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Abstract A predictive model of fish community
composition using a reference condition approach is
proposed for the Taranaki region of New Zealand.
The model is used to quantify the effects of barriers
on the migration of native fish in the region. Occur-
rence records of fish in streams without migratory
barriers (reference sites) obtained from the New
Zealand freshwater fish database were used to estab-
lish trajectories of occurrence for each of 12 fish
species with altitude. The relative occurrence per site
for each of the species was calculated and used as
the probability of the presence of that species in that
altitudinal range. Comparison of these probabilities
with the fauna actually found at a test site expressed
as an observed over predicted ratio (O/P) is then used
to compare sites to quantify barrier effects on fish
communities. In a similar way this process can be
used to monitor the effectiveness of fish passes,
where present on dams. Independent data from 85
sites sampled over the summer of 1997/98 were used
to test the predictive model. As an example of a typi-
cal use of the methodology, the effect of a single
hydrodam on fish communities is illustrated.
Keywords diadromy; freshwater fishes; predictive
model; dams
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INTRODUCTION

The use of biological indicators to evaluate anthro-
pogenic effects on running waters has been increas-
ing worldwide in the last two decades. As fish are
at or near the apex of food chains they integrate the
ecological processes of streams and may therefore
be well positioned to act as indicators of stress over
large temporal and spatial scales (Hynes 1970). One
of the most effective ways of using fish communi-
ties in bioassessment is with the reference condition
approach (Harris 1995; Bailey et al. 1998). The ref-
erence condition approach is based on pre-estab-
lished criteria that exist at a wide range of sites rather
than one, or a few control sites. The reference sites
then serve as replicates rather than the multiple col-
lections within sites traditionally used (Reynoldson
etal. 1995). If a large number of reference sites are
sampled then the variation among communities
should represent the range of acceptable conditions.
Furthermore, if a habitat descriptor or set of
descriptors explains a substantial part of the varia-
tion among the reference communities, then using
this descriptor to characterise a site will lead to a
more precise prediction of communities at unim-
paired sites.

In North America a multimetric reference site
approach is taken. The Index of Biotic Integrity (IBI)
uses several fish community attributes to assess
biotic integrity based on unimpacted sites, and has
been shown to be sensitive to a wide range of stresses
(Karr 1981, 1991; Fausch et al. 1984; Karr et al.
1986; Leonard & Orth 1986; Miller et al. 1988;
Steedman 1988; Hoefs & Boyle 1992). The IBI has
been adapted for use in many regions (Fauch et al.
1990; Oberdorff & Hughes 1992; Karr 1994).
However, the low number of species and high
incidence of diadromy in the New Zealand fauna
means that the effectiveness of this index is negated
or at least substantially reduced. In Great Britain,
North America, and Australia a multivariate
predictive model approach using reference sites has
been used effectively with macroinvertebrates to
assess water quality (Wright et al. 1984; Moss et al.
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1987; Reynoldson et al. 1995; Norris 1996). Using
multivariate analysis to characterise invertebrate
community structure, Wright et al. (1984, 1993),
Wright (1995), and Reynoldson (1995) refined their
expectations of community structure at test sites by
first establishing groups of reference communities
with cluster analysis and then finding environmental
descriptors that differed among those groups.
Finally, they used the values for the environmental
descriptors observed at a test site to predict which
community type would be present if the test site was
unimpaired. This reference condition predictive
model approach has the potential to be adapted for
use with fish.

As the requirement to move between the sea and
fresh water is considered to be the most important
factor influencing the distribution of native fish in
New Zealand (Hayes et al. 1989; McDowall 1990,
1993; Jowett & Richardson 1996; Jowett et al. 1996)
any predictive model of fish occurrence must take
migration into account. New Zealand freshwater fish
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differ in their instinctive drive and ability to migrate
up stream and thus each species has a distinctive
elevational trajectory of occurrence (Hayes 1989;
McDowall 1990, 1993, 1996, 1998; Joy et al. 2000).
Therefore, successful predictive models for
describing the distribution of diadromous native fish
in New Zealand must take into account large-scale
variables such as altitude, distance from the sea, and
the presence or absence of barriers to migration
(McDowall 1993, 1996; Joy et al. 2000). These
properties are not accounted for by the IBI.

The objective of this present study was to apply
a reference condition approach with freshwater fish
assemblages to assess the effect of migratory barriers
on those fish in the Taranaki region. To effect this a
predictive model was applied using a habitat
descriptor as a predictor to explain variation in the
reference communities and to characterise the test
sites. Using this predictive model of occurrence,
comparisons can be made between the predictions
and the fish assemblages found at test sites.

Tablel Summary of species found in the Taranaki region of New Zealand from the New Zealand
Freshwater Fish Database (NZFFD) (McDowall & Richardson 1983; Richardson 1989).

No. of sites

Species Scientific name present Migratory
Banded kokopu Galaxias fasciatus 14 Yes
Bluegill bully* Gobiomorphus hubbsi 2 Yes
Brown mudfish* Neochanna apoda 8 No
Brown trout Salmo trutta 183 No
Carp* Cyprinus carpio 1 No
Common bully Gobiomorphus cotidianus 48 Yes
Common smelt Retropinna retropinna 15 Yes
Crans bully Gobiomorphus basalis 45 No
Giant bully* Gobiomorphus gobioides 3 Yes
Giant kokopu* Galaxias argentus 8 Yes
Goldfish* Carassiuus auratus 2 No
Inanga Galaxias maculatus 24 Yes
Koaro Galaxias brevipinnis 23 Yes
Koura Paranephrops planifrons 223 No
Lamprey* Geotria australis 18 Yes
Longfin eel Anguilla dieffenbachii 342 Yes
Perch* Perca fluviatilis 4 No
Rainbow trout Oncorhynchus mykiss 13 No
Redfin bully Gobiomorphus huttoni 136 Yes
Rudd* Scardinus erythrophthalmus 1 No
Shortfinned eel Anguilla australis 97 Yes
Shortjawed kokopu* Galaxias postvectis 10 Yes
Torrentfish Cheimarrichthys fosteri 36 Yes
Upland bully Gobiomorphus breviceps 15 No
Yellowbelly flounder* Rhombosolea leporina 1 Yes

* Present at <5% of sites.
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STUDY AREA

Mount Taranaki is a unique landform in New Zea-
land, a quiescent andesitic volcano rising to 2518 m;
there are more than 140 significant waterways radi-
ating from its slopes (Taranaki Catchment Commis-
sion 1984). All streams emerge at a similar altitude
from native forest into pasture land. Few of these
Taranaki ring plain catchments have been unaffected
by impoundments of some sort and at least 50 dams
and weirs have been identified (Taranaki Regional
Council 1995).

METHODS

Database

Historical records of freshwater fish occurrence for
the streams draining the Taranaki ring plain were
collated from the New Zealand Freshwater Fish
Database (NZFFD: McDowall & Richardson 1983;
Richardson 1989). The NZFFD contains 432 entries
for the Taranaki ring plain region on 102 waterways
but only 296 (68%) of these entries contain close to
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the full range of environmental information poten-
tially available on the database form. The NZFFD
represents the combined effort of many agencies and
individuals. The majority of records (>90%) are from
electro-fishing, whereas the remainder were obtained
using alternative fishing methods such as trapping
and night spotlighting. No attempt has been made
to assess biases that result from these different sam-
pling methods and/or operators. For each of the en-
tries in the database, the length of waterway sampled
ranged from 10 to 350 m, with a mean of 78 m (SE
= 49). The sampling dates span the years between
1978 and 1997, with 157 entries before 1986 and 275
after. There are 25 species of fish and one crustacean
recorded for the Taranaki region, 20 are native and
5 introduced (Table 1).

The 432 entries contain information on fish
species abundance and size, date and time of survey,
stream name, map co-ordinates, survey method,
altitude, distance inland, and whether the site is
above a migratory barrier. Because of considerable
variation in recording methods for abundance on
database forms, the species occurrence records were
converted to presence/absence data for each site.

Table 2 Pearson correlation coefficients for three axes of a DECORANA ordination of Dataset A from the New
Zealand Freshwater Fish Database (NZFFD) sites n = 394 and Dataset B n = 296 sites in the Taranaki region, New

Zealand.

Environmental variable Axis 1 Axis 2 Axis 3

Dataset A

Site above dam -0.41 P<0.001 0.27 0.17

Altitude -0.53 P <0.001 0.32 P<0.001 0.01

Distance inland -0.49 P <0.001 0.39 P<0.001 0.01

Dataset B

Width —-0.09 0.14 0.27 P<0.001
Depth -0.02 -0.00 0.05

Altitude 041 P<0.001 -0.48 P <0.001 0.36 P <0.001
Y still 0.16 -0.08 0.04

% backwater 0.17 -0.11 0.05

% pool 0.15 -0.07 0.02

% run -0.13 0.09 0.18

% riffle 0.01 0.04 -0.04

% rapid 0.10 —-0.01 -0.13

% cascade 0.19 0.05 -0.13

Site above dam 0.32 P<0.001 -0.37 P<0.001 -0.07

Distance inland 0.39 P<0.001 -0.51 P<0.00] -0.17

% mud -0.13 -0.08 0.02

% sand —0.17 0.17 0.23 P <0.001
% fine gravel -0.08 0.06 -0.01

% coarse gravel -0.03 0.04 -0.13

% cobble 0.10 -0.01 0.06

% boulder 0.12 -0.01 —-0.08

% bedrock 0.10 -0.14 -0.07
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A Fig. 1 Axis | as a function of
axis 2 for a detrended correspond-
ence analysis for fish communities
in the Taranaki region from the
New Zealand Freshwater Fish Da-
tabase using Dataset A 394 sites.
Open symbols are sites with free
access; closed symbols are sites
above dams. Vector arrows show
direction of influence of the three
environmental variables used from
the centroid.

0 40
Axis 1

Species present in less than 5% (<14 occurrences)
of the possible sites were also removed from the
dataset, to decrease the effect of rare species. This
left 13 species for further analysis.

The database was subdivided into three datasets—
A, B, and C. Dataset A is the complete dataset with
lotic sites and rare species removed. It has 394 sites,
which includes 13 species and 3 environmental
variables—altitude, distance inland, and whether
there is a downstream blockage. Dataset B includes
only those sites from Dataset A that had a complete
range of substrate and habitat data available. This set
includes 296 sites, 13 species, and 19 environmental
variables (Table 2). Dataset B contained 199 sites
listed on the database cards as having no migratory
barriers. Dataset C, the reference sites for the
construction of the predictive model, is the set of
sites from Dataset A recorded as having no migratory
barriers. Dataset C had 232 sites, and included 13
species and 2 environmental variables—altitude and
distance inland.

Statistical analysis

Fish presence/absence data were analysed using
detrended correspondence analysis (DECORANA),

an eigen-analysis ordination technique, using the PC-
ORD multivariate statistical package (McCune &
Mefford 1997). This is a mathematical treatment of
data designed to produce an objective arrangement
of communities that reflects the similarity of their
taxonomic composition. The presence/absence data
were transformed using Beals Smoothing to reduce
the problem of zero truncation (Beals 1984; McCune
1994). Pearson correlation coefficients between
environmental measures and the DECORANA
scores at the study sites was also calculated by PC-
ORD and a Mantel test was applied to evaluate the
relationship between the environmental variables
and the species matrix. The Mantel method tests the
significance of the correlation between the matrices
by a permutation method, where the rows and
columns are permutated using a randomisation
(Monte Carlo) test.

RESULTS

Ordination of Dataset A graded the sites from those
above dams to the sites without barriers (Fig. 1).
Axes | and 2 accounted for 59 and 15% of the total
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Fig. 2 Axis | as a function of -
axis 2 for a detrended correspond-
ence analysis for fish communities
in the Taranaki region from the
New Zealand Freshwater Fish Da-
tabase using Dataset B 283 sites.
Open symbols are sites with frec
access; closed symbols are sites
above dams. Vector arrows show
direction of influence of significant .
environmental variables from the .

centroid. Axis 2

80 -

40 +

A No dam
A Dam

variance respectively. Taxa associated with the axes
in general split the fish species between migratory
and non-migratory species. Positive taxon
correlations with axis 1 were the migratory redfin
bully (Gobiomorphus huttoni), smelt (Retropinna
retropinna), inanga (Galaxias maculatus),
torrentfish (Cheimarrichthys fosteri), and koaro
(Galaxias brevipinnis) whereas the non-migratory
Crans bully (Gobiomorphus basalis), trout (Salmo
trutta), and koura {(Paranephrops planifrons) were
negatively correlated. The only taxon significantly
positively correlated with axis 2 was koaro whereas
redfin bully, smelt, shortfin eel (Anguilla australis),
and torrentfish were negatively correlated. The three
environmental variables distance inland, altitude,
and whether the site was above a dam were all
negatively correlated with axis 1 and positively
correlated with axis 2 (Table 2). There was a positive
relationship between the species and environmental
data tested with a Mantel test (P = 0.001).

As in Dataset A ordination of Dataset B graded
the sites from those without barriers to sites with
barriers along axis 1 (Fig. 2). The first and second
axes of the DECORANA account for 55 and 24%
of the total variance, respectively. As with Dataset
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Fig. 3 Elevation range and altitude covered by each of
the 10 reference site groups used in the predictive model
from New Zecaland Freshwater Fish Database sites for
Taranaki, New Zealand.
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Fig.4 Trajectories of percentage occurrence for each taxon in each of the 10 altitudinal ranges for the 232 reference
sites in Taranaki, New Zealand from the New Zealand Freshwater Fish Database (see Fig. 3 for altitude range for each

group).

A, the taxa associations were split into migratory and
non-migratory groups. Significant positive species
associations with axis 1 were trout, koura, Crans
bully, and upland bully (Gobiomorphus breviceps)
with koaro the only migratory species, whereas the
significant negative associations with axis 1 were
redfin bullies, longfin eel (Anguilla dieffenbachii),
shortfin eel, torrentfish, and smelt. Axis 2 correlates
positively with shortfin eels, inanga, torrentfish,
common and redfin bullies, and negatively with
trout, koura, Crans bully, and upland bully. Of the
19 environmental variables available with this
dataset only altitude, distance inland and whether or
not the site is above a dam were significantly corre-
lated with the first two axes. They were positively
correlated with axis 1 and negatively correlated with
axis 2 (Table 2).

Development of the predictive model

The 232 sites without migratory barriers (Dataset C)
were used as reference sites for the predictive model
construction. To overcome bias associated with a

reduction in the number of survey sites with
increasing elevation, sites were split into 10 even
groups of 23 sites. This grouping resulted in the
altitudinal range covered by each group increasing
with altitude (Fig. 3). Within each group of 23 sites,
the number of occurrences for each taxon per site
was divided by the number of sites to give the
relative occurrence of that species in each group. The
relative occurrence for each of the species for each
group of sites is the probability of that species
occurring at that elevation or distance inland (Fig.
4). Non-migratory species were excluded from the
model calculations, as their presence or absence is
not assumed to be related to migratory barriers.
However, trout were left in, as their migratory status
is equivocal.

How the model works—an example

In order to compare the predicted fauna with that
actually found at test sites, taxa were divided into two
non-exclusive categories, taxa with probabilities of
occurrence greater than 50% (P 2 0.5 Type A) and



Joy & Death—A predictive model of fish community assemblage

taxa with probabilities of occurrence greater than
25% (P 2 0.25 Type B). The lower cut-off is required
at higher elevations where low species numbers are
expected. Within each of these two probability cat-
egories the number of taxa expected at a test site was
calculated as the sum of individual probabilities of
each of the taxa listed. The number of taxa expected
in each probability cut-off range, expressed as a
percentage of the total number of taxa listed, is then
compared with the taxa captured at the test sites. The
percentage of taxa observed is divided by the per-
centage of taxa expected to give an observed over
predicted ratio (O/P) for each probability category.
A high O/P ratio indicates the number of species
found is more than predicted and low O/P ratio in-
dicates lower number of species than expected.
The procedures involved are illustrated with an
example test site on the Mangatengehu Stream at
230 m elevation (Table 3). Four species were captured
at this site—both eel species, redfin bully, and upland
bully. The probabilities greater than 25% for each of
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the taxa in the altitudinal range 221-260 m are shown
under the two probability cut-off levels. The number
of taxa predicted was calculated by summing the
number of taxa with probabilities exceeding the two
probability cut-offs 0.5 and 0.25. Thus, three taxa were
predicted in the A range and four in the B range. The
number of migratory species captured in those catego-
ries was three because upland bully is non-migratory
and thus not included. Finally the fauna observed (O)
was divided by the fauna predicted (P) resulting in the
observed over predicted ratio (O/P) of 1.53 and 1.31
for type A and B, respectively. The mean of the two
outputs gives a single output figure.

Model testing and application

To test the ability of the model to discriminate
between sites with and without migratory barriers,
data independent of those used in the construction
of model was used. During the summer of 1997/98
eighty-five sites on Taranaki ring plain streams were
sampled at various altitudes by electro-fishing and

Table 3 Method for the calculation of number and percentage of taxa expected at a site in two-probability ranges
P = 0.5 and P = 0.25, their relationship with observed values, and the resultant observed over predicted (O/P) ratio.
Adapted from Moss et al. (1987). (NZFFD = New Zealand Freshwater Fish Database.)

NZFFD Site No. 17601
Mangatengehu Stream

Captured at
test site

Probability of occurrence
cut-off levels

Type A P=0.50 TypeB P =025

Taxon

Gobiomorphus huttoni
Retropinna retropinna
Anguilla dieffenbachii
Salmo trutta
Gobiomorphus basalis
Galaxias postvectis
Anguilla australis
Cheimarrichthys fosteri
Galaxias maculatus
Galaxias fasciatus
Gobiomorphus cotidianus
Galaxias argentus
Geotria australis
Gobiomorphus breviceps
Galaxias brevipinnis
Gobiomorphus hubbsi
Gobiomorphus gobioides

No. of taxa predicted (sum of taxa with probability greater than category)
No. of taxa expected (sum of individual probabilities of occurrence)

No. of taxa captured (only if migratory)

Percentage of predicted (taxa expected no. expected/no. predicted %)
Percentage of taxa observed (no. captured/no. predicted %)

O/P ratio (percentage of taxa O/P of taxa expected)

v 0.54 0.54
0 0
v 0.83 0.83
0.58 0.58
0

0.33
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spotlighting similar to the methods used in the
NZFFD. The data was run through the model and the
O/P ratio calculated for the two-probability cut-off
levels. The test data consisted of 32 sites classified
as having a migratory barrier and 53 sites thought
to have free access. The O/P ratios for the type A
and B cut-off levels were averaged and the resultant
ratio for sites with free migratory access was found
to be significantly greater than the ratio for sites with
barriers (T g3 = 5.53; P <0.0001). The mean O/P ratio
for sites above dams was 1.03 (SE = 0.093) and with
free access 1.77 (SE = 0.088), that is more fish
species for a given altitude occurred in rivers with
free access than with dams.

State Hig
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Fig. 5 Site map showing the po-
sitions of survey sites stars in rela-
tion to the Motukawa Dam on the
Manganui River, Taranaki, New
Zealand. Open symbols are sites
with free access; closed symbols
are sites above dams. Relative size
of star indicates large or small ob-
served/expected ratio.

yay 3

Application example using a single dam

Fish occurrence details for eight sites above the
Motukawa Dam on the Manganui River and 23 sites
at varying elevations on tributaries entering the river
below the dam were used to test the model. The
Motukawa Dam on the Manganui River diverts most
of the flow from the river via a channel to a hydro-
electric scheme, although a small residual flow is left
in the old riverbed (Fig. 5). These survey results were
run through the model and mean O/P ratios for above
and below the dam calculated. The resulting ratios
for type A and B cut-off levels were averaged and
the resulting ratio for sites without barriers was again
found to be significantly greater than for sites with






