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3 March 2010 FROM: Nicky McIndoe
DIRECT: +64 4 498 6371
. MOBILE: +64 27 350 5021
The Chairperson FaX: +64 4 472 7111
Water E—fearing Panel EMAIL:  nicky.mcindoe®chapmantripp.com

PARTNER: Suzanne Janissen

Horizons One Plan REF: 052352963/1055950.2

C/- Robyn Harrison, Hearings Administrator
by email

REQUEST FOR FURTHER INFORMATION - FONTERRA CO-OPERATIVE GROUP
LIMITED

Introduction

1 On Friday 19 February, Fonterra Co-Operative Group Limited (Fonterra) presented
submissions and evidence to the Water Hearing Panel (the Panel) on the Water
Chapters of the Proposed One Plan (One Plan).

2 At the hearing, the Panel requested that Fonterra provide the following further
information:

2.1 Submissions on the relationship between sections 30(1)(fa) and 30(4) of the
Resource Management Act 1991 (RMA);

2.2  Alist of catchments in the Region which were considered to be sensitive for
the purposes of the Primary Sector Water Partnership (PSWP);

2.3 Comments from Fonterra’s witness, Dr Mike Scarsbrook, on the latest version
of the water quality targets listed in Schedule D of the One Plan;

2.4  References for studies regarding the effects of trout on stream ecosystems;

2.5 Data about average Nitrogen-loss (N-foss) rates in other regions; and

2.6 Clarification as to which sentence was being referred to in Foothote 22 of
Dr Terry Parminter’s evidence (Dr Parminter appeared as a witness on behalf
of Fonterra).

This letter provides the above information.

Sections 30(1)(fa) and 30(4)

3 As the Panel is aware, it is a function of a regional council, if appropriate, to
establish rules in a regional plan to allocate any of the following (section 30(1)(fa)):

3.1 The taking or use of water (other than open coastal water);

3.2 The taking or use of heat or energy from water (other than open coastal
water);
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3.3 The taking or use of heat or energy from the material surrounding geothermal
water; and

3.4 The capacity of air or water to assimilate a discharge of a contaminant.

Section 30(4)(f) provides that a rule to allocate a “natural resource” established by a
regional council in a plan under section 30(1)(fa) or 1(fb), may do so in any way,
subject to a number of fisted criteria. This includes the requirement to ensure that
the allocation of water does not affect the activities authorised by section 14(3)(b)
to (e) (domestic needs, stock drinking water etc).

Water is included in section 2 RMA as a “natural and physical resource”. Therefore,
when establishing rules pursuant to subsection 30(1)(fa), such as, for example, “the
taking or use of water”, the proposed rule must not offend the criteria listed in
section 30(4). Therefore, section 30(4) should be seen as a further gloss on
sections 30(1)(fa) and (fb). Rules made under these subsections are subject to
subsection 30(4).

The use of the word “natural resources” in section 30(4) encompasses more than
water. This is likely because sections 30(1)(fa) and (fb) (which are subject to
30(4)) refer to other natural resources, such as air.

Both sections 30(1)(fa) and (fb) and section 30(4)(f) RMA were introduced by the
Resource Management Amendment Act 2005. It would appear from reviewing
parliamentary commentary that these provisions were introduced primarily so as to
remove any legal doubt that the allocation of natural resources, including water, is a
function of regional councils under the RMA.

Accordingly, in Fonterra’s submission, when making rules which allocate the taking
or use of water (under section 30(1)(fa)(i)), the allocation must not affect the
activities authorised by section 14(3)(b) to (e) (nor offend against the other criteria
listed in section 30(4)).

Catchments identified in the Primary Sector Water Partnership

During the 2008-2009 year, the PSWP met with representatives of all Regional
Councils at least once to determine which catchments each Regional Council saw as
priority catchments for action by the PSWP, This is documented in the PSWP Annual
Report (attached as Appendix A). The Annual Report has only just been released
and was unavailable at the time Fonterra’s evidence in chief was provided. The
catchments that were put forward by Regional Councils were:

9.1  Waipu (Northland);

9.2 Hoteo (Auckland);

9.3 Upper Karapiro (Waikato);

9.4 Lower Kaituna (Bay of Plenty);

9.5 Huatokitoki, Porangahau, Ngaruroro, Taharua (Hawkes Bay);
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9.6 Upper Manawatu (Manawatu- Wanganui - Horizons};
9.7 Orari, Selwyn Hills (Canterbury);

9.8 South Otago, Upper Taieri (Otago); and

9.9 Waihopai, Balfour, Waimea (Southland);

The PSWP selected catchment programmes for uptake on the basis of whether their
fnvolvement would add “real value”. The final catchment programmes selected
were:

10.1 Hoteo (Auckiand);

10.2 Upper Karapiro (Waikato);

10.3 Ngarurorc (Hawkes Bay);

10.4 Upper Manawatu (Manawatu/ Wanganui - Horizons);

10.5 Canterbury Plains (Environment Canterbury decided that the greatest value of
PSWP involvement would be in providing a conduit for a collaborative
discussions on water and nutrient management issues within the Region); and

10.6 Balfour (Southland).

Comments on Revised Schedule D

Fonterra’s witness, Dr Mike Scarshrook, has prepared a supplementary statement of
evidence about the One Plan’s revised Schedule D: Water Quality Standards. His
evidence is attached as Appendix B,

Impacts of trout on ecosystems
Appendix C to this letter contains two articles which discuss the impact of trout on
New Zealand ecosystems. These are:

12.1 An article by R M McDowall of the National Institute of Water and Atmospheric
Research tilted “"Impacts of Introduced Salmonids on Native Galaxiids in New
Zealand Upland Streams: A New Look at an Old Problem”; and

12.2 An article by Alexander Flecker and Colin Townsend , Department of Zoology,
University of Otago, Dunedin, titled “Community-Wide consequences of trout
Introduction in New Zealand streams.”

Data about nitrogen-loss in other regions

As indicated by Fonterra’s witnesses during the hearing, the gathering of accurate
data on regional N-loss from farms is very difficult. Gathering the information for
the Manawatu-Wanganui Region was a very resource intensive process. To provide
equivalent information for even one or two other regions would require a major
resource investment by the farming and fertiliser industries.
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14 Given N-loss levels are an outcome of soil type, rainfall, land area in dairying, and
cow numbers per hectare, the N-loss levels between regions will differ as markedly
as these four factors differ.

15  There is no comprehensive information publically available about N-loss in other
regions. While many Overseer files exist for other regions, data confidentiality
prevents its release.

16  The increased focus on the issue of diffuse nutrient loss will require imporoved
access to such information, and the Dairy and Fertiliser industries are currently
working together to address this. It is envisaged that these issues will be addressed
within the next 3 months, and data from Horizons and other regions is expected to
be used to better understand appropriate benchmarks and targets.

Footnote in Terry Parminter’'s evidence

17 Footnote 22 of Terry Parminter’'s evidence in chief says “see paragraph 32 of the
Section 42A Report of Dr Monaghan.” The specific sentence within paragraph 32 of
Dr Monaghan’s Report which Dr Parminter was referring to was the following:

"While it is unclear whether this scheme can be defined as a regulatory or
non-regulfatory approach (it can be argued it is a mix of both).”

18 I trust this information answers the Panel’s questions, However, please contact me
should you require any further information from Fonterra.

Yours faithfully

Nicky McIndoe
SENIOR SOLICITOR

DIRECT: +64 4 498 6371
EMaIL:  nicky.mcindoe@®chapmantripp.com
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APPENDIX A - PRIMARY SECTOR WATER PARTNERSHIP ANNUAL REPORT
2008/ 2009
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APPENDIX B ~ SECOND SUPPLEMENTARY STATEMENT OF EVIDENCE OF
DR SCARSBROOK
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Before Hearing Commissioners at Palmerston North

under: the Resource Management Act 1991

in the matter of: Submissions on chapters 6, 13 and 15 of the Proposed
One Plan

between: Fonterra Co-operative Group Limited
Submitter

and: Manawatu-Wanganui Regional Council
Respondent

Second statement of supplementary evidence of Dr Michael Robert
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SECOND STATEMENT OF SUPPLEMENTARY EVIDENCE OF DR
MICHAEL ROBERT SCARSBROOK FOR FONTERRA CO-
OPERATIVE GROUP LIMITED IN RESPONSE TO QUESTIONS
FROM THE PANEL

INTRODUCTION

1 My full name is Michael Robert Scarsbrook and I have the
qualifications and experience described in my Evidence in Chief
(EIC). Irepeat the confirmation given in that statement that I have
read and agree to comply with the Code of Conduct for Expert
Witnesses,

2 In this second statement of supplementary evidence I respond to a
question from the Water Hearing Panel regarding Schedule D: Water
Quality Standards, of the Proposed One Plan (POP), dated 23
November 2009 (the Revised Version of Schedule D). The Panel has
asked for my comments on the Revised Version of Schedule D.

COMMENTS ON THE REVISED VERSION OF SCHEDULE D

D1: Standards that apply to all natural streams and rivers
(page D-3).

3 I consider that the standard applied to AQMCI of “No statistically
significant reduction” is problematic because sample size is a key
determinant of statistical significance in traditional null hypothesis-
based statistics. As sample size increases, the detectable difference
between two sample means decreases {i.e. the larger the sample,
the more likely that a statistically significant result will be
produced). I recommend that a standard based on ecoleogical
significance (rather than statistical significance) be used. For
example, "Maintain existing QMCI values within given range of
values relevant to that stream (i.e., >120, 100-120, 80-100 etc.).”

Schedule D: Standards Key (D-18).
4 I have comments on the following terms used:

4.1 “Periphyton (rivers)” - The appropriate statistic for algal
biomass (Chl a; mg/m*) needs to be defined. Is it annual
average or maximum?

4.2 “DRP" -“The annual average concentration...shall not
exceed...unless natural levels already exceed this standard”.
and "SIN”. - “The annual average concentration...shall not
exceed...unless natural levels already exceed this standard”.
The biggest issue I see here is the definition of “natural
levels” — where do these values comes from?

4.3 Accordingly, I recommend the following alternative wording
“The annual average concentration...shall not exceed

092352962/1056006.2



measured or modelled annual average concentrations under
appropriate reference conditions. If appropriate reference
conditions are not available the annual average
concentration...shall not exceed 0.444 g/m> SIN OR 0.015
g/m> DRP ", Table D.2a would need to be populated with
appropriate reference conditions.

4.4 It is my view that significant uncertainty exists between the
levels of DRP and SIN in Table D.2a and periphyton biomass,
which is the dependent variable of interest for the purposes of
managing a range of values. For this reason I would prefer to
see nutrient targets (not “standards”) linked to reference
conditions estimated through direct measurement or
modelling (e.g. CLUES), wherever practicable,

Dr Michael Scarsbrook
3 March 2010
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APPENDIX C — ARTICLES ABOUT THE EFFECTS OF TROUT ON STREAM
ECOSYSTEMS
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Impacts of Introduced Salmonids on Native Galaxiids in New
Zealand Upland Streams: A New Look at an Old Problem

R. M. McDowaLL*

National Institure of Water and Amospheric Research,
Post Office Box 8602,
Christchureh, New Zealand

Abstract,—Since brown trout Sa/mo trutte and rainbow trout Oncorhynchus mykiss were iniro-
duced inio New Zealand in the fate 1800s, there has been a decline in the abundance of native
fish that is often atiribured to predation by them. The evidence is largely circumstantial, however,
and habitat detericration may also have played a role. Nor is predation the only means by which
introduced trout might be having a negative impact on native fish. Studies of trout population
siream ecology show that trout may consume the entire annual benthic insect production of streams,
leading 1o a trophic cascade that is evident in the proliferaiion of periphyton in the relative absence
of invertebrate grazing. Changes in the behavior of both benthic invertebrates and native fish are
also believed to have resulted from trout predation. The observed level of benthos predation
suggests that an additional impact of trout on native fish may lunction through a feedback loop:
native fish may be less able 10 obtain food owing to changes in their own behavior, insect behavior,
and insect abundance. all of which are induced by trout predation.

New Zealand is known globally for its trout fish-
ing. Trout are abundant owing to extensive areas
of hard-rock spawning gravel in small to medium-
sized cool, clear-flowing streams in the upland
headwaters of New Zealand’s many rivers (Hobbs
1948). The size of the trout raises questions as to
where the food/energy comes from for them to
achieve such size (Hayes [996a; Hayes et al.
2000). New Zealand’s trout are all acclimatized
from Europe and North America, having been in-
troduced by settlers during the late 19th century
(McDowall 1990a). Most widespread are brown
trout Salmo trutta, but rainbow trout Oneorhvachus
mykiss also occur widely and brook trout (also
known as brook char) Salvelinus fontinalis are pre-
sent intermittently (McDowall 1990a). There is a
strong perception that the trout species introduced
into New Zealand have had harmful impacts on
the indigenous freshwater fish fauna, especially the
galaxiids, which predominate among the country’s
rather sparse indigenous freshwater fishes (20 of
about 36 species; McDowall 1990a, 2000). These
alleged impacts have mostly been attributed to pre-
dation on the native species by trout (McDowall
1968; Townsend and Crowl 1991; Allibone and
MclIntosh 1999). However, growing knowledge of
the way stream ecosystems function, both in New
Zealand (Flecker and Townsend 1994; Huryn
1996, 1998; Mcintosh and Townsend 1996; Biggs

* E-mail: rmedowall@niwa.criinz
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¢t al. 2000) and elsewhere (Mittelbach 1986; Gil-
liam et al. 1989; Power 1992; Cowan and Peckarsky
1994), suggests that other ccosystem processes
may also be important in mediating the ¢ffects of
the introduced trout on the native fauna and eco-
systems. It is the purpose of the present paper to
explore these processes and their role in the re-
lationships between introduced trout and native
galaxiid fishes in New Zealand streams.

Synopsis of the Evidence

Impacts of Trout on Galaxiids: Historical
Perspectives

Trout have been highly successful in New Zea-
land streams. Their ““fit” with existing habitats
was very good {(Moyle and Light 1996), and their
success seems to have been almost inevitable
(Townsend 1996); certainly, with hindsight it is no
surprise. The abundance of cool, swift-flowing
streams has undoubtedly been a major contributor
to trout success. There was little concern about the
effects of trout during the early years, as colonial
New Zealand was cuphoric about the superb trout
fishing that was available (Spackman 1892). Con-
cern for the conservation of native fish began to
emerge in the 1960s (McDowall §968), especially
as knowledge of native species grew. These con-
cerns were based mostly on the perception that
indigenous fish now had reduced distributions and
lowered abundance and that the distributions of
native and exotic fish were becoming increasingly
complementary (McDowall 1968). Quantitative
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evidence and causal explanations were often lack-
ing, however.

This paucity of information is no surprise. As
was usually the case when species were introduced
into new habitats (especially in the [9th century),
no studies were undertaken before or afterward to
assess the potential or actual impacts. Moreover,
until about the 1950s, New Zealand’s indigenous
freshwater fish fauna was so poorly known that
there was little basis for comparison. Expressions
of concern for native fish were provoked mostly
by circumstantial evidence. In addition, proving
these sorts of impacts is difficult around the world.
Even in North America, where there has been vast
rescarch on salmonid fishes, it is stifl difficult to
predict the effects of translocating one salmonid
into the habitat of another or even to quantify the
effects when such translocations have been un-
dertaken (Fausch 1988; Moyle and Light 1996).

The impacts have sometimes been clearer in
New Zealand lakes, such as those of the central
North Island, where trout rapidly decimated pro-
lific lacustrine stocks of Galaxias brevipinnis—to
the extent that trout stocks were in major decline
owing to the lack of a forage fish species. They
were only “‘rescued’ by the introduction of an-
other indigenous forage fish Refropinna refropin-
na, which, for unknown reasons, has withstood
trout predation on a sustained basis (McDowall
1990a, 1990b).

Concern about the apparent, though largely un-
quantified, decline and loss of stocks of various
stream galaxiids has persisted. Habitat deteriora-
tion may have played a role in some parts of New
Zealand, but this is an unlikely explanation for the
decline of native fish in the many areas where
stream habitats remain pristine; as a result, the
decline in galaxiids has often been attributed to
the impacts of trout. The situation became serious
enough for the New Zealand Fish and Game Coun-
cil, which manages New Zealand’s trout fisherics,
to commission a review of the status of native fish
and the threat to them from introduced trout (Al-
libone and Mclntosh 1999).

New Zealand is not unique in its concern about
the impacts of trout, especially brown trout, on
indigenous galaxiids. There are similar concerns
i Australia (Tilzey 1976; Jackson [1981; Linter
mans 2000}, southern Africa (Ashton et al. 1986),
and even the Falkland Isiands (McDowall et al,
2001). Ault and White (1994) examined the habitat
preferences of brown trout and G. rrutiaceus in
Tasmania, claiming that there is “strong evidence
that {trout] adversely affect populations of G. trui-
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tacens’ and that the “similarity of their habitat
preferences (in allopatry) strongly suggest[s] . ..
interspecific competition™; they then pointed to G.
fruttaceus's having evolved little or no defense
against large piscine predafors” (present author’s
emphasis), but unsurprisingly conceded that “‘the
causal mechanism [of the harmful impacts of troue]
remains to be established.” Similar impacts on gal-
axiids seem likely in Patagonian South America,
where trout are widespread (Campos 1970; Navas
1987; Macchi et al. 1999), though such impacts
are undocumented.

The Reproduction of Galaxiids and Trout

Upland New Zealand galaxiids spawn in spring
(Cadwallader 1976; Allibone and McDowall 1997;
Allibone and Townsend 1997; Moore et al. 1999).
Larvae hatch at a length of about 10 mm and form
small, loose shoals around slack margins of runs
and pools. They continue shoaling over the sum-
mer untif they are around 30-35 mm long
(McDowall 1990a), when they become cryptic
among the cobble substrate of streams (at least by
day).

Brown trout spawn in autumn and early winter,
and their young emerge from the gravel at around
30 mm in length during spring (Hobbs 1948},
They, too, form loose shoals around slack margins
of runs and pools and so will be cohabiting these
waters with the much smaller young of galaxiids.
When juvenile trout and shoaling galaxiids co-
occur in the streams during spring and summer,
the trout will always have a big size advantage
aver the galaxiids. Trout life history thus appears
perfectly adapted for emerging trout juveniles to
prey on the new cohort of galaxiid larvae and to
compete with them for food and space. (There is
perhaps a distinct irony that juvenile galaxiids may
remain shoaling in open waters to avoid predation
by the larger adult galaxiids living within the sub-
strate cobbles of stream riffles and in doing so
become vulnerable to trout predation.)

Introduced Trout and Stream Ecology in New
Zealand

Allen (1951) endeavored to develop a food-
growth budget for the trout population of a New
Zealand stream and found that the stream produced
inadequate food to support its trout population.
Huryn (1996) readdressed this guestion—not for
Allen’s Horokiwi Stream, since its trout population
was nearly defunct owing to habitat degradation
(Jellyman et al. 2000)—but for small streams in
southern New Zealand. Like Allen, Huryn found
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that there was not enough benthic invertebrate pro-
duction in the stream to support the observed
growth of the trout, though this growth became
possibie when the food supply was augmented by
the input of terrestrial and hyporheic invertebrates
as well as trout cannibalism. Huryn (1996, 1998}
compared ecosystem production from two neigh-
boring tributaries of the Taieri River. In a “gal-
axiid® stream, less than 20% of benthic production
was neceded to maintain the fish stock, so that the
rich benthic insect community remaining could
graze periphyton production and prevent it from
proliferating. In a similar “*trout” stream, however,
the trout preyed heavily on the benthos and so few
insects remained to graze the periphyton that there
was substantial periphyton proliferation. Biggs et
al. (2000) similarly found that the periphyton bio-
mass in several galaxiid streams was lower than
that in comparable trout streams and attributed this
to the higher biomass of herbivorous benthic in-
sects in the galaxiid streams. Part of the difference
in the intensity of prey consumption between gal-
axiid and trout streams may lic in the fact that
trout feed during the long summer days in southern
New Zealand, whereas the galaxiids feed during
the reciprocally brief summer nights.

Meclntosh (Mclntosh and Townsend 1996, 1998;
MclIntosh 2000a, 2000b) compared the behavior of
invertebrates in the presence of a native galaxiid
predator with their behavior in the presence of
brown trout (a novel, introduced predator) in both
experimental channels and natural streams. He
found that with galaxiids present prey animals
spent more time on the exposed surfaces of sub-
strate cobble but that with trout present they were
more cryptic, spending more time beneath the cob-
ble, This change of behavior in the presence of
trout was interpreted as an evolved adaptive re-
sponse by prey te heavier predation by trout. It
may have implications for the benthic invertebrate
drift and consequential impacts on fish feeding.

Thus, where trout population densities are high
there are cascading effects on the stream ecosys-
tem (Flecker and Townsend 1994; see also Power
1992; Mclntosh and Townsend 1996); a combi-
nation of heavy predation by trout on the stream
benthos, reduced numbers of insects, and less time
being spent on exposed surfaces by invertebrates
reduces the consumption of periphyton, which pro-
liferates.

Recent Studies on Trout—Galaxiid Relationships

Townsend and Crowl (1991) examined in detail
the relationships between galaxiids (which form a
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species complex in southern New Zealand; Alli-
bone et al. 1996; Waters and Wallis 2001) and
brown trout in one river system, the Taieri. A cen-
sus of the fish populations across this system
showed that trout and indigenous galaxiids had
strongly complementary distributions. Of 198 sites
examined, only trout were present at 71 sites; only
galaxiids were found at 64 sites (typically in head-
water streams above falls impassable to trout);
both species were present at only 9 sites; and there
no fish at 64 sites. The best predictor of the pres-
ence of galaxiids was the absence of trout (Town-
send 1996). It was conciuded that falls were pre-
venting invasions by trout into ““fringe™ upstream
habitats in these small waterways where galaxiids
persist but from which trout were excluded. Al-
libone (1999) described strongly complementary
distributions of trout and galaxiids in tributaries
of Lake Mahinerangi (a hydroelectricity reservoir)
on the Waipori River, a Taieri River tributary less
intensively studied by Townsend and Crowl
(1991). Although compelling, most of these ob-
scrvations were largely circumstantial: cause and
effect were not explicitly identified.

The only study T am aware of that further pur-
sued the question of trout impacts on galaxiids was
in Australia, where Lintermans (2000} examined
mutually exclusive distributions of rainbow trout
and G. ofidus in a small subaipine stream, Gal-
axiids were present in headwater streams inacces-
sible to trout, and trout were in a more downstream
reach both above and below an impassable fall. It
looked as though the downstream range of G. ofi-
dus was being limited by the presence of trout.
Trout were removed above the barrier, and over a
4-year monitoring period the galaxiids spread
downstream into the former trout habitat. Al-
though trout persisted below the barrier, galaxiids
were never observed there. It appears that prior to
trout removal galaxiids moving downstream did
not survive where trout were present and trout
were preventing the occupation of this reach of
stream by galaxiids. Again, the evidence for trout
impacts was circumstantial, and the cxperiment
has not been replicated (though the recovery of
the galaxiid population after trout exclusion is
compelling evidence for trout impacts on galax-
iids).

Mechanisms of Trout Impacts

It has been usual to attribute native fish declines

in the face of the trout invasion in New Zcaland

to predation by trout, or sometimes to competitive
displacement (McDowall 1968, 1990a, [990b;
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Townsend and Crowl 1991; Townsend 1996; Al-
libone and McIntosh 1999). Early discussions of
the impacts of trout on galaxiids (McDowall 1968)
hypothesized disadvantages of an impoverished,
indigenous, remote-island freshwater fish fauna
when confronted with larger predatory species
from a speciose, continental fauna, a notion that
dates back to Darwin (1859; see also Darlington
1957; Elton 1958). Townsend and Crowl (1991}
elaborated on this view, arguing that *“‘predation
is the most likely mechanism, . . . the strong pre-
dation effect [being] probably a result of New Zea-
land’s comparative paucity of native piscivorous
fishes, resulting in a native fish fauna having no
evolved defenses.” There are, no doubt, clements
of truth in this view, but it may also be somewhat
simplistic. Why, for instance, has the small en-
demic New Zealand freshwater snail Poramopyr-
gus antipodarum been so strikingly successful in
Australia, Europe, and North America (Zaranko et
al. 1997; Schreiber et al. 1998; Strayer 1999;
Carlsson 2000)? It is easy to attribute causes to
such effects but far harder to test such ideas rig-
orousky.

The results of Townsend and Crowl (1991), with
galaxiids upstream of falls and trout downstream,
do engender the spectre of predatory trout waiting
to engulf any galaxiids unwise enough to move
downstream. This spectre is reinforced by labo-
ratory observations by Crowl et al. (1992) and
Glova (1990), which showed juvenile galaxiids to
be vulnerable to trout predation in captivity. Sim-
ilarly, there is little doubt that the trout populations
of the central North Island lakes were initially
“driven™ by the rich food resource of lacustrine
juveniles of G. brevipinnis until the prey popula-
tions succumbed to predation by the trout (Mc-
Dowall 19904, 1990b). Glova and Sagar (1993)
concluded that ““the more important mechanism in
galaxiid—salmonid interactions appears to be pre-
dation,” though they presented no data. But they
also regarded predation as ““most probably mini-
mal, as the salmonids . . . comprised, almost ex-
clusively, underyearling fish (too small to be a
significant predator on galaxiids).” The possibility
that small trout prey upon the much smaller, newly
hatched larval and juvenile galaxiids during their
co-occurrence in stream habitats in spring was not
addressed.

The Role of Competitive Displacement

Indigenous fish may be no better adapted than
stream insects to cope with the presence of trout.
Meclntosh et al. (1992), for instance, found that in
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artificial stream channels galaxiids spent less time
in favored food-gathering sites when trout were
present, the galaxiids presumably being unable (or
unwilling) to compete with trout for these sites.
Glova (1990} also argued for competitive displace-
ment of galaxiids by trout based on agonistic in-
teractions observed in a stream simulator. Despite
these observations, Glova et al. {1992) surmised
that temporal differences in feeding activity be-
tween galaxiids and trout ““contribute substantially
to lessening the interactions between them™ and
that overall there was “‘no apparent evidence of
regulatory e¢ffect on the abundance and condition
of galaxiid populations sympatric with salmo-
nids. . .. The fish appeared to be in good condi-
tion™ (though they presented no data on condi-
tion).

Other Likelv Mechanisms aof Trowt Impacts

Though the tendency in the past has been to lock
at direct impacts between trout and galaxiids (like
predation and competitive exclusion), the situation
may not be that simple. It is becoming increasingly
recognized that introduced organisms can have
widespread effects on the connected aspects of bi-
ological communities. As Flecker (1992) pointed
out, there has been a shift in focus from *‘the in-
fiuence of predators on paiterns of prey abundance
to the consequences of predation on fish behav-
iors,” with “fish predation [being] an important
evolutionary force in shaping drift behavior of lo-
tic mayflies”” (see also Cowan and Pekarsky 1994).
However, even more subtle interactions seem like-
ly, and particularly feedback effects. These may
involve altered animal behaviors that reduce the
availability of resources shared with other species
or feedback effects that influence interspecific in-~
teractions (Power et al, 1985; Gilliam et al. {989;
Wootton 1994). Flecker (1992) showed that “*may-
flies from . . . streams containing drift feeding
fishes displayed a clear nighttime bias in drift”
and, moreover, that the mayfiies underwent *‘rapid
evolutionary change in behavior when exposed to
an exotic predator.”” That is, mayfly activity was
increasingly restricted to the night hours *““as pre-
dation risk became more intense.”” This apparently
prevalent behavioral adaptation {Mittelbach 1986)
may have varied indirect consequences that in-
volve prey behavior and both inter- and intraspe-
cific competition. When stream invertebrates are
reduced in abundance and adopt more cryptic be-
havior, periphyton grazing may be curtailed, which
would further depress benthic inseet production as
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well as making the benthos less accessible to fish
predators.

Tillyard (1920} long ago suggested that aquatic
insect populations in New Zealand had declined
as a result of trout predation. Allen (1951), and
more recently, Huryn (1996, 1998) have shown
that the trout populations present in some New
Zealand streams can consume all available benthic
invertebrate production. The work of Mclntosh
{(MclIntosh and Townsend 1996, 1998; McIntosh
2000a, 2000b) is consistent with Flecker’s {1992)
findings that novel behavioral traits evolved rap-
idly to reduce the predatory impacts of introduced
trout; invertebrates in a New Zealand stream be-
came more cryptic, spending more time beneath
substrate cobble during the daytime when sub-
Jjected to trout predation.

Impacts other than predation and competition
arc indicated if we bring together the results of the
following New Zealand studies: (1) Huryn (1996,
1998) on the high levels of consumption of benthic
prey by trout; (2) Flecker and Townsend (1994),
Melintosh and Townsend (1996), and Biggs et al,
(2000) on the trophic cascade resulting from heavy
trout predation on the benthos, which leads to the
proliferation of periphyton owing to low grazing
pressuie; (3) Mclntosh and Townsend (1996,
1998) and Mclntosh (2000a} on the behavior of
benthic stream invertebrates in response to the in-
traduction of trout and their predatory pressure on
benthic prey; and (4) Mclntosh (2000b) showing
the modified behavior of galaxiids in response to
the presence of trout.

Lima and Dill (1990) explored the general ques-
tion of alterations in behavior by animals exposed
to predation tisk, pointing to the potential tradeoff
between obtaining food or becoming food and con-
cluding that animals are capable of evaluating the
costs and benefits involved and meodifying their
behaviors accordingly (see also Milinski 1986).
Possibly this principle applies to galaxiids, which
may be more cryptic and spend less time feeding
when exposed to trout predation {Mclntosh
2000b). Is it then possible that an impact of trout
on galaxiids in New Zealand streams is to so re-
duce the stream insect fauna (food) accessible to
them and to so alter their foraging behavior that
the galaxiids are seriously food limited? This will,
in part, depend on what galaxiids cat and how they
obtain their food.

The Diet of New Zealand’s Upland Stream
Galaxiids

All of the rescarch undertaken on the diets of
several indigenous galaxiids inhabiting gravelly
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headwater streams and rivers shows that they eat
stream invertebrates almost exclusively (G. vul-
garis: Cadwallader 1975; Glova and Sagar 1989a,
1989b, 1993; G. divergens: Hopkins 1963; G. de-
pressiceps, G. anomalus, and G. eldoni, Allibone
and Townsend 1998; G. pwlinus: Alibone and
McDowall 1997; G. paucispondvius: Bonnett et al.
1989; Glova and Sagar 1993; G. prognathus: Bon-
nett et al. 1989; Glova and Sagar 1991). Less is
known about the feeding behavior of these fish
species, though they are thought to be (at least
substantially) drift feeders (Cadwallader 1975;
Glova and Sagar 1989a; Hayes 1996Db; Allibone
and McDowall 1997, Allibone and Townsend
1998). The galaxiids seem to adopt a feeding strat-
egy not unlike that of trout (Glova 1990; Giova et
al. 1992; Glova and Sagar 1993; Hayes et al.
2000). Thus, there would likely be overlap be-
tween galaxiids and trout, both in their feeding
positions in streams and in the prey they consume,
though there may be diel differences in the timing
of feeding (Glova et al. 1992). In general, like
brown trout, galaxiids seem to be opportunistic
stream invertebrate predators, though they show a
bias towards soft-bodied prey (Allibone and Town-
send 1998). The overlap in foods taken by gal-
axiids and brown trout is broad (Glova and Sagar
1991, 1993; Glova et al. 1992),

Nocnrnal Feeding Behavior of Galaxiids

Galaxiids are often described as nocturnal in
behavior (Glova and Sagar 1989a, 1989b, 1991,
1993; McDowall 1990%; Glova et al. 1992; Biggs
et al. 2000). This may provide temporal separation
in feeding activity between the nocturnal galaxiids
and crepuscular and diurnal trout {Glova and Sagar
1993). But, as discussed above, the short summer
nights may restrict the duration of feeding by a
nocturnal predator. The long nights of winter seem
unlikely to compensate for the short summer
nights, given the cold temperatures and likely low
levels of activity of galaxiids in submontane
streams during winter. The description of galaxiids
as nocturnal may, however, be too broad a gen-
eralization. Allibone and Townsend (1998) and Al-
libone and McDowall (1997) reported that gal-
axiids in the upper Taieri River may also feed by
day, and J. W. Hayes (Cawthron Institute, personal
communication} has observed them drift feeding
by day {Kakanui River). The growth of galaxiids
appears to be very slow in the cold submontane
streams of southern New Zealand, with some large
adult fish showing little or no growth from one
year to the next (Allibone and Townsend 1997).
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Food availability may be particularly important to
galaxiids seeking to sequester energy in prepara-
tion for spring spawning {Cadwallader 1976; Al-
libone and McDowall 1997; Alibone and Town-
send 1997). Limited food availability and low tem-
peratures may force galaxiids to seek food when-
ever it is available, and they may be less nocturnal
in these upland streams than they are in less rig-
orous (warmer) environments. If galaxiids need to
forage by day to meet their energy needs, the ef-
fects of trout in restricting diurnal foraging will
be accentuated,

Conclusions

Predation by trout may be an important mech-
anism in the decline of galaxiids, as indicated by
the complementary distributions of galaxiids and
trout deseribed by Townsend and Crowl (1991).
Given their size and the timing of their availability,
Juvenile galaxiids may be providing a fine source
of food for young trout during spring. Nor is there
any reason to exclude competitive displacement as
another mechanism for detrimental effects of trout
on galaxiids. However, the work of Townsend and
his various collaborators also suggests that the in-
teractions between these taxa may be more com-
plex: If (1) naturally occurring galaxiids in streams
consume only a small proportion of the benthos
of these streams, as argued by Huryn {1996, 1998),
so that enough invertebrates remain to suppress
the growth of substrate periphyton by their grazing
(Flecker and Townsend 1994; Biggs et al. 2000);
(2) by contrast, trout are conswming virtually the
entire annual invertebrate production in at least
some streams, as Allen (1951) and Huryn (1996,
1998} have argned, to the extent that insect pop-
ulations are so reduced that there is a consequential
proliferation of stream periphyton (Flecker and
Townsend 1994; Biggs et al. 2000); (3) the inten-
sity of trout predation on stream insects has in-
duced a significant behavioral shift by leading to
more cryptic behavior of prey and reduced benthic
production {Mclntosh 2000a), thus reducing prey
accessibility; and (4) trout predation or agonistic
behavior has also led to the exclusion of galaxiids
from the best foraging sites and to increasingly
nocturnal or cryptic behavior by the galaxiids, then
one of the significant causes of the decline in
stream galaxiids——and the complementary distri-
butions of galaxiids and trout—seems likely to be
that the galaxiids are seriously food limited owing
to a combination of all of the above effects (despite
the contention of Glova et al. 1992 that galaxiids
suffered no loss of condition when coexisting with
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trout). Glova and Sagar’s (1993) observation that
galaxiids had lower stomach fullness when cohab-
iting with brown trout than those in a stream con-
taining no trout is consistent with the view de-
veloped here that the presence of trout is con-
straining galaxiid food consumption. Though Glo-
va and Sagar (1993) concluded that “competition
for food and space in the streams [they had] stud-
ied was not serious,” this conclusion can scarcely
be derived from their data. If trout are feeding at
the limits of stream benthos production (Allen
1951; Huryn 1996, 1998) and trout are more in-
tensive exploiters of this food source than galax-
iids (Mclntosh 2000b), food may be a seriously
limiting resource for galaxiids.

Allibone and Townsend (1998) have suggested
that some upland stream galaxiids focus their pre-
dation on soft-bodied invertebrates, whereas trout
forage on a wider range of invertebrates {Glova
and Sagar 1993). If galaxiids cat a narrower range
of invertebrates than is present in streams and con-
sumed by trout, this might further constrain their
food cheices. Whatever the causes, reduced food
supplies have implications for the survival,
growth, and ultimately reproductive output of gal-
axiids.

Given the known ability of trout to prey on gal-
axilds, predation remains a potentially serious im-
pact. And the fact that galaxiids may already be
struggling to get enough food in the severely com-
petitive food environment imposed on them by the
invasion of trout may only intensify their need to
hunt prey and thereby raise their risk of predation
by trout. Food limitation thus seems highly likely
to be a partial explanation for the disappearance
of native species. The idea of a food shortage and
competition between fish specics is, of course, not
novel, but the perspective added by the research
on New Zealand streams and their benthic inver-
tebrates, galaxiid fishes, and trout populations is
certainly illuminating. While the effects of habitat
degradation cannot be ignored, the impacts of trout
on the native galaxiids seem to have been severe.

Future Research Options

How can these ideas be clarified? Only with
difficulty, judging by the lack of success in ex-
amining these sorts of questions among the ex-
traordinarily well-studied salmonids (Fausch
1988). Competitive interactions of this sort are not
easy to document rigorously (Schoener 1982), es-
pecially when competition is so intense that one
of the competitors is eliminated and there are sev-
eral mechanisms that may be synergistic in their
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impacts. Moyle and Light (1996) enunciated a se-
ries of principles that may govern both the success
and impacts of exotic species introductions. Of
particular relevance to the New Zealand scenario
is their contention that “[iln systems that have
been minimally altered by human activity fishes
most likely to be successful invaders are top pred-
ators and omnivores/detritivores.” Salmonids in
New Zealand streams certainly fit the specification
of top predators in minimally altered ecosystems.
However, another of their principles, namely, that
“[m]ost successful invaders are integrated without
major negative effects (e.g., extirpations) on the
community being invaded™ has not proved correct
for Salmonidae in New Zealand. Moyle and
Light’s {1996} caveat that ““a relatively small num-
ber of species seem[s] to be responsible for most
of the extirpations, reflecting a large number of
introductions of predatory fishes, usually for sports
fishing™ is certainly apposite. Ross (1991) has
generalized that ““depauperate fish faunas [are] es-
pecially susceptible to suceessful establishment of
nonnative fishes” (see also Leidy and Moyle
1998). By most criteria, New Zealand’s freshwater
fish fauna is depauperate (McDowall 19904), and
the couniry’s relatively simply structured indige-
nous stream ecosystems, which have few trophic
levels and low fish species diversity, seem likely
to be bringing two gencralized, opportunistic,
drift-feeding invertebrate predators like brown
trout and galaxiids into head-to-head competition
for resources.

Further comparisons of benthic insect abun-
dance between galaxiid and trout streams may clar-
ify the effects of heavy trout predation on the ben-
thos. It might be possible to observe and compare
the behaviors of the two fish species when they
occupy streams alone with what happens when
they coexist. The prospect of introducing one spe-
cies into the range of the other poses conservation
and ethical questions that must be addressed with
care. The results of interactions between the two
species in artificial stream channels could be heu-
ristic (McIntosh 2000a). Possible scenarios could
be established whereby overlaps in the ranges of
trout and galaxiids are generated by reversible ma-
nipulations of barriers to upstream migration by
trout and trout removal (as was done by Linter-
mans 2000). This has been proposed by Allibone
and McDowall (1997) for assisting the conserva-
tion of G. pullis, which appears to have been dis-
placed by introduced brook trout. Any opportu-
nities to observe the impacts of fish population
manipulations should be exploited. Archival dis-

tribution records of New Zealand freshwater fish
species show that some localities that once had
populations of galaxiids no longer do. So the pro-
cess of trout replacing galaxiids may still be going
on. That being so, a search for sites where the
behavioral and dietary interactions of trout and
galaxiids can be examined ought to be a priority,
as such sites would provide a scenario in which
to study these interactions and clarify the pro-
cesses of replacement. Understanding these pro-
cesses can then form a basis for informed conser-
vation protocols.
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