago (Jellyman et
al. 1997) where catches of up to 64 fish per fyke net
per night were recorded. Before the present study,
nothing was known of the longevity of the species,
although from the maximum size recorded (222 mm,
McDowall 1990) it would be assumed that fish live
for several years. The present study is the first to age
giant bullies, and also compares scales and otoliths
as ageing techniques, estimates growth rates from
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otolith measurements, and discusses movements of
giant bullies within the Kakanui estuary.

METHODS

During a seasonal study of fish in the Kakanui
estuary (October 1992-October 1993), giant bullies
were tagged to provide information on movements
and growth rates. A description of the estuary is
given in Jellyman et al. (1997). Fish were captured
mainly in unbaited fyke nets (25 mm mesh) set
overnight in four reaches of the Kakanui estuary (see
Jellyman et al. 1997 for further details). Giant bullies
were measured (to 1 mm) and a proportion weighed
(to ±1 g). Most giant bullies >150 mm caught during
the first four of five seasonal sampling occasions (at
3-monthly intervals), were tagged with individually
numbered "T" bar tags. Although the width of the
genital papilla is regarded as diagnostic of sex
(McDowall 1990), identification of sex in the field
proved difficult and was not pursued.

Fish were released at their capture site. Any re-
captured tagged fish were measured and weighed,
the tag number recorded and the fish released again
at the capture site; distance moved, expressed as the
straight-line distance between the original capture
site and recapture site, was recorded as positive (up-
stream movement) or negative (downstream move-
ment). During the last sampling period, October
1993, scales were collected from fish of a wide size
range, and 20 fish were retained for ageing from
otoliths. The sex of each of the latter fish was re-
corded from observation of the gonads.

Scales were collected from an area between the
lateral line and the second dorsal fin, and were stored
dry in envelopes. From each scale sample, five
regularly-shaped and non-replacement scales were
selected for mounting. Scales were washed briefly
in warm water, rubbed between thumb and forefinger
to remove any adhering tissue, and placed with the
sculptured side uppermost on a page of adhesive
paper. Each page contained scales from 10 fish;
acetate impressions of scales were then made. Scale
impressions were viewed and measured using a
Nikon scale projector at x50 magnification. The
radius of the largest scale from each fish was
measured (nucleus to the centre of the outer margin);
scale "checks" were evident as distinct breaks in the
pattern of circuli, and the maximum number of
checks recorded from the 5 scales per fish was
recorded.

After air drying for a minimum of a month,
otoliths were prepared for reading by mounting in
araldite, and cutting a thin transverse section
(0.4 mm) through the nucleus with a Buehler low-
speed circular saw. This section was then mounted
in Crystalbond on a microscope side, and the ex-
posed surface polished with fine (1200 grit) paper.
For reading, a drop of immersion oil was added to
the polished otolith face. Age was calculated as the
number of dark rings (annuli); the maximum radius
(fi) of each annulus was measured from the otolith
nucleus to the outer edge of each annulus using
Optimas software.

Length-weight relationships were calculated for
each season; these relationships were then used to
estimate the weight of a fish of 151 mm (the grand
mean length) to show changes in weight with season.
Length at previous age was estimated by back-
calculation. For this the fish length/otolith radius was
first determined—the exponent from the resulting
curvilinear relationship, v, was then substituted into
the following equation:

L, = LC(S,/Scy
where I , = total fish length at the ith annulus, Lc =
total fish length at capture, 5,- = radius from the otolith
nucleus to the rth annulus, / Sc = radius from the
otolith nucleus to the edge of the otolith, and v = the
exponent from the otolith radius/fish length
relationship (Francis 1990).

Age-length relationships were calculated by
regressing either the scale age against length for
individual fish, or the mean otolith age against the
mean back-calculated length per age class.

RESULTS

Size
The length range of bullies was 86-228 mm, with a
mean length of 151.3 mm(SE= 1.12, « = 758), and
the mean weight was 73.1 g (SE = 2.01, n = 361).
The seasonal length-frequency distributions (Fig. 1)
showed no obvious separation into year classes. The
length-weight relationship for all seasons combined
was \n weight= 3.240 (In length) - 12.375 (n = 361,
R2 = 0.81, P < 0.001). Length distributions of all
seasons were similar (ANOVA) with the exception
of the first spring; although this strictly invalidated
inclusion of the spring data in an examination of
trends of seasonal weight changes (Bolger &
Connolly 1989), the spring data were included in the
figure to indicate the likelihood that the gain in


