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Habitat preferences of giant kokopu, Galaxias argenteus

MARTIN L. BONNETT INTRODUCTION
JULIAN R. E. SYKES The giant kokopu Galaxias argenteu¢Gmelin
National Institute of Water & Atmospheric 1789)) is the largest of the galaxiid fishes, and is
Research Ltd endemic to New Zealand. Some landlocked (non-
P.O. Box 8602, Christchurch migratory) populations exist, but giant kokopu are
New Zealand normally diadromous, and the juveniles comprise a
email: m.bonnett@niwa.cri.nz small proportion of the annual whitebait harvest

(McDowall & Eldon 1980).
The giant kokopu was widely known to early
Abstract The giant kokopuGalaxias argenteus explorers and settlers (Heaphy 1842; McDowall
(Gmelin 1789)) is endemic to New Zealand, and 980). However, it is now regarded as an uncommon
regarded as threatened. A perceived decline of #&d threatened species (Williams & Given 1981;
species has been attributed mostly to the loss ariddall 1994) , and proposed changes to whitebait
degradation of its habitat. To determine habitat riishing regulations because of its rarity led to

quirements, information from the New Zealangdontroversy (New Zealand House of Representatives
Freshwater Fisheries Database, and from field su®94). The decline in range and numbers of the
veys in the South Island were analysed. These indpecies has coincided with extensive land
cated that five habitat features are importarﬂ'eve|opment' wetland drainage, and stream
in-stream cover, deep water, low water velocityea”gnmem in many parts of New Zealand.
proximity to the sea, and oyerhead s.hade/ripa.riMbDowa” (1990) suggested that as pastoral
cover. These features were important in two distingevelopment continues, it is likely that the decline
regions surveyed and for both juvenile and adult fisg the species will continue.
The effects of different types of riparian and in- | and-use changes, as well as introduced exotic
stream cover were examined, but it appeared that i cies, have caused changes in the distribution of
presence of some form of cover was more importaQbyw zealand’s native fish species; McDowall
than its composition. The conservation and managg9g4) and Minns (1990) identified that the primary
ment of giant kokopu will probably continue to bggnservation need of the native fish fauna is suffi-
based upon management of their habitat, and the§gh and suitable habitat. Thus, the conservation of
processes will be enhanced by the knowledge of thnt kokopu depends upon a clear understanding of
species’ habitat requirements. its habitat preferences, so that suitable areas can be
. . identified and managed.
Keywords giant kokopu,Galaxias argenteus  There are various general descriptions of the
New Zealand; habitat; habitat preference; freshwgapitat of the giant kokopu, most of which include
ter fish some mention of its preference for in-stream and
riparian cover (Taylor & Main 1987; West 1989;
McDowall 1990; Rasmussen 1990; Chadderton &
Allibone 2000). The species’ preference for low-
elevation coastal waters has also been noted (e.g.,
Taylor & Main 1987); and Chadderton & Allibone
(2000) reported that giant kokopu favoured water
I >0.75 m deep. However, none of the above studies
MO1005 focused on the specific habitat preferences of giant
Received 5 January 2001; accepted 18 May 2001  kokopu. As the conservation of giant kokopu is likely
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to continue to be based on the management of aselevation, distance inland, and water type. Infor-
habitat, there is an obvious need for a more accuratation on many of the database records also pro-
understanding of its requirements to conserveided some measure of abundance and
restore, or enhance giant kokopu habitat. Thus, tb@occurrence with other native and introduced fish
objectives of this study were to quantitatively defingpecies. Chi-square tests were used, where appropri-
the habitat of the species, and to identify critical @te, to test the significance of comparisons between
“key” features of its habitat requirements. sites where giant kokopu were recorded and all the
Both regression-based and microhabitat-bassities where fish occurred. For many habitat features
approaches are commonly used for assessing f{stg., substrate composition) there were insufficient
habitat in New Zealand and overseas. Regressioeeords to make meaningful comparisons.
based models may be used to identify wide-scale .
general features (e.g., stream size or gradient) thigrohabitat surveys
correlate with fish abundance, (e.g., McClendon &urveys of giant kokopu habitat were undertaken in
Rabeni 1987; Minns 1990; Glova et al. 1998). Thtae South Island’s west coast (“Westland”, April
term “microhabitat” was proposed by Allee et all998), and parts of the southern and south-eastern
(1949) to describe the exact location and conditionsasts (“Southland”, April 1999) (Fig. 1). In each
where an animal spends all, or a portion, of its timeegion we attempted to survey as wide a range of
The term recognises that fish may habitually occugites as possible, including some sites where giant
only a small part of the entire habitat available tcokopu had been recorded on the NZFFD. Habitat
them. Microhabitat-based models may be used neeasurements and assessments were made where
identify the specific habitat conditions (such as wateach giant kokopu was caught. To provide a
depth or velocity) used by fish (e.g., Shirvell &omparative basis for determining habitat selection,
Dungey 1983; Moyle & Baltz 1985; Jowett &measurements and assessments were repeated at
Richardson 1995; Hicks & Barrier 1996). For thiadjacent, randomly selected, locations that had been
study, a microhabitat-based approach was masitrveyed but where giant kokopu were absent. In
appropriate, as the aim was to identify specifistreams, electro-fishing surveys typically began at
habitat preferences. the point of access and proceeded up stream; habitat
measurements and assessments were completed
where giant kokopu were caught and at 10 m
intervals along the stream.
METHODS Fish were captured by electro-fishing or by
Two separate approaches were used to identify arapping in unbaited fyke nets set overnight. After
describe the habitat of giant kokopu. capture, most giant kokopu were anaesthetised with
) 2-phenoxyethanol before being measured to the
Analysis of records from the New Zealand nearest millimetre, although some fish were
Freshwater Fish Database sufficiently placid to be handled without anaesthetic.
The New Zealand Freshwater Fish Databagdl fish were retained in fresh water until completely
(NZFFD) is an historic archive of information on theevived, then returned as close as possible to their
distribution of New Zealand freshwater fishes anglace of capture.
contains data from as early as 1901, but principally Various habitat parameters were measured where
from the last 30—-40 years (McDowall & Richardsoeach giant kokopu was captured. The elevation and
1983; Richardson 1989). Data have been contributgidtance inland of each site were calculated from
by a diverse range of individuals and organisatiotspographical maps. Water velocity and depth were
and although many records contain only basic dateasured using an electromagnetic velocity meter
(such as date, location and map reference, aoma wading rod, and channel width was measured
presence of fish species), some records have mtwreéhe nearest 0.1 m with a tape measure. Substrate
detailed information on the abundance of fish speciesmposition was measured using the Wolman walk
and the habitats in which they were found. method (Mosley 1982), with a minimum of 50 stones
Records from the NZFFD were analysed using tineeasured at each site. Substrate size was expressed
SYSAT 8.0 statistical software package (Wilkinsoas the mean size (in mm) of the particles measured.
1988). A distribution map was constructed and gi- Bank characteristics, riparian cover, and in-stream
ant kokopu occurrence and habitat selection wasver were estimated visually, and expressed as
examined with respect to broad habitat features symrcentages. Water depth and velocity measurements
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Fig. 1 Distribution of giant 170°E 175°E
kokopu @Galaxias argenteys
(filled diamond symbols) on the
three main islands of New Zealand, 35°S —
and place names mentioned in the
text (Chatham Islands not shown).
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were made within a few centimetres of where eagras of wadeable depth for the operator (c. <1 m),
fish was first seen or caught, whereas measuremesfficiently clear to see the bottom, and of a conduc-
of features such as substrate size, and assessmiritg range suitable for electro-fishing (c. 20—400 pS
of habitat features such as cover, were made fram2). Consequently, surveys of giant kokopu habi-
an area c. 1 m in radius from the capture point. tat were concentrated in streams, drains, and shal-
The precise location of individual fish could notow rivers.
be determined accurately using fyke nets, and measHabitat preference curves for water depth, water
urements of features such as substrate compositi@hocity, and substrate size were derived by dividing
and proportion of in-stream cover could not be reathe frequency of use by the frequency of available
ily determined when nets were set in deep and tinabitat (Bovee 1986) using kernel smoothed density
bid water. Thus, electro-fishing was the modgtistributions as described by Hayes & Jowett (1994).
accurate method of ascertaining giant kokopu halfireference curves were scaled to a maximum
tat, although it could only be used where the watpreference value of 1.



16 New Zealand Journal of Marine and Freshwater Research, 2002, Vol. 36

Data from the field surveys were also used inaategories of riparian cover (% native forest cover,
series of discriminant function analyses (Hair et &b exotic forest cover, etc.) were combined into one
1995) on a personal computer using SYSAT 8.0ariable (% riparian cover) and categories of bank
Separate analyses were performed on eigtadmposition (% sloped, % vertical, % slumped, etc.)
groupings of the data (data sets), based were combined into a single variable, % bank sloped.
geographical location (Westland or Southland), fish
size (juvenile<120 mm, or adult >120 mm), for lotic
sites only (there were insufficient data for a separgte&eSULTS
analysis of lentic sites), and for all data sets
combined. Records from the New Zealand

Discriminant function analyses were used to finireshwater Fish Database
the combination of habitat variables that bedthe analyses were conducted in June 1999, when
classified (or discriminated between) sites with arttiere were 14 343 records in the NZFFD, with each
without giant kokopu. Analyses were carried out irecord representing information from one site. Of
a backward stepwise manner so that initially all ththese, 665 were “null” records (i.e., records from
variables were used in the model, then variables thatations where no fish were caught) and 561 (4%)
had the least influence on the presence of giamére records of sites containing giant kokopu. All
kokopu were successively removed. SepaFate the records are from 1949 onwards and were from
statistic values are listed for the variables (habitab4 distinct catchments as defined in “Catchments
features) that remained in the model after backwasfl New Zealand” (Soil Conservation and Rivers
stepping. Jack-knifed classification matrix valueSontrol Council 1956). The map references of 61
were also calculated; these were measures of thiant kokopu records matched those of previous
success of self-testing in the model. For each sitecords, but there was no way to determine how
using data from all other sites, the model predictedany of these sites were actually “repeats” or from
presence or absence of giant kokopu, and the jatibecalities in very close proximity, as sites >50 m
knifed values correspond to the percent correctpart may have been assigned identical map
predicted. references. Thus, comparisons made in this study

Discriminant function analyses were repeated farere based on the assumption that site duplication
all data sets using a set of combined habitat variablegs unlikely to seriously distort the analyses.
as not all the habitat variables measured in the fieldGiant kokopu are widespread around New
were pertinent for both the regions surveyed. F@ealand, but have been encountered most frequently
instance, in-stream log cover was extremely rareatong the western and southern coasts of the South
the Southland streams surveyed so it was not logitsland (Fig. 1). Of the 561 records, 379 (68%) were
to relate this variable to the occurrence of giaffom these regions. These fish have been found in a
kokopu in Southland. Thus, for the second serieswide range of water types, including estuaries,
analyses, categories describing in-stream cover [&goons, swamps, streams, drains, rivers, ponds, and
logs, % vegetation, etc.) were condensed into a siniikes. Although 483 records (86%) came from lotic
variable (% in-stream cover—the proportion of inhabitats, this may not be significant, as 91% of all
stream cover over the streambed). Similarly, variouscords on the NZFFD are from lotic sites. Of the

Table 1 Chi-square values, degrees of freedom (d.f.) and probability from
tests of independence between habitat variables in sites containing giant kokopu
(Galaxias argenteysnd all sites containing fish on the New Zealand Freshwater
Fisheries Database.

Habitat variable X2 d.f. P
Stream size 0.136 36 1
Inland penetration 83.456 7 <0.001
Elevation 9.665 12 <0.001
Species richness 25.625 10 0.004
Water temperature 19.626 29 0.989

pH 142.316 16 <0.001
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giant kokopu recorded in flowing water, 250 (52%) 14
were from small (<10 m wide) streams.

Table 1 summarises the results of chi square tests
of independence for five habitat variables recorded
on the NZFFD; these tests compared the variables
in sites containing giant kokopu with those in all S|teg
containing fish.

The records indicate that giant kokopu do n@
penetrate far inland or to great elevation; 331 (590@
of records were from 10 km inland or less, and 314
(56%) were from elevations of 10 m or less. Giant
kokopu sites had high species richness, and this 0.2 1
species co-occurred with a total of 33 other native
and exotic fish species. It appears that giant kokopu

-

0.6 1

0.4 1

occur more frequently in habitat where brown trout
(Salmo trutta are absent, as brown trout occur in
16.8% of all giant kokopu sites, whereas they occur 1 4
in 31.4% of all NZFFD sites containing fish.

Water temperature and pH were recorded in 146
(26%) and 107 (19%) of giant kokopu sites
respectively. The distribution of water temperature
frequencies was not significantly different fromy,
those at all NZFFD sites. Of the pH records, 89
(75%) were from sites where pH was <7, and tk@
distribution of pH in giant kokopu sites was@ 04
significantly different from all NZFFD sites. o -

0.8 1

0.6 1

Habitat surveys

Habitat measurements were recorded at 128 sites, the
majority (85%) of which were lotic. A total of 56

0.2 1

02 04 06 038 1 1.2
Water depth (m)

(44%) sites contained giant kokopu, and Table 2 0
compares the mean values of measured habitat 0
features in all lotic sites from Westland and 1 4
Southland. The species’ preferences with respect to
water depth, water velocity, and substrate size are
presented as habitat preference curves in Fig. 2.

Results of the discriminate function analyses with
all variables, and the repeated analyses using a cgn-
densed range of variables, are presented in Tableg 30-6 1
and 4, respectively. THevalues in the analyses doé,eJ
not necessarily correlate positively to giant kokopg
occurrence; e.g., the presence of giant kokopu was
negatively associated with water velocity, as mean
water velocity was lower in giant kokopu sites (Ta-
ble 2).

The following five critical habitat features were

0.8 1

0.4 -

0.2 1

0.1 0.2 0.3

Water velocity (m s")

0.4

identified: (1) In-stream cover was the habitat fea- 0
ture most consistently associated with the occurrence 0
of giant kokopu. It appeared that the composition of
in-stream cover might have been less important than

its presence; in Westland, logs in the water were the

50 100 150 200 250
Substrate size (mm)

300

cover that seemed most important, whereas ffy. 2 Water depth, water velocity, and mean substrate
Southland giant kokopu were consistently associateide preferences of giant kokopgbalaxias argenteys
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with in-stream vegetation, plant debris, and bridgebnsidered as a food source by early settlers
culvert structures. (2) Low water velocity was als@Anderson 1916). The decline in giant kokopu
strongly and consistently associated with giamumbers and distribution in developed areas of New
kokopu presence, and fish were rarely found at waealand has been attributed largely to loss of habitat
ter velocity >0.1 m 5. (3) Shade was also ofterfollowing agricultural and urban development
associated with the presence of giant kokopu, aidcDowall 1984).
appeared to be a good predictor of giant kokopu The NZFFD records revealed that giant kokopu
presence in Westland. It is logical to regard shadecur in a variety of water types, including estuaries,
and riparian cover together as a single habitat feavamps, rivers, streams, drains, lakes, and ponds,
ture, because areas with dense riparian cover woaltd some landlocked water bodies where the
normally be shaded, and vice versa. It seems that ffpulations are non-diadromous. They also occur in
presence of some form of riparian cover is morarious forested and pastoral habitats, from forested
important than its composition, as different types streams to pastoral drains. These features are in
riparian cover were often, but not consistently, astrong contrast to shortjawed kokopu, which occurs
sociated with giant kokopu presence, whereas a ladknost exclusively in streams flowing through
of riparian cover (% open) was associated with figgpdocarp/hardwood forests (McDowall et al. 1996),
absence in both Southland and Westland. (4) Inlaadd banded kokopu, which are rarely found in
penetration—giant kokopu were found mainly at lowtreams lacking a forest canopy (McDowall 1990)
elevation and close to the sea, confirming that thos where the bush has been removed (Phillips 1926).
is predominantly a “coastal” species. (5) Water depth Analysis of NZFFD records also indicated that
was also an important feature, although it was propiant kokopu prefer low pH (acidic) water. This
ably the least consistent of the group that showedrtainly fits with the perception that giant kokopu
strong association with the presence of giant kokopare associated with tannin-stained and acidic waters
Unfortunately, only a restricted range of depth@aylor & Main 1987; Main 1988), but it should be
could be sampled effectively during field surveysjoted that pH was measured at only a small
and so discriminative power of this variable magroportion (19%) of the NZFFD sites. The
have been limited. proportion of giant kokopu records from acidic
waters may simply reflect the relative abundance of
the species along the southern and western coasts of
the South Island, where waters are frequently acidic
DISCUSSION and tannin-stained (Collier & Winterbourn 1987;
Giant kokopu are widely distributed throughouwinterbourn & Collier 1987).
much of New Zealand and are known to occur on Overall, statistical analysis of NZFFD records
the three main islands, on Great and Little Barrienust be viewed with caution, as the records may be
Islands, and in the Chatham Islands (Skrzynski 196@complete and biased; some species have vastly
Rutledge 1992). However, they are far from beirdjfferent probabilities of capture (Chadderton &
evenly distributed and most of the records on thdlibone 2000) and may be misrepresented on the
NZFFD originated from the western and southematabase. Moreover, the database is dominated by
regions of the South Island, with relatively fewecords from accessible sites, which may present a
records from the eastern coasts of the North asklewed picture of fish abundance and distribution.
South Islands in the last 30 years. The sparseness oBiant kokopu co-occur with over 30 other
giant kokopu in eastern areas parallels that of thrigeshwater fish species and in many of the NZFFD
other diadromous galaxiid species—banded kokomites where this species was recorded species
shortjawed kokopuG. postvectis and koaro G. richness was high. Brown trout is the species thought
brevipinnig. Of all the whitebait species, only inanganost likely to be incompatible with giant kokopu
(G. maculatu} comes close to being uniformly(McDowall 1990). Taylor & Main (1987) captured
distributed around the country (McDowall 1990). few giant kokopu, banded kokopu, or koaro from
In some parts of New Zealand the giant kokopuwabitats containing adult brown trout in South
is now very infrequently encountered. In SouttWestland, and Allibone (1997) observed a lack of
Canterbury, for example, the species has besympatry between kokopu and salmonids in coastal
recorded on the NZFFD only once since 194@tago. Chadderton & Allibone (2000) attributed the
despite being well known during the mid 1800extensive distribution and wide habitat use of large
(Studholme 1940), and common enough to lgalaxiids (including giant kokopu) in a Stewart
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Island stream to intact catchment vegetatioand in-stream vegetation in pastoral Southland
unmodified stream channel, and the absence drhins.
introduced salmonids. The importance of terrestrial items in the diet of
Trout and galaxiids have frequently been reporteglant kokopu (Jellyman 1979; Main 1988; West
as being spatially segregated within some catch989; Rasmussen 1990) may be linked to their
ments (Frankenberg 1966; Hopkins 1971; Tilzegssociation with overhead shade and riparian
1976; Cadwallader 1979; Jackson 1981; Minnggetation. Their body shape and fin arrangement
1990; Townsend & Crowl 1991). Although a commay also provide them with the capability of sudden
parison of records in the NZFFD indicates that gtbursts” of acceleration necessary to ambush prey
ant kokopu and brown trout are not mutuallin the water (Eldon 1969; Jellyman 1979) and their
exclusive, they are less frequently found togethbilateral accessory lateral line presumably assists
than might be expected given that both species éhem in locating foods near the water surface
widespread and occur in a broad range of water tyg&&cDowall 1997). Thus, riparian vegetation may
throughout the country. supply a source of food, and slow moving, relatively
The habitat preference curves generated fraeep water with in-stream cover may provide
microhabitat surveys indicated that giant kokopeonditions suitable for giant kokopu to ambush their
favoured deep (>0.5 m), and slow moving or stipprey. Riparian and in-stream cover may also provide
water (<0.1 ms)). The giant kokopu curves wereprotection from predation, e.g., by birds such as the
similar to those presented for shortjawed kokogharrier Circus approximans which has been
(McDowall et al. 1996), but dissimilar to those presbserved capturing migrating ripe male giant kokopu
sented by Jowett & Richardson (1995) for eighm shallow water (McDowall 1990).
common riverine species of New Zealand native fish, Some giant kokopu travel considerable distances
particularly with respect to water depth, as most apstream and attain significant elevations
the latter preferred relatively shallow (<0.4 m) wadMcDowall 1990), and juveniles are capable of as-
ter. Knowledge of giant kokopu habitat preferencegnding substantial waterfalls (Hanchet 1990). How-
(including habitat preference curves) seems a fuever, from this study it appears that giant kokopu
damental prerequisite for their conservation andostly do not penetrate far inland, and are mostly
management; Chadderton & Allibone (2000) quesssociated with coastal, low elevation habitats. Land-
tioned the assumption that satisfying the requirtecked (non-diadromous) populations of giant
ments of riffle and run species will providekokopu occur in coastal areas and at considerable
adequately for other species, particularly largeevation and distance from the sea (McDowall
galaxiids. 1990). Overall, however, the description “coastal
It is apparent from this study, particularly fronspecies” is quite fitting, and the probability of en-
discriminant functions analyses, that the presenceaafuntering giant kokopu appears to decrease with
in-stream cover, riparian cover/shade, low watelistance from the sea. It may be that they are coastal
velocity, and deep water in coastal streams is critiaaily because the type of habitat they prefer is found
for the occurrence of giant kokopu. Some of thes¢low elevations, not because of an inability to pen-
features were important for both adult and juveniktrate inland.
fish and for fish in the natural bush streams of This investigation has shown that giant kokopu,
Westland as well as the modified pastoral drains despite being widespread, have distinct habitat
Southland. Consequently, general descriptions @quirements. Although these are apparently
giant kokopu as a coastal, cover-loving fish thaatisfied in a wide variety of situations, the decline
prefers deep slow moving or still waters (e. g., Taylam the distribution and abundance of giant kokopu
& Main 1987; Main 1988; McDowall 1990) areprobably reflects both an overall loss of habitat as
correct. well as significant changes in the quality of habitat
Analyses further indicated that the presence f many areas of New Zealand. Habitats from which
some form of cover might be more important thathe riparian and in-stream cover have been lost are
its composition. A variety of cover features weranlikely to provide suitable conditions for giant
identified from the initial analyses, although nokokopu, particularly in low elevation coastal
consistently so for the two regions surveyed. Wsreams.
interpreted this as meaning that, in each region, giantBecause there are serious concerns about the
kokopu utilised whatever cover was available, faonservation status of giant kokopu, ways of
instance in-stream logs in Westland bush streanessuring its long-term protection are being sought.
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Without knowledge of its habitat requirements, €hadderton, W. L.; Allibone, R. M. 2000: Habitat use
would be difficult to protect the species and make and longitudinal distribution patterns of native
rational decisions about impending land-use changes ~ fish from a near pristine Stewart Island, New
or the establishment of reserves. One of the most ~ £€aland, streanNew Zealand Journal of Marine
effective contributions to ensuring its protection i 2nd Freshwater Research:3#87-499.

to obtain an understanding of the critical features gpllier, K. J.; Winterbourn, M. J. 1987: Faunal and chemi-
habitats favoured by the species. The information €&l dynamics of some acid and alkaline New Zea-
from this study can form a basis for the development ~ '2nd streams=reshwater Biology 1&27-240.

and application of viable strategies for managir@donl G. A. 1969: Observations on growth and behaviour

populations and habitats, and for ensuring the  ©f Galaxiidae in aquariumsuatara 17 34-36.
protection of the species. Frankenburg, R. 1966: Fishes of the family Galaxiidae.

Australian Natural History 15161-164.
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