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1. I ntroduction

The common smelt is indigenous to New Zealand akd the [baro, it is
fundamentally a diadromous species found primamilsivers. However, it also forms
landlocked lacustrine populations. Larval and julkesmelt can be confused with
kdaro because of their similar body shape and laghkigrhentation. However, smelt
are readily distinguished fromoeiro by the presence of scales and an adipose fin
(Figure 1). They also have a characteristic ‘cucernbmell (McDowall et al. 1993).

A comprehensive review of the common smelt wasaeduwut by Ward et al. (2005),
but this covered both lacustrine and diadromousufadions and so did not deal with
lacustrine populations in the Te Arawa lakes iraileThis review focuses on what is
known about the life history and habitats of ladnstsmelt in the Te Arawa lakes.

Figure1: Adult smelt showing scales and the small adipose(dircled) between the main
dorsal and caudal (tail) fin (photo courtesy o®ore, Landcare Ltd).

The origin of smelt in Lake Rotorua and Rotoiti ((lnot other lakes) has been queried.
Strickland (1993) put forward the proposition tisaelt were stocked into the Te
Arawa lakes by Mori and were present there in pre-European timbesrel'can be no
doubt that smelt were stocked into the lakes. Tdreynot capable of ascending even
small falls or rapids and are generally confinedh® lower reaches of rivers. They
will not have reached the Te Arawa lakes naturaiig can only have been stocked
into them by humans. Strickland (1993) proposed #waly Maori stocked Lake
Rotorua with smelt (as well as&ro) and that both coexisted. In contrast, Burstall
(1980) proposed that smelt were introduced as d foo trout by early European
settlers.

Strickland’s (1993) proposition is at odds with thistoric accounts of the species of
fish present in the Te Arawa lakes in pre-Europi@es, none of which refer to or
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identify smelt as being present. For example, 8tdf{1986) reviewed the history of
the Te Arawa lakes prior to 1900, and stated th#lia time ‘inanga’ and ‘&kopu’
were the juvenile and adult stage obko, respectively, and that the lakes contained
this species and the toitoi along with a few (sembkeels. Furthermore, in recent
evidence provided to the Waitangi Fisheries Comimis®n the Te Arawa lakes,
‘inanga’ was used by Bbri to refer to the juvenile stage oddro, whereas dkopu’
referred to the adult stage of this species (H&0B,1). There is no mention of smelt.
It is also very difficult, notwithstanding #tri knowledge and skill of fish stocking, to
accept that the early adri settlers had the ability to bring smelt to #dakes from
the coast. Smelt are extremely difficult to keepeabver long distances, even with
modern technology. Furthermore, if they had beercessfully introduced to Lake
Rotorua, they would surely have been transporteathier nearby lakes and this did
not happen. Jolly (1967) reported the results giddenent of Internal Affairs surveys
carried out in 1931-1932 after Lake Rotorua wask&d with smelt. These showed
that smelt were present in lakes Rotorua, RotBititoehu andkataina at this time,
but not in lakes Tarawer@kareka, Rotokkahi, Tikitapu, and Rotoahana.

In contrast, Burstall's (1980) account of the stogkof smelt into Lake Rotorua
accords with the first records of this species ¢pdound in Lake Rotorua (Phillipps,
1924b & 1926). A detailed account of the attemptd aventual success of smelt
stocking in Lake Rotorua in the 1920s is providgdBirstall (1980), and McDowall
(1990a) expands on this. After smelt were succlgséistablished in Lake Rotorua
and Rotoiti in the early 1920s, they were subsetlyispread to all other Te Arawa
lakes. Smelt were present in lakes Rotorua, RotRibtoehu andDkataina by 1930
(Jolly, 1967). Liberations of smelt were then mad® lakes Tarawera, Rot@m
Rerewhakaaitu, Ngpouri andOkaro in 1932 (McDowall, 1990a). It can be assumed
that Lakes Tikitapu,Okareka, Rotorihana, Rotokawau, and Ngahewa were also
stocked after this as these lakes now all contapulations of smelt (Smith, 1959).
Smelt were then introduced to lakes Taup 1934 and to Waikaremoana in 1949
(McDowall, 1990a). However, they were not introddice lakes Rotopounamu,
Rotoaira or Waikareiti. Although Rotopounamu waserdillegally) stocked sometime
between 1981 and 1991 (Rowe, 1993b), smelt do notiroin lakes Rotoaira or
Waikareiti today. (NB. Thedaro is still relatively common, if not abundant,kboth
these lakes, despite rainbow trout being preseravier a century).

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 2
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2. Common smelt in the Te Arawa lakes - past and present

Schools of smelt (of all size classes) are perailjicharvested by members of Te
hap o Ngati Pikiao as they move up the Ohau Channel fromelRktoiti to Rotorua
(Kusabs, 1989). Large quantities of smelt were ésted from this fishery prior to the
installation of the control weir in the early 1990'Up to 30 whnau would use
whitebait traps (elongated cylindrical nets) tovieat smelt from about October to
February and juvenile smelt from December to Apfte nets are fished passively
relying on the upstream movement of smelt, while #ictive scoop netting method
commonly practices in the whitebait fished is gafigdiscouraged (Donald, 1996).

The smelt fishery has reputedly been affected byctinstruction of this weir which is
used to maintain the level of Lake Rotorua. Howetlez decline in smelt numbers in
Lake Rotoiti related to its increased trophic safidowe et al. 2006) may also have
contributed to the decline of this fishery. Thepwsed diversion wall (Rowe, 2005)
can be expected to reduce this fishery furthereasmh fish pass can be created for
smelt, and monitoring is currently being carried toudetermine the pattern and extent
of smelt movements in this channel.

Common smelt were occasionally harvested from #melyg beaches of the Te Arawa
lakes (particularly lakes Rotoiti and Rotorua) gséeine nets (known locally as scrim
nets). Adult smelt were targeted in the spring wtieay were congregating to spawn.
This method was used up until the 1970’s but wasaliraged by the Department of
Internal Affairs - the fishery managers at the tiffibis harvesting method is no longer
practiced but there is some interest in revivirgrirethod given the decline in catches
from the Ohau Channel (18t Pikiao hui, 2006).

3. Role of smelt in fisheries

The successful establishment of smelt in the TenvArdakes (as well as in Tag)p
helped to stabilise the rainbow trout fisherieghase lakes (Hobbs, 1948; Burstall,
1980; McDowall, 1990b; Rowe et al. 2002c). Smelbrsdbecame the major prey
species for trout in most of the large clear lakesl an important supplementary prey
in the smaller, more turbid lakes (Smith, 1959; Rp1984). However, the successful
introduction of smelt was at the cost @kko. Although the &aro fishery had already
collapsed by the time smelt were introduced, th®duction of smelt is likely to have
lead to the virtual extinction ofdlro in some of the shallow lakes (e.g., Rotorua,
Rotoehu), and caused a further declinedark abundance in the deeper lakes (e.g.,
Rotoiti, Okataina, Tarawerd)kareka).

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 3
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In the Ohau Channel between lakes Rotoiti and Ratahe large runs ofolro that
would once have occurred were replaced by large ofimigrant smelt. These formed
the basis for a new abri fishery in the channel to replace that providgdjuvenile
koaro. Although Ngti Tawharetoa occasionally harvest smelt from the shofréske
Taup using seine nets, this is not practiced in thé\fiaava lakes.

4.  Lifehistory, distribution, movement and habitat

As with the Ioaro, the smelt is a diadromous species in rivarsrdadily forms land-
locked populations in lakes. However, the life trigtof smelt in lakes is relatively
short compared with that ob&ro. The smelt is a semelparous species, which gnean
that most adults die after spawning at an age ofStephens (1984) indicated that
some smelt, having spawned in spring, could spayainab-8 weeks later. It is not
known whether these fish grow another gonad orpamial spawners (i.e., they
release some but not all eggs on each spawningiocgdaHence, smelt may spawn
several times per season, but do not spawn ovesd&asons. The smelt’s strategy for
reproduction relies on the production of a largenhar of eggs by one age cohort
each year. This contrasts with iteroparous spe@eas, lbaro) which rely on the
production of eggs by multiple age cohorts each gear a number of years.

The spawning of smelt in central North Island lakas been studied by Jolly (1967)
and Stephens (1984) and summarised by Ward e2@D5)f. The main spawning
season is in spring (starting in September), butake Taup, spawning occurs
sporadically over summer and extends into MarchthBstephens (1984) and Jolly
(1967) found eggs on shallow (0.5-2.5 m), sandyches. However, Stephens (1984)
failed to find any on stony or weedy shores in Lakei®, and Jolly (undated) found
none in muddy or silty waters, nor on rocky shofide preferred spawning substrate
is therefore clean sand in shallow (0.5-2.5 m deegier. This does not mean that
spawning cannot occur if sandy substrates are ailjashthat smelt prefer to lay their
eggs on shallow, sandy shores because this pregumakimises egg survival. Smelt
also spawn on sandy substrates in the slowly-mowemgjack water of inlet streams.
In Lake Taup, where there are a number of major rivers andstse recruitment of
larvae from stream spawning is thought to be sigpnift, especially in years when
strong gales and wave action prevent spawning @astern shores (pers. comm. Dr
M. Dedual, Department of Conservation). Stream sjragvalso occurs in many of the
inlet streams of the Te Arawa lakes, however, asluiélt are not as common in the
colder, spring-fed streams (e.g., Awahou, Waiktgmurana, Ngongotaha) as in the
warmer, catchment fed streams (e.g., Utuhina).

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 4
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The time required for egg incubation decreases witlter temperature (Mora and
Boubée, 1993; Hannus, 1998) and can be relativedyt.sMora and Boubée (1993)
indicated that the optimal temperature for the bation of eggs of riverine smelt was
14-18°C. At 18°C, incubation times ranged from 80dAys (Mora and Boubée, 1993;
Hannus, 1998). However, shorter times may be plesédv lacustrine smelt. Jolly

(1967) found that eggs for Lake Rotorua smelt hedchfter about 8-10 days at room
temperature.

After hatching, the larvae are about 4 mm long alahktonic. They are quickly
dispersed throughout the water column and spreasughout the lake. Larvae
occurred mainly in the open waters of lakes Rotand Rotoiti at depths ranging
from 0-40 m (Rowe, 1993a). High densities occuaesome depths, but not at others,
and there was no discernable pattern in the depthbdition of larval smelt. Larvae
range in size from 4-30 mm and have no air blad@kis contrasts with the smaller
larval bullies that also occur in the open watdrthe Te Arawa lakes. Larval bullies
have an air bladder and so are detectable by higguéncy echosounder (Rowe,
1993a). They also have a much more restricted digttibution than larval smelt.

Once smelt exceed a size of about 25 mm long, leepme pigmented and surface
orientated. Like the juveniledkro, they aggregate into schools near the lakasarf
where they feed primarily on zooplankton. At thisge/size, they are a major prey for
the rainbow trout. In clear lakes, schools of juleeamelt occur from the lake surface
down to about 20 m, but in turbid lakes they havwawch shallower and narrower
depth distribution (Rowe and Taumoepeau, 2004 Tay be related to the reduced
light penetration in turbid lakes. However, it majso be a function of food
availability and/or reduced risk from predatorsriare turbid waters.

Once smelt are around 30 mm long, their diadronwigin reasserts itself and they
become migratory, moving shorewards and enteringllsmiet streams, just as their
marine counterparts move into rivers as schoolghitebait. Particularly large runs of
smelt occur in the Ohau Channel from Rotoiti intakeé Rotorua (Jolly, 1967;

Mitchell, 1989a; Donald, 1996). This is thought result in a loss of smelt from
Rotoiti to Rotorua (Jolly, 1967), but the extent this movement is difficult to

measure and may be partly compensated for by gadsit of larval smelt from Lake

Rotorua down the Ohau Channel and into Lake RqRiive, 2005).

Adult smelt (>50 mm) are also schooling and, during day, they occupy deeper
waters than the juveniles (Rowe, 1994). In neastipe lakes such as Rotamand
Okataina, where the water is relatively clear anénstthe summer depth distributions

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 5
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of fish are not affected by hypolimnetic de-oxygiora schools of adult, 50-70 mm
long smelt occur in relatively deep waters (50-70 IHowever, in Lake Rotoiti, such
smelt occurred in shallower waters (20-60 m), anthie summer and autumn, when
the hypolimnion was de-oxygenated, they were foiognl even shallower waters ( <
30 m deep) (Rowe, 1994). Acoustic studies of tharibution of adult smelt in
shallow lakes (e.g., Lake Rotorua) show that theyusually found close to the lake
bottom and generally in waters over 5 m deep (uhpiaita.). In Lake Ngpouri (max.
depth 26 m), hypolimnetic de-oxygenation occur®Wwel m in autumn, and all smelt
are forced into the top 7 m of the lake at thisetinihis ‘habitat squeeze’ could
increase predation on smelt by both shags and, tatthbugh this may be mitigated
somewhat by the more turbid conditions in this lake

At night, the schools of adult smelt break up aBvidual fish move towards the lake
surface (Rowe, 1993a). A return migration to deepa&ters occurs just before dawn.
The deep-water, daytime distribution of adult snigethought to reduce predation risk
(from trout and shags) whereas the nocturnal magrdab surface waters allows them
to feed at night. However, feeding by smelt on aoditon is likely to depend on

vision and may occur during the day as well asuskdand dawn. If so, the vertical
migration may serve to expose smelt to warmer watgr night so that their

physiological rates are increased and growth ergthnthe precise role of vertical
migration in the life history of such fish is stiti be determined.

Smelt are not distributed evenly throughout laleeg] a number of studies on their
areal distribution in Lake Rotoiti indicate thaethare more abundant in the deeper
eastern basin than in the shallower western baRiow¢ et al. 200la & b).
Furthermore, within the eastern basin, some araas bonsistently higher densities
than others. The reasons for such differencesedal alensity are currently unknown,
but have important implications for trout angless, the trout invariably concentrate
around aggregations of smelt. The presence of elescareas where smelt often
concentrate in lakes also suggests that food supplybe consistently higher in such
areas, or that the limnetic habitat is more favblerdhere. Such concentrations imply
important fine-scale, hydrodynamic and productioocpsses which are generally not
incorporated into lake production models.

5.  Prey species, predatorsand parasites

The diet of larval smelt has been studied in LakeaWera (Cryer, 1988). He found
that smelt 20-30 mm long fed mainly on rotifersrtigallarly Asplanchna sp., rather
than copepod or cladoceran zooplankton. In compayithe larger (30-40 mm long),

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 6
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juvenile smelt fed more on copepods and cladocdfrarsrotifers. Similar results for
juvenile smelt are reported by Jolly (1967) whorfdithat copepods and cladocera
were the main diet of smelt in the 30-50 mm lorzg sange.

Larger smelt (> 50 mm long) feed on large zooplanksuch as cladocera, but also
include a wide range of small insect larvae ancitebrates taken mainly from the
lake edge or surface in their diet (Jolly, 1967uB&e and Ward, 1997). For example,
chironomid larvae and amphipod@afacorophium), which are both found on the lake
bed in shallow water, were important prey for lasgeelt at sites near Holden's Bay in
Lake Rotorua (Jolly, 1967; Table 2).

Table2: Prey species for 23 common smelt (43-68 mm)l@ained at Holden's Bay, Lake
Rotorua, in October 1976.

Chirononidae Cladocera Amphipods Mites
larvae pupae Fly
Frequency — of 59 0.87 0.30 0.61 0.43 0.04
occurrence
Mean no./fish 2.4 6.7 2 880.0 5.6 5.0

The inclusion of small benthic invertebrates in diet of the larger smelt implies that
they not only move towards shallow waters nearlétke surface at night, but also
move inshore to feed in the littoral zone. The datgsmelt (>60 mm long) also feed on
larval bullies (Jolly, 1967; Stephens, 1984; Fdisgthd James, 1988) but not on larval
smelt, which unlike bullies, are not concentratéthiw discrete depth layers (Rowe,
1993a).

Adult bullies have been reported to feed heavilysarelt eggs around lake margins
(McDowall, 1990a), but there are no known predatdrsmelt larvae in the limnetic

zone of lakes. Freshwater jellyfisGr@aspedacuspa sowerbyii) occur in large numbers

in the limnetic zones of the Te Arawa lakes in sgmars, but while they are known
to feed on small larval fish, they are not knowréomajor predators of smelt or bully
larvae.

The black and red-billed gull$drus bulleri andL. scopulinus) have several colonies
around the edge of Lake Rotorua and they feed sixtely on juvenile smelt, which

they pick from the water surface (Gurr, 1975). Hharand kingfishers feed on smelt in
inlet streams. Although smelt are undoubtedly apartant component of these birds
food resources, shags are probably more signifipaedators of smelt. Studies by
Falla and Stokell (1945) and later Dickinson (19Baye indicated that both the pied

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 7
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shag and little black shags will feed on small fisbluding smelt in the Te Arawa
lakes. Despite attempts to measure the extentagf phedation on trout, the extent of
feeding on smelt has never been determined. Howthere is good reason to expect
that it is significant. Today, it is not uncommam gee large schools of small shags
(500+ birds) ‘working’ schools of smelt around thége of Lake Rotorua. The shags
form a crescent-shaped line some 100 m wide otakgesurface. The birds at the rear
of this line swim forwards while those at the frafive down to drive the smelt
forward or feed on them and then re-emerge atdhear side of the line. The whole
flock thus moves forward over shallow parts of lee, driving schools of smelt in
front of it while individual shags feed on the aggmtions of smelt below. The
numbers of smelt taken by such flocks can be ergett be large, and with such
foraging behaviour occurring several times a dargday, the resultant consumption
of smelt would be high. Such foraging does not odoudeeper waters, and is
confined to shallow areas where the schools oftaginélt cannot move into deeper
water. At present, there is no quantitative dataraelt consumption by shags.

Although birds are significant predators of smeetiut are the main predators in many
of the Te Arawa lakes, especially the larger, detakes (Smith, 1959; Rowe, 1984).
Smelt are a major factor underpinning the fastemtn rates of trout in these lakes
(Rowe and Taumoepeau, 2004). Analyses of the dizenelt consumed by rainbow

trout (Cryer, 1990; Stephens, 1984) indicates ginatlation is mainly on fish in the

30-50 mm size range. Some larger smelt (50-70 mm)atso taken but mainly in

spring and summer when spawning occurs and thesk are present on the shallow
sandy beaches where they spawn and so are moexabila to trout.

Jolly (1967) listed black spot, glochidia, cestqdesd saprolegnia as the main
parasitic infections of smelt in the Te Arawa lakBsack spot is indicated by the
presence of small black cysts under the skin ofitsifieese are caused by the larvae
of flukes. Glochidia are the juvenile forms of thheshwater mussel and attach to the
fins of small fish such as smelt when they feed iiea lake bed (McDowall, 2002).
They hitch a ride on a smelt and fall off whengiiches suitable habitat for mussels in
shallow water. The cestode worm was present in Ispydts on the gut wall
Saprolegnia is a fungal infection which occurs on the finsfish where an injury has
occurred.

6.  Age, growth fecundity, maturation and population structure

The first growth rate estimates for smelt in the Arawa lakes were provided by
Phillipps (1926) from sequential samples caughthim Ohau Channel in 1919. He

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 8
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calculated a growth rate for juvenile fish (sizaga 35-65 mm) of just over 2 mm per
month. Jolly (1967) also attempted to measure tbwtlp rate and age of smelt in the
Te Arawa lakes. Juvenile fish assumed to be ab®dudnths old and about 35 mm in
length, were thought to grow by about 20 mm to heasize of close to 50 mm over
the following year (i.e., a growth rate of 1.7 mer pnonth). Thus, smelt of 50 mm

length would be about 2 years old when they spawHedever, other smelt kept in

ponds grew at a far faster rate than those indake and were 75 mm long after a
year’s growth. Later, the ages of riverine smadnfrthe Lower Waikato River were

determined from daily growth rings in otoliths (\Waand Boubée, 1996). The results
indicate a growth rate of around 80 mm per yea6(6rmm per month). This is much

faster than the growth rate for lacustine smeitreded by Jolly (1967) and Phillipps

(1926), but lacustrine smelt may grow at a muckvstarate than riverine smelt.

Jolly (1967) found that some smelt from Lake Rosowere mature at a length of 43
mm, but most matured at a larger size and the rie®yth for mature smelt was 50
mm. Fecundity for smelt in the size range 40-60 was 800-1000 eggs.

Despite the uncertainty in growth rate estimation lacustrine smelt, it is apparent
that they can reproduce at a relatively early agkthat few survive spawning. As a
consequence, there are few smelt larger than 70amgnin these lakes and none will
be older than 3 years. The larger fish (50-70 mray nvell be the progeny of late
(autumn) spawning smelt which over-winter in thieelg growing to a larger size than
the younger, spring-spawned fish that reach 50 mmeh gpawn as 0+ old fish.
Alternatively, the smelt that do not spawn at thd ef their first (0+) year may over-
winter and contribute to the stock of large-sizedsinelt that spawn the following
year.

Northcote (1988) studied variation in the numbergdf rakers and vertebrae of
juvenile smelt from the Te Arawa lakes and foundalsrhut significant differences
between winter and summer samples of smelt fromelLBbtona, but not Lake
Tarawera. This difference may indicate the exisgtemd spring versus autumn
spawned stocks of smelt in RotanData from Lake Ng@pouri andOkaro implied that
smelt spawned in spring in the former lake and raatun the later, reinforcing the
likelihood of spring and autumn spawning by smidtiwever, these data were for one
year and this seasonal difference may have beatuped by seasonal variations in
spawning success rather than by a lake-specifierdiice in spawning season. More
interestingly, there was a significant and persisthfference in gill raker counts (but
not vertebrae) for smelt from eutrophic versus othkes. This difference (fewer gill
rakers for smelt in eutrophic lakes) was indepehaérspawning season and may

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 9
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reflect an effect of eutrophication on smelt. Hoes\t should be noted that similar
measurements by McDowall (1979) revealed no susiudtr

There is little information on sex ratios for smaitlakes. Jolly (1967) found that
males tended to be slightly larger than females sardples obtained by her were
composed of 43-81% females. This suggests thatlésnmaay slightly outnumber
males.

7. Environmental tolerances

Smelt are very sensitive to changes in their playstavironment and are one of the
more sensitive of the native fish species in Newl&d. Their haematological profile

means that they are particularly sensitive to sthesn capture and handling (Neilson,
1996). For this reason they are a good theoresgigaties for setting environmental
tolerances for fish (i.e., if smelt will survivep will all other fish), but are not a

practical fish for this purpose as they are sadliff to handle.

Temperature tolerances of eggs were determined dna ldind Boubée (1993) and for
adults by Richardson et al. (1994). Although thengerature range for egg
development was wide (10-25°C), egg developmentbeasat temperatures between
14-18°C. Adult smelt had a temperature preferefmsedo 16°C. These data indicate
that smelt require cooler water than many otheivedish species. However, using
field data on smelt distribution, Leathwick et €005) predicted that smelt would
occupy waters with a mean temperature of 19°C id-summer. Although smelt
prefer temperatures in the 16-19°C range, theyaatenothermal species (Leathwick
et al. 2005) and therefore likely to be more seresito a change in temperature than
other fish species. It should be noted that theptrature preference data are for
diadromous smelt and lacustrine smelt may havehtyligdifferent temperature
tolerances.

Smelt prefer slightly alkaline waters with a pH&2 (pH range 8-9) and avoided both
acidic waters (pH <7) and highly alkaline water$i (p9.5) (West et al. 1996). In
general, the pH of inland lakes is alkaline (pH wiiless there is a large inflow of acid
water from geothermal sources, or from tannin-gistreams arising in either peaty
swamplands or small streams beneath dense fomse 8f the Te Arawa lakes have
geothermal inflows, but these are not sufficiengtteatly influence the acidity of lake
water. McColl (1972) measured the water qualitainumber of the Te Arawa lakes
and found that the pH generally ranged from 78, ,(alkaline waters). Only in Lake

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 10



—N-IWA_—

Taihoro Nukurangi

Tikitapu was the water slightly acidic (pH rangé&)6and therefore less suitable for
smelt.

Dean and Richardson (1999) measured the lethalexggncentration for smelt at 15
°C and found that 50% mortality occurred at 1 raffér 36-42 minutes depending on
whether fish were juveniles or adults. There wasmustality for either juvenile or
adults at 3 mg/l oxygen. These findings accord Widhd observations of smelt
distribution in the Te Arawa lakes. Adults are afél by low oxygen levels in the
hypolimnion of lakes and are forced into shallowteva when these drop during
summer. Smelt tolerate oxygen levels down to 2.4,rag do trout, but they do not
occur below this level (Rowe, 1994, Rowe and CHisri®95). Lakes in which
hypolimnetic de-oxygenation currently limits thevsuer/autumn depth distribution of
smelt includeOkaro, Ndipouri and Rotoiti. Smelt distribution is also affet in
shallow lakes lacking a stable hypolimnion (e.gotdRua and Rotoehu), but only for
brief periods during calm weather in summer andraat

Smelt are not particularly strong swimmers and halimited upstream penetration of
streams compared with many other New Zealand né&sie Nevertheless, they move
into the inlet streams of lakes during summer merghd are able to swim up the
Ohau Channel from Rotoiti to Rotorua. Mitchell (983 indicated that they can
sustain normal swimming when water velocities agslthan 0.2 m/s, but rely on
‘burst’ swimming at maximum speeds when water vigexare at or over 0.5 m/s. As
water velocities in streams often exceed 0.2 nmgltsare forced to move upstream
close to the bank where the velocities are genetaller than in the centre of the
channel. Where water velocities exceed 0.5 m/s., (esgme places in the Ohau
Channel), smelt are forced to swim at maximum spard upstream movement may
be limited at such locations. In particular, thérveas the Ohau Channel now acts as a
localised velocity barrier, creating a migrationtttemeck with schools of smelt
sometimes accumulating behind it (Mitchell, 198Rasabs, 1989; Donald, 1996).

Increased turbidity does not appear to affect smiietictly. Feeding rates are not
reduced by turbidities up to 160 NTU (Rowe and Dd&98; Rowe et al 2002b), but
smelt have a shallower distribution in more turkales (Rowe and Taumoepeau,
2004). This may be because of the protection fromdation afforded by more turbid
waters, or because the prey of smelt are in shalomaters in more turbid lakes.
Although turbidityper se does not appear to affect smelt in lakes, thdirgpif silt,
which is often responsible for increased turbidilges. The suspended solids
responsible for increased turbidity in lakes a@utht to reduce spawning habitat for
smelt by smothering sandy substrates with a lalyéne silt (Rowe and Taumoepeau,
2004). This either prevents smelt from spawningesults in increased egg mortality
where spawning does occur.
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8.  Factorsaffecting population size

The relative abundance of smelt varies within tieeArawa lakes, with smelt being
more abundant in the clearer lakes than in the mayductive, turbid ones (Peterson,
1982; Rowe and Taumoepeau, 2004). Smelt recruithenbeen shown to be reduced
in the more productive, turbid lakes in the Rotodistrict compared with the clear,
less productive lakes (Rowe and Taumoepeau, 200H)s decline in smelt
recruitment contrasts with the increased recruitneértommon bullies in such lakes.
The extent of trout predation on smelt can be wsedn indirect sampling tool and
Rowe (1984) used this to show that adult smelt Wwess frequently consumed by
trout in the more productive lakes compared with lgss productive ones. Data on
adult bully abundance showed the opposite trendvéRd999b). Although field data
on adult smelt abundance in the Te Arawa lakedianieed (Peterson, 1982), they
nevertheless support the suspected lower smeltdabee in the more productive
lakes.

Confirmation that an increase in lake productivigsults in a decline in smelt
abundance is required as this has major implicatfon the trout fisheries as well as
for management of smelt and lake water quality. v@ational sampling techniques
(e.g., seine and fyke netting) are not effectivesimelt population estimation in these
lakes because the catchability of smelt varies tlyreaith the weather (e.g.,
wind/wave action and cloud cover), the seasonsedisas with lake water conditions
(e.g., temperature and turbidity). Mid-water tranglihas been attempted and found
wanting for daytime sampling, however, it may pravgeful at night when smelt
migrate to the surface waters of lakes and ardylikebe more vulnerable to netting.
Because of the lack of direct sampling methodssfoelt population assessment, high
frequency (200 kHz) echosounding was used to stiuely spatial distribution in the
Te Arawa lakes (Rowe, 1993a & 1994). This has beeocessful and more
sophisticated acoustic methods are now being dpedlofor smelt population
estimation (Rowe et al. 2001a & 2001b; Rowe, 2005).

The reduced recruitment of smelt in the more prtodecle Arawa lakes has been
attributed primarily to increased turbidity and thmesultant siltation of sandy
substrates, which degrades smelt spawning habibats beaches (Rowe and
Taumoepeau, 2004). However, egg predation fromnitreased abundance of bullies
may be an important contributing factor. Increadaekle productivity not only
increases siltation of lake beds by organic pdsdtes, but it also increases both
hypolimnetic de-oxygenation and the incidence ofiebjreen algae blooms.
Hypolimnetic de-oxygenation, coupled with increasadbidity from high densities of
planktonic algae, has been shown to reduce defiiitah&or smelt in lakes (Rowe &

Taonga and mahinga kai of the Te Arawa lakes: izwewf current knowledge - smelt 12



—N-IWA_—

Taihoro Nukurangi

Taumoepeau 2004). Increases in the trophic stdtlekes therefore affect smelt in
several ways, but the most important is likely &&reduction in recruitment caused
by high egg mortality.

Large movements (migrations) of smelt between lalkes have the potential to affect
the relative abundance of smelt. Jolly (1967) waara that large annual summer
migrations of smelt occurred from Lake Rotoiti intake Rotorua (via the Ohau
Channel). She noted that no return migration hash hmbserved and speculated that
the smelt population in Rotorua was augmented eyrtimigrants from Rotoiti. If so,
the converse also applies, and Lake Rotoiti wipparience an annual loss of smelt.
Some field evidence supporting this view is prodidey acoustic data on smelt
distribution and abundance in both lakes. For exaygroustic studies have revealed
a large increase in the number of schools of jugesinelt in the surface waters of
Lake Rotorua during spring and early summer (uriphbd data). Similarly, acoustic
transects covering the whole of Lake Rotoiti hasreenled a persistent reduction in
the abundance of smelt in the western versus eastet of this lake (Rowe et al.
2001a; 2001b; 2006). Furthermore, acoustic sunagrsied out over short time
intervals (i.e., days to weeks) revealed a shiftrirelt abundance from east to west in
lake Rotoiti.

Such large migrations of smelt are not known betna@er hydrologically connected
lakes (e.g., Tarawera to Rofidahi, Okareka to Tarawerd)karo to Rotorahana, or
Ngapouri to Tutaeinanga), probably because the comtestreams are much smaller
and/or contain barriers to smelt upstream movem&gsertheless, some smelt can
be expected to enter these other lake outlet sgrehming summer months, but will
return to the lake after spawning and/or if thegctean impassable barrier.

The planktonic food supply for smelt in the Te Aealakes may also prove limiting at
times, and an understanding of the factors affgdtis relationship could prove very
useful for future lake and fishery management.iRiphry data on the feeding rates
and nutritional status of smelt in several Te Ardakes were presented in Rowe
(1997) and contrasted with those in Lake Tafgllowing the ash shower from the
Ruapehu eruptions. Although this ash may have teanibp reduced smelt feeding
and lipid levels in Lake Tawpsmelt (Rowe, 1997), it resulted in a change in the
dominant algal species (from diatoms to green algathe lake during the following
spring (pers. comm. M. Gibbs, NIWA). This was felled by a larger than expected
crop of large trout. Similar relationships betweatgal dominance and trout
production have been noted in the Te Arawa lakess(pcomm. R. Pitkethley, Fish
and Game) and no doubt reflect an improved limrfed chain leading to trout, via
smelt.
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9.  Protection and restoration issues and options

Conservation and enhancement of smelt spawningtatabiill be required to
maintain both the smelt and trout fisheries in Tree Arawa lakes. Degradation of
spawning habitats is thought to be caused mainlgrbincrease in lake trophic status.
A reduction or halt in the trophic status of lakbsough better nutrient control is
therefore clearly the best long term solution fothbspecies. However, in the short
term, habitat improvement by silt removal from sarmbaches in spring, or sand
replenishment may be a worthwhile remediation meadtdowever, such options will
require much finer-scale data on where and whertspawn, and the testing of
remedial options to identify their efficacy and os

Factors other than increased trophic status mayimligact on smelt spawning habitats
in lakes. For example, ski-lanes are often sitethénmiddle of clean sandy, shallow
beaches around the lake and these beaches arsivetgnutilised over summer
months by skiers. This use coincides with smelivsiag and may be inappropriate in
some situations, due to the effects on eggs. Tisetkearly a need to identify where
the major spawning grounds for smelt are in theAifava lakes and when the smelt
spawn on them. Such information will be needed msues better coordination
between recreational use and fishery requirements.

Another factor that can be expected to affect ssmdiwvning habitat in lakes is lake
level control (Rowe et al. 2002¢). The maintenanicelean sandy beaches in lakes is
dependent on wave action (i.e., on exposure toagney winds and on fetch). In
exposed areas of shoreline, wind patterns will htaee main influence on smelt
spawning habitat. However, in sheltered areas @lldakes, the presence of clean
sandy beaches is more dependent on seasonal laMefllectuations which expose
shorelines to desiccation and then re-inundate thesulting in a clean sandy
substrate. This natural cycle ensures that silildbup is minimised and more
importantly, that macrophyte growth is restricteddeeper waters. When lake levels
are controlled between very narrow limits (20 cm less) macrophytes can be
expected to invade shallow waters, reducing thieoreszone of sandy habitat.

The role of smelt in trout fishery maintenanceha Te Arawa lakes is well accepted.
However, smelt may also play a potentially sigaifitrole in water quality control in

some of these lakes through their planktivorousteaNumerous studies have shown
that zooplanktivorous fish can affect algal aburésim lakes by reducing the number
of large, cladoceran zooplankton, primaifilgphnia (Carpenter et al. 1985; McQueen
et al. 1986). Fish predation on zooplankton redtiveis abundance to the point where
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they no longer exert control over algal populatioAs increase in algal abundance
then occurs, and in turn this results in a decr@aseater clarity. Predator control of
the planktivorous fish has been used to reversepifuicess and improve water clarity
in some northern hemisphere lakes (Carpenter et945; McQueen et al. 1986).
Unfortunately, the precise dynamics of this proassnot well understood and it does
not occur in all lakes or at all times. This issside, the existence of such a process
begs the question ‘could smelt exert control owmankton in the Te Arawa lakes
and hence influence water clarity?’ Such a proegfisbe generally masked by the
presence of trout which, as predators of smelt, @mxpected to ensure that smelt
densities are never high enough to exert contrer thhe zooplankton. However, an
artificial increase in the density of trout (andnbe predation pressure on smelt) in
Lake Okareka caused by deliberate over-stocking was &gsdcwith a marked
increase in water transparency and increased @smerofDaphnia (pers. comm. |
Kusabs, 1994). Hence, smelt may well play a sigaifi role in this lake’s limnology
but this only becomes apparent when smelt dersgyrongly manipulated (Rowe and
Graynoth, 2002). Although this possibility existstheory, many factors influence the
foodwebs of these lakes and a true appreciaticdhefole of smelt and trout in the
lakes’ water quality will require much more fundarte research on food web
dynamics (Rowe and Schallenberg, 2004).

A major threat to the smelt populations in the Trawa lakes could be posed by the
introduction of exotic fish. The main species ohcern is perchRerca fluviatilis).
Because it is a limnetic piscivore, it could be ested to impact heavily on the
inshore populations of smelt, bullies ar@lka. Predation by perch would be expected
to reduce these species, especially in the momduptive lakes. This would reduce the
main prey species for trout and increase competfto food between perch and trout
in the littoral zone. Although trout recruitment wéd not be directly affected, growth
rates can be expected to decline.

10. Critical knowledge gaps

The priority information gap for smelt at presenkinowledge of the location, size and
use of beach spawning habitats. Spawning habitdtoisgh to be the main physical
bottleneck controlling smelt density in these lakad knowledge of this is required to
underpin management decisions on smelt conservatldowever, important

information on smelt population dynamics in thedslks also lacking. For example, it
is not known whether smelt numbers are limited utumn by a reduction in

planktonic food supply or by heavy trout and shagdption. Shags may play an
important role in controlling smelt numbers in $bnal lakes such as Rotorua, but not
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in the deeper lakes where smelt schools can eva&aton by moving into deeper

water during the day. Variations in year classrgjtie related to either climate-related
variations in spawning success and/or to variationgrowth and mortality rates are

also likely to have a large impact on smelt abundaand hence on the trout fisheries.
Thus, the role of these factors in smelt populatédrundance also needs to be
determined.

Finally, a method of accurately assessing smelhddnce is a fundamental
management tool. It is required to identify the miaictors affecting smelt abundance
and to determine the success or not of any regiorateasures. Acoustic methods are
being developed for this (Rowe, 2005), but willuieg calibration.
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