
THE POSSIBLE EFFECTS ON FISHES OF 
EUCALYPT ENRICHMENT OF NEW ZEALAND 

BEECH FORESTS 

Comparisons were lnnde of ihe fish /aunas of streams draining 
through Eucalyptus-donzinated forests i n  Tasmania and south- 
eastern Australia, and the fatinus of streams draining beech 
(Nothodagus spp.)  fovests on  the W e s t  Coast of the Sou th  
Island o/  N t w  Zealand. There suggest thai enrichment of the 
N e w  Zealand beech forests w i f h  Eucalyptus is unlikely t o  
have harmful t f fec ts  o n  the  s tream fish faunas there. Species 
in  beech forest streams are i n  mos t  instances ihe same as, 
or closcly related to,  species that occur i n  Australian Eucalyp- 
tus forest streams. 

INTRODUCTION 

Recently the Government invited proposals for the utilisa- 
tion of some 240 000 ha oT lower altitude beech (Nothofagus)  
forest, on the West Coast of the South Island and in South- 
land (N.Z. Forest Service, 1974). The utilisation propo~sals 
were based on conversion oT a po'rtion of the area to exotic 

I coniferous forest and the release of a small area for farming, 
with the majority of the area to be managed as native forest. 
In the West Coast areas scheduled for management, it was 
believed that sites dominated by hard beech (No tho fagz~s  
tvuncata) would prove ditticult to' rcgenerate; there supple- 
mentary planting (olr enrichment of the regenerating beech) 
with Eucalyptus was seen as an insurance against inadequate 
natural regeneration, and as offering assistance in the rapid 
restoration of a golod forest structure. The area of forest zoned 
for possible enrichment was 60000 ha (Kirkland, 1973). I t  
was proposed that the eucalypt species used be of proven 
commercial worth, resistant to browsing by deer and opos- 
sums, and able to produce well-foirmed trees without close 
initial spacing. Seven species of Eucalyptus have been con- 
sidereld, of which E. delegatensis is the best regarded (Forest 
Research Institute, 1974). 

"Fisheries Research Division. Ministry of Agriculture and Fisheries, P.O. 
Box 19062, Wellington. 



TABLE 1: FRESHWATER FISHES OF NEW ZEALAND WEST COAST 
BEECH FORESTS AND THEIR TASMANIAN AND SOUTH-EAST ~ AUSTRALIAN COUNTERPARTS 

New Zealand Tasmania S.E. Australia 

Familv Geotriidae: 
" ~ i o t r i a  australis Gray + 

Family Anguillidae: 
* ~ n ~ u i l l a  dieffenbachzz Gray + 
*Anguilla australis Richardson 4- 
*Anguilla reinhardti Steindachner - 

Family Retropinnidae: 
* Retropinna retropinna (Richardson) + 

Retropinna tasmanica McCulloch - 
Retropinna semonz (Weber) - 

Family Prototroctidae: 
*Prototroctes oxyrhynchus Gunther + 
Trototroctes maraena Gunther - 

Family Galaxiidae: 
*Galaxias maculatus (Jenyns) 4- 
*Galaxias brevipinnis Gunther 4- 
*Galaxias argenteus (Gmelin) + 
'Galaxias postvectis Clarke + 
"Galaxias fasciatus Gray + 
Galaxias vulgaris Stoke11 + 
Galaxias divergens Stoke11 + 

*Galaxias truttaceus Valenciennes - 
Galaxias auratus Scott - 
Gffilaxias johnstoni Scott - 
Galaxias pedderensis Franltenberg - 
Galaxias parvus Franltenberg - 
Galaxias cleaveri Scott - 
Galaxias pusillus Mack - 
Galaxias nsp .  - 
Galaxias olidus Gunther - 

Family Salmoaidaet: 
Salmo trutta Linnaeus + 
Salmo gairdnerii Richardson - 
Salmo salar Linnaeus - 
Salvelinus fontinalis (Mitchill) - 
Oncorhynchus tshawytscha 

(Walbaum) - 
Family Eleotridae: 

*Gobiomorphus hutfoni (Ogilby) + 
*Gobiomorphus gobioides 

(Valenciennes) + 
*Gobiomorphus cofidianus 

McDowall + 
*Gobiomorphus hubbsi (Stokell) + 
Gobiomorphus breviceps (Stokell) + 
Gobiomorphus coxiz (Krefft) - 

Family Mugiloididae: 
*Chienzarrichthys fosteri Haast + 

*Species believed to spend part of their life in the sea. 
?Introduced species 
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The New Zealand Officials Committee for the Environment 
established a working committee to examine and report on 
the environmental implications of the beech utilisation pro- 
posals. When examining "Water quality and aquatic life" the 
working committee noted "It has been found that exotic pine 
forests are not necessarily harmful to trout stocks and other 
forms of life, especially if buffer strips are established. The 
effects of Eucalyptus forests .are, however, relatively un- 
known." As a result the committee recommended "That fur- 
ther study be undertaken on the effects of eucalypts on aqua- 
tic life." 

There are currently no well-developed stands of eucalypt 
forest in New Zealand which permit the recommended study 
to be carried out, and none are likely to be available for 
such studies in the foreseeable future. However, the fresh- 
water fish faunas of south-eastern Australia and Tasmania 
(where the forest is dominated by a number of species of 
Eucalyptus) are closely related, and similar to the fish fauna 
of New Zealand. The fish faunas of south-eastem Australia 
and Tasmania were therefofre examined to determine whether 
any information (relevant to1 the New Zealand fauna) could 
be obtained on the occurrence and distribution of fish species 
in eucalypt forest streams. 

If Eucalypfus species are to be planted in beech manage- 
ment areas, the character of the forest floor litter will be 
modified. The compolsition of the litter can be regarded as 
having two major effects on the character of the stream fauna. 
First, the palatability of the rotting leaves may influence the 
species composition of the invertebrate fauna. Unless there is 
modification of the absolute abundance of these ani- 
mals it seems unlikely that any effect of eucalypt enrichment 
on fauna composition will affect higher trophic-level carni- 
voreis like fish, particularly the generalised, opportunistic 
carnivores that make up the New Zealand freshwater fish 
fauna. Secondly, organic materials that leach from the litter 
into streams could affect stream organisms. 

THE FISH FAUNA OF THE WEST COAST BEECH FORESTS 

A survey of the fish in the streams and rivers flowing 
through the West Coast beech forests showed that the fauna 
is impoverished, with both splocies diversity and abundance 
being low (McDowall, Graynoth and Eldon, in prep.); the 
beech forest streams of the West Coast do not form an im- 
portant habitat for fishes. The species recordled are listed in 
Table 1. General information on these fishes may be found 
in McDowall (in press). 
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Of the species present, Refropinna refvopinna (ccl,nmon 
smelt), the two whitebait species Galaxias maculatus (~nanga) 
and G. argenteus (giant kokopu), Gobiomorphus gobioides 
(giant bully) and G. cotidianus (common bully) are relatively 
abundant and widespread in New Zealand but, being species 
that are largely coastal to lowland in distribution, occur only 
marginally in the beech forest streams. Prototvocfes oxyrhyn- 
chus (grayling) is nolw believed to be extinct and has not been 
recorded with certainty from beech forest streams. However, 
it occurred in the general area until the early 1900s and prob- 
zbly i r ~  the beech forests (McDowall, 1976; in press). Galax- 
las px ivec : i s  (short-jawed kokopu - a whitebait species) 
has proved to be extremely rare in the forests, as it is in all 
parts of New Zealand. Cheimarrichthys fosferi (torrent fish) 
and Gobiomorphtrs hubbsi (bluegilled bully) are species that 
are found largely in the bigger and inore swiftly-flowing rivers, 
but they do occur well within the beech forest area. Galaxias 
vulgaris (common river galaxias) occurs only in the margins 
of the beech scheme (in the upper reaches of the Maruia 
River system), although its presence should be noted. Gegfria 
australis occurs within the beech forest area, although its dis- 
tribution is not well known. 

The chief fish species involved in any evaluation of the effects 
of eucalypt enrichment are thus the two eel species Anguilla 
clieffenbachii and A. australis; the galaxiids, Galaxias bvevipin- 
nis (koaro), G ,  fasciafus (banded kokopu) and G. divergens 
(dwarf galaxias); two eleotrids, Gobiomorphus huttoni (reid- 
finned bully) and G. breviceps (upland bully); and the intro- 
duced brown trout, SaZmo trutta. 

However, the whole fish f a u a  is of importance as the tri- 
butary streams flowing through beech forests contribute water 
to the larger rivers in which the more lowland and marginal 
species live. 

THE FORESTS OF TASMANIA 

Forests containing the Eucalyptus species which the New 
Qnt oiccur Zealand Forest Service propolses to use for enrichm, 

in Tasmania. Felton ( 1974) has listed the following forest 
types in Tasmania: 
1. Savannah woc~dland: short, open eucalypt trees reaching 

25 m, with a ground flolra of native grasses - Eucalyptus 
species E. pauciflora, E. viminalis, E.  ovata, E.  amygdalina. 

2. Dry sclerophyll forest: an open canopy of short )eucalypt 
trees reaching 30 m with an open subflora of xeromorphic 
shrubs and small trees - E. amygdalina, E.  giobulus, E.  
linearis, E.  obliqua, E ,  ovafa, E patrciflova, E. rubida, E .  
sieberi, E. tasmanica, E.  virnivzalis. 
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3. Open forest: a forest of eucalypt trees of moderate height, 
reaching 55 m, with a well-developed layer of short shrubs 
and small trees - E. amygdalina, E ,  delegatensis, E. globu- 
Zus, E. obliqua, B. patlciflora, E. siebevi, E. viminalis. 

4. Wet sclerophyll forest: a folre~slt olf eucalypt trees of moder- 
ate to great height, reaching 90 m, with a dense understory 
of small trees and tall shrubs, with mosses and ferns on 
the forest floor - E. amygdalina, E., delegatensis, E. obli- 
qua, E. regnans, E. simmondsii, E. viminalis. 

5 .  Temperate rain forest: a forest with a dense and complete 
canopy of shad~e tolerant trees, short to moderate in height, 
reaching 35 m, with abundant ferns and mosses both on 
the floor and as epiphytes. There may be a eucalypt canopy 
above the rain forest trees, reaching 90 m - E. delegatensis, 
E. johnstonii, E. obliqua, E ,  vegnans, E ,  simmondsii, b. 
virninalis. Other trees in the rain forest include Nothofagus 
cunninghamii, Atherospevmum moschatum, Eucryphia lu- 
cida, Phylloclndus asplenifolius, Anodopetalum biglandulo- 
SUHZ. 

A forest map of Tasmania (Australian Division of National 
Mapping, Department of Minerals and Energy, Map SK 55) 
shows that the temperate rain forest (type 5 above) predomi- 
nates on the west coast of Tasmania, particularly to  the north, 
and that the various types of Eucalyptus forest (types 1 to 4 
above) cover most of the remainder. Details are probably of 
little importance as Eucalyptus species may dominate in all 
forelsts and the species of particular relevance to beech man- 
agement proposals in New Zeaiand - E,  delegatensis - is 
amongst the do~minant canopy trees in several types from 
mixed rain forest to open forest. 

Thus Eucalyptus species form a significant pait of the forest 
canopy, and provide the forest floor litter through which water 
drains on its path to the stream channels. Litter from thelse 
trae~s will also be regularly entering the streams, ant1 thus 
presumably forms part of the foold resource of the herbivor- 
ousldetrital-feeding invertebrate fauna. 

Because of the virtually universal occurrence otf Eucalyptus 
species in the forests of Tasmania it can be reasonably conclud- 
ed that all streams draining forested lands will flow tl~rough 
Eucalyptus forests for at least some of their length. And be- 
cause Tasmania retains a large proportion of its original forest 
covelr, the rivers and streams of Tasmania do, in general, flow 
through the forest. Species of freshwater fish that are general- 
ly and widely distributed in Tasmania are therefore almost 
certain to live in waters draining Eucalyptus forests and their 
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widespread occurrence in Tasmania can ble taken to indicate 
that they can tolerate the presence of materials leached from 
Eucalyptus litter, probably in high density stands of eucalypts. 

THE FRESHWATER FISHES OF TASMANIA 

The Tasmanian counterparts of the freshwater fish fauna of 
New Zealand beech forest streams are listed in Table 1. A 
complete list 06 Tasmanian freshwater fishes may be found 
in Frankenberg (1974) and an account of the New Zealand 
freshwater fishes in McDowall (in press). 

Comparisoln oif the freshwater fish faunas of Tasmania and 
New Zealand shows that there are substantial similarities. 
Four species, Geotria austraZis, Anguilla australis, Galaxias 
macu2atus and G. brevipinnis, are common to the two1 areas. 
All foiur are widespread and of general occurrence and there 
can be no doubt about their ability to live in waters draining 
frolm Eucalyptus foirests. Unless the type olr the quantity o~f 
chemicals leaching from Eucalyptus litter in New Zealand 
differ markedly frosm those that leach under Tasmanian con- 
ditions, enrichment of New Zealand beech forests with euca- 
lypts poses no threat to populations of these fish species. 

There is a series of genera represented in both New Zealand 
and Australia by related ispecies - e.g., Retropinna retropinna 
(NZ) - R. tasmanica (Tas) and R. semoni (NSW, Vict); 
Prototroctes oxyrhynchus (NZ) - P. maraena (Aust); Galaxi- 
as fasciatus, G. argenteus, G. postvectis (NZ) - G. truttaceus 
(Aust). Dolubts have been expressed (Woods, 1968) that R. 
retropinna, R. semoni and R. tasmanica are distinct species, 
but it is my v i m  that they are, although closely related. The 
two species oh Prototroctes are clearly closely related (Mc- 
Do~wall, 1976) as are the galaxiid species group (McDowall, 
1970). It  seems likely that, in fact, the New Zealand galaxiid 
species are derived from the Tasmanian/Australian onleis by 
trans-Tasman dispersal (McDowall, 1964, 1970; Frankenberg, 
1974). 

Thus, although it is uncertain that the New Zealand species 
can tolerate mate~ials leached from Eucalyptus folrests, their 
close relatiomhip to, and likely deivatioa from, Tasmanian 
species that are knolwn to1 tolerate a eucalypt canopy sug- 
gest that there is lihdy to be little direct effect when the New 
Zealand beech forests are enriched with eucalypts. 

THE FORESTS AND FISH FAUNAS OF SOUTH-EASTERN 
AUSTRALIA 

The forests of s,outh-eastern Australia, like those of Tas- 
mania, are dominated by a variety of species olf EucaZyptus, 
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with E. delegatensis and E. regnans among them. Streams 
flowing through these forests carry diverse and rich popula- 
tions of freshwater fishes, including the four species shared by 
Tasmania and New Zealand. These streams also support popu 
lations of Gobiomorphus coxii, a species similar to (and 
closely related to) the New Zealand species of Gobiomorphus. 
The existence of these fish species in south-eastern Australia 
further supports the view that there are unlikely to be 
materials leached from Eucalyptus litter that are injurious 
to fishes living in New Zealand beech forest streams. 

In general, the occurrence of varied and diverse fish popu- 
lations in Eucalypttts forest streams throughout Australia 
suggests that there is nothing harmful to fishes in Eucalyptus 
litter. 

INTRODUCED SALMONID FISHES IN AUSTRALIA 

Several species of northern hemisphere salmonid fish have 
been introduced with varied success into south-eastern Aus- 
tralia and Tasmania, namely, Salmo trutta (brown trout), 
Sa lmo  gairdnerii (rainbotw trout), Salmo salar (Atlantic 
salmon), Salvelinus fontinalis (brook char), and Oncorhyn- 
chus  tshawytscha (quinnat salmon). All of the~se species can 
be shown to survive in waters draining through Eucalyptus 
forests; Salmo tvutta, S .  gairdnerii and Salvelinus fontinalis 
populations are self-supporting and fast-grlowing in the wild 
in such streams The successful acclimatisation of these exotic 
salmonids in streams draining eucalypt forests further sup- 
ports the view that enrichment olf New Zealand beech forests 
with species of Eucalyptus poses no threat to the fish faunas of 
these streams. 

SUMMARY 

A comparison of the fish faunas in streams dlraining beech 
forests in Nlew Zealand with those in streams draining Euca- 
lyptus forests in Tasmania and south-eastern Australia shows 
that the faunas have considerable similarities, and that, in 
general, materials leaching from the litter of these folrests have 
no seriolus effects on the fishes. I t  is therefore concluded that 
proposals by the New Zealand Fo~rest Service to supplement 
btelech regeneration after falling by the planting of Eucalyptus, 
if carried out, are likely to have little or no direct effect on the 
fish faunas of the streams draining these forests. 
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