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Executive Summary

In June 2008, a wall to divert the nutrient-richtevafrom Lake Rotorua around the edge of Lake
Rotoiti and into the Kaituna River was completed. determine any effect of this diversion wall on
the migrations of smelt between Lake Rotoiti andkd.&otorua via the Ohau Channel, annual
monitoring of smelt runs in the Ohau Channel andlsabundance in Lake Rotoiti have been carried
out since 2006. Prior to June 2008, smelt monitpprovided a pre-diversion baseline and, as itdake
at least a year for fish population dynamics tgoes to a change in their environment, monitoring
over 2008/2009 was not expected to reveal any nedgange. Monitoring during 2009/2010 therefore
provides the first real opportunity to detect ampact of the diversion wall on smelt migrationghe
Ohau Channel and smelt abundance in Lake Rotoiti.

As in previous years, the upstream migration oflsmas trapped at four sites in the Ohau Channel at
2-3 weekly intervals from August 2009 until Junel@0 A high catch rate of adult smelt occurred in
October 2009 and the concurrent increase in thedance of shags indicated that a ‘run’ or migration
of smelt was occurring in the Channel at this tildear daily observations of birds, fish, and argler
made by a local angler near the top of the Ohawn@#andicated that runs of adult smelt were likely
to have occurred on a number of days between SbpteP009 and February 2010, including the day
on which the trapping occurred in October 2009 |€@tively these results and observations indicate
that the diversion wall has not stopped the migraaf adult smelt into the channel to spawn. Ncrun
of juvenile smelt were detected in spring or autubut they may either not occur on an annual basis
or now only occur in winter months (i.e., outsidthe tmonitoring period). This aside, runs of adult
smelt into the Ohau Channel occur with the diversiall in place and provide opportunities for shags
and gulls to feed, allow local iwi to harvest smialthe channel, and facilitate the catch of troyt
anglers.

Monitoring of larval smelt abundance in the lakdioated that larval densities over the 2009/2010
summer period were more than double those measlurétgy the previous three summers. This may
represent a generalised increase (i.e., smelt itmemi increased in all lakes because of similar
weather conditions in 2009/2010) or it may be alagecific response, related to the increased water
clarity in Lake Rotoiti and/or the absence of bireen algal blooms. Further monitoring is requiced
determine whether smelt recruitment increases mestr indicating a trend and reflecting lake
restoration, or whether it was related to natuealability. The adult smelt population in Lake Ritito
was estimated by acoustic surveys. The 2009 surwefirmed that the smelt population was the same
as that recorded in 2008. The annual decline imativenean abundance recorded between 2000 and
2007 has therefore been halted, and the increasena of larval smelt in 2009/2010 may increase
adult abundance in 2010/2011. We therefore recordrtigat monitoring continue for another year to
determine whether the encouraging results obtadluenhg the 2009/2010 season represent a trend or
are simply a consequence of natural variationedl&d interannual variations in weather conditions.

Smelt monitoring in the Ohau Channel and Lake Riadoring 2009-2010 iv
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1. Introduction

To reduce nutrient inflows from Lake Rotorua intake Rotoiti and thereby improve
water quality in Lake Rotoiti, Environment Bay deRty diverted the inflow of water

from Lake Rotorua into Lake Rotoiti. This diversimas achieved by the construction
of a wall that diverts the water flowing down théaad Channel from Lake Rotorua
around the edge of Lake Rotoiti towards the KaitRihaer mouth.

Concerns that this wall may restrict fish movemems$ween these two lakes and
impact on trout and smelt fisheries were raisethieyEastern Fish and Game Council
and local iwi respectively. This was because, lfirgnigrations of adult smelt up the
Ohau Channel occurred in spring and supported # smdishery in the Channel as
well as a seasonal trout fishery there. Migratiohgivenile smelt have also occurred
up the Channel during summer/autumn months, butateregular, annual events.
Secondly, a decline in the smelt population in L&@oiti could affect the trout
fishery there. Because of these concerns, conditrequiring pre- and post-wall
monitoring of smelt in both the Ohau Channel anlleLRotoiti were attached to the
resource consents granted to Environment Bay ohtfleThe intent of these
conditions was to determine whether the wall afldcmelt migrations in the Channel
and/or smelt abundance in Lake Rotoiti.

Construction of the diversion wall was completedJume 2008 and monitoring was
carried out in 2005/2006 and 2007/2008 to provigeeawall baseline. As there can
be a delay of a year or more before fish populatiocgspond to changes in their
environment, monitoring in 2008/2009 was not expedb provide a true post-wall
comparison. Monitoring in 2009/2010 therefore pded the first valid opportunity to
detect any impact of the wall on smelt.

As in previous years, the movements of smelt upQhau Channel were monitored

by trapping, and the size of the smelt populatrohake Rotoiti was assessed through
the acoustic measurement of adult smelt abundéogether with the measurement of
larval smelt density in this lake. Methods usedehast changed between monitoring
seasons, so that the results for 2009/2010 carnréetld compared with the results

from previous years.

Smelt monitoring in Lake Rotoiti 2009-2010 1



—NIWA_—

Taihoro Nukurangi

2. Methods

21 Smelt migrationsin the Ohau Channel

The location of the four sites (2 upstream, 2 ddveasn) used to monitor smelt
movements in the Ohau Channel are shown in Figure 1

Approx location of the
diversion wall along the
edge of Lake Rotoiti

Ohau Channel
inlet & weir

Figure1: Location of smelt trapping sites (red triangles)tiie Ohau Channel. Black arrows
indicate direction of flow.

Trapping was carried out at two to three week ir@tsrduring the nine month period
from 7th September 2009 until 8th June 2010. Tve@® placed close to the bank at
each site, facing downstream in order to captudgregm migrants. The traps were
triangular with a 1 m by 0.5 m wide opening tapgrio a 20 cm wide capture
compartment. Mesh size was 2 mm. Traps were ussellglose to daybreak and the
catch removed every 3-4 hours until late evenirfye Total number of smelt caught
per trap and the time for which the traps wereiriiglwere recorded and, depending
on the number of fish present, all or a subsam@eewemoved for determining the
proportion of juveniles to adults. Both the len@timder or over 45 mm total length)
and coloration of smelt were used to distinguistiepules from adults and the
proportion of each in the total catch per site determined from the subsamples. The
catch per unit of effort (CPUE) for all smelt waalaulated as the total catch for all
four traps per day divided by the total trappimgeiin minutes.

Smelt monitoring in Lake Rotoiti 2009-2010 2
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Shag numbers (both on the banks and in trees lih@ghannel) were counted along
the channel's entire length on each sampling oonasshags are predators of smelt
and their abundance provides an additional medsuwletect the presence of the high
densities of smelt that are characteristic of larggrations (commonly termed runs).
In addition to the smelt monitoring, water temperas (Tidbif data loggers), water
clarity (black disc visibility), water velocitiesear the entrance to each trap, the
discharge of water through the channel, and theatgh of common bullies, koaro
and trout were also recorded.

22 Adult smelt density

Acoustic surveys of adult smelt density in Lake d®otwere first carried out in
September 2000 and were repeated annually from 2005008 using the same
transects (Figure 2) and methods as used in pregoveys (Rowe et al. 2006; 2008;
2009).

The 2009 survey used the same SIMRAD EK60 machiegading at 120 kHz, with
the transducer mounted in a towed V-fin at a dep®-3 m below the boat. The V-fin
is borrowed from the Department of Conservationréngi) and ensures vertical and
horizontal stability of the transducer when waveacfrom strong winds is high and
the boat pitches and rolls. Fortunately, windy dbods have not been encountered on
Lake Rotoiti to date. The 2009 survey was carrietian 17 September and it was
apparent that the repair of the V-fin cable (whimoke in September 2008) had
permanently altered the tilt of the V-fin. Thisnmduces a consistent bias into the data
with the actual depth of fish echoes now beinghsljgdeeper than before and the
strength of the return echo being slightly lowehe$e changes do not affect the
estimation of smelt abundance, but they would redhbe estimation of smelt biomass
unless corrected for the drop in mean target stheng

Because the V-fin is now old and no problems withdvand wave action have been
experienced to date, we plan to replace the V-fithva boat mounted pole or
stanchion as this would overcome some of the ‘hqiseblems with the V-fin cable
and avert future problems with cable failure. IM020contemporaneous data were
collected using a new transducer mounted on a g@adestanchion. These new data
will allow data from the two transducer system$écross-calibrated so that future
results obtained via the new mount can be direxiimpared with the historic data. At
present, this analysis has not been carried ouf i&ride acoustic survey is to be
repeated in 2010, some provision for this will nezte provided.

Smelt monitoring in Lake Rotoiti 2009-2010 3
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The echosounder was calibrated in situ on the dalyeosurvey and data on ambient
‘noise’ that could potentially confound the resulMere obtained. The lake was then
acoustically surveyed along each transect anddteshved for later processing. This
involved identification and delineation (on the egram for each transect) of the fish
layer within which the adult smelt occurred (iechoes with target strengths ranging
between -55dB and -45dB). This process excludesniadler, juvenile smelt that are
present mainly in surface waters (0-10 m) and wlaich not amenable to acoustic
sampling.

Acoustic transects

Depth contours

Figure 2: Transects (dashed red lines, labelled 1-12) usetthéoacoustic survey of Lake Rotoiti
in September 2009.

The acoustic data present in the adult smelt regaineach transect were analysed
using ESP2 (McNeil et al. 2003) to determine thaltamount of acoustic backscatter
received from each region (i.e., a measure of dked sound energy reflected by the
fish present within a depth delineated region ocheaansect). This process can be
expected to include backscatter from adult raindoout and some larval bullies
present in these regions. However, trout are géygoeesent in shallower waters
above the adult smelt layer (Rowe & Chisnall 1986) adult smelt occupy deeper
waters in lakes (presumably to avoid trout predgtioTherefore overlap in
distributions is minimised. Although the presenéesome trout in the ‘adult smelt’
layer could result in over-estimation of the acmustackscatter from adult smelt
alone, this is expected to be minor and similaheear.

Smelt monitoring in Lake Rotoiti 2009-2010 4
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The amount of backscatter for each transect wasileatd per fof lake surface area
for the 2009 survey and compared with that measeaeti year from 2005 to 2008 to
identify any changes in the spatial patterns oflsatmindance in the lake. The mean
areal backscatter for adult smelt over the entike lwas then calculated and divided
by the acoustic backscatter produced by a singkrage-sized adult smelt to provide
a measure of the mean number of adult smelt pesecd for 2009. As the backscatter
produced by a single, average-sized smelt mayrdiééwveen years (e.g., because of
differences in growth rate and hence size), ang hétated to changes in smelt size
were reduced by using the modal value for smelthm target strength frequency
distribution.

2.3 Larval smelt density

Smelt have an extended spawning period lasting Bprimg until the end of summer.
Eggs are deposited on clean sand in shallow (0r6<eep) waters around the lake
margin as well as in shallower waters on the sasuhystrate of inlet streams. The
larvae hatch in 10-25 days (depending on lake wateperature) and become pelagic.
Newly hatched larvae are around 6-7 mm long andraresparent. They have no air-
bladder so, unlike the smaller larval bullies ttiatpossess an air bladder, they are not
detected by echosounder even at high frequencies 200 kHz). The smelt larvae
grow over summer and winter months until they readength of around 25 mm at
which time they become pigmented, adopt adult edion, and form large schools in
the surface waters (0-5 m) of the lake, where thegome the main prey species for
rainbow trout. The optimal time for smelt spawnargd hence for larval smelt density
in lakes is not known, so estimates of larval snadlindance in Lake Rotoiti are
carried out in both December and April to includel slightly lag the main spawning
periods (spring and summer).

In December 2007 and April 2008, drop netting wagaeded to include 30 sites
spread throughout the lake. The same sites werelednn December 2009 and in
April 2010. The Wisconsin drop net has a mouth arfe@.25n7 and a mesh size of
250u. It is dropped from the lake surface down wepth of 2-3 m above the lake
bottom at which point it is throttled to prevenskiescapement and brought to the
surface. Larval fish are washed out of the netiesomto species (larval bullies and
larval smelt) and counted. Lengths are measurddetatify the occurrence of small
larvae indicating recent recruitment. Secchi disptd is measured because the overall
number of smelt larvae in lakes has been foundotwacy with water transparency
(Rowe & Taumoepeau 2004).

Smelt monitoring in Lake Rotoiti 2009-2010 5
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The mean catch of larval smelt was calculated lier 2009/2010 spawning season
(i.e., December 2009 plus April 2010) and expregseadlation to secchi disc depth to
reveal any change in density independent of chamgegter clarity. The data for

2009/2010 were compared with those for previoussy&adetermine any significant
trend.

Smelt monitoring in Lake Rotoiti 2009-2010 6
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3. Reaults

31 Ohau Channel smdt

Trap one generally catches more smelt than ther dthps. However, exceptions
occurred between September and November 2008, il Apd May 2009, in
September and October 2009, and in April and J046 2Fig. 3).
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Figure 3: Proportions of all smelt caught by the four tragsneen September 2007 and June

2010 (Traps 1 and 2 are located near the top oOtieeu Channel and Traps 3 and 4
are located further downstream, just above theothkbt to Lake Rotoiti).

The daily catch for Trap 1 was negatively corralgfeearson’s product moment) with
the daily catch for all other traps (Table 1). Thidicates that when Trap 1 caught
high numbers of smelt, all other traps caught lomgnbers. Site-specific differences
in capture rates are most likely to be related he interaction between smelt
distribution in the channel and localised condiicsuch as water velocity, water
depth, bank slope and distance from the shore.-Based electro-fishing surveys
have shown that smelt abundance is highest neaophaf the Channel, just below the
weir, and decreases with distance downstream é@as 2008).

Smelt monitoring in Lake Rotoiti 2009-2010 7
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Correlations between smelt catches per trap.

Table 1:
Trap 1 Trap 2 Trap 3 Trap 4
Trap 1 1
Trap 2 -0.368161 1
Trap 3 -0.587281 -0.169192 1
Trap 4 -0.660954 0.152127 -0.085102 1
Flow rates in the Ohau Channel varied greatly awee (Fig. 4), hence water
velocities also varied over time and between thp sites (Fig. 5). Water velocities
were generally highest at the Trap 1 site (Fig.ab)l this could account for the
generally higher catch rates here between 2002@08, but not at other times.
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Figure4: Flows through the Ohau Channel September 2007ni 2010.
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Figure5: Variations in water velocity at the four trap sitegr time.
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The daily mean catch rate of smelt remained belofis® min™ throughout the
2007/2008 and 2008/2009 monitoring seasons (Figpu6)ncreased to 3.5 fishin™

in October 2009 (Fig. 6). Runs of smelt in the e¢lerare usually accompanied by an
increase in predators (i.e., shags, gulls, troat) by an increase in anglers. Shag
numbers were also high at this time (Fig. 7) intiigp that a run of smelt was
occurring. Observations of predators and anglirityisc made at this time by a local
angler of many years experience (Mr Proud) continat a smelt run was occurring

(Table 2).
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Figure6: Daily catch rate for smelt in the Ohau Channel fiseptember 2007 to May 2009.
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Observations made by Mr Proud of birdlife, fishigtt and angling in the vicinity of
the Ohau Channel weir on a near daily basis betwegtember 2009 and June 2010
(observations indicative of smelt runs are in rettl’ is standard daily time, ‘nos’ is
numbers).

Date

Daily observations and notes (2009-2010)

31/08/2009|13:00. No birds observed around weir or to main road bridge. Run reported in morning
2/09/2009|14:00. No birds observed around weir or to main road bridge
3/09/2009|14:00. No birds observed around weir or to main road bridge
7/09/2009|Smelt survey by Niwa.
8/09/2009|9:30 am. Small no of birds observed working
12/09/2009]11:30 am. Large no of shags above main road bridge
14/09/2009]9:15 am. Large no of shags above main road bridge
14/09/2009|12:00 (noon). Shags and trout going to town below weir
14/09/2009(15:30. No birds below weir
15/09/2009]14: 30. Bird nos. low
17/09/2009(12.30 pm. No birds
18/09/2009(9:30 am. Some birds above main road bridge
20/09/2009]A lot of birds around trap one pers comm
21/09/2009|No birds weir to trap 2
22/09/2009|Smelt survey by Niwa. A lot of birds in morning
23/09/2009|Lots of whitebaiters below weir in morning, none at 12.00 (photos)
24/09/2009]9:00 am. No birds around weir, a few trap one and two and none else where (photos)
25/09/2009] A few birds below weir, about 12 shags sunning themselves above trap one and a few birds above main road bridge. (photos)
1/10/2009| 8.00 am. A lot of shags, gulls and herons. Smelt run evident, 50-60 fisherman and 124 fish measured by 9.00 am
2/10/209|7.30 am. A lot of shags and gulls, a few herons, A smelt run noticed and 30-40 fisherman
4/10/2009|6.30 am. Low number of shags and herons and no gulls. A lot of smelt but not called a run. 12 fisherman.
7/10/2009| Smelt survey by Niwa. Whitebaiter above trap one. Same guy who was in fish and game photos and F&G magazine.
11/10/2009]3.00am. Few shags, gulls and herons.A lot of smelt and about 14 fisherman.
11/10/2009(8.30 pm. Hardly any shags, no gulls and low nos of herons.A lot of smelt and 3 fisherman.
17/10/2009(7.30 pm. Hardly any shags, no gulls and a few herons. A lot of smelt and 6 fisherman.
18/10/2009|7.00 am. Low nos of herons(10-20) but a lot of shags and gulls. Smelt run evident and trout caught. 13 fisherman
19/10/2009(6.30 am. A lot of shags and gulls. Low no. of herons (10-20). A lot of smelt, fish caught and about 20 fisherman.
21/10/2009| Smelt survey by Niwa.
25/10/2009]7.00 am. A lot of gulls. Low no of herons(10-20) and low no of shags(10-20).a lot of smelt, fish caught and about 8 fisherman
26/10/2009]7.30. A lot of gulls and shags. Many herons. A lot of smelt, fish caught and about 15 fisherman.
28/10/2009|8.00am. Many shags and gulls. Low no of herons(10-20). A lot of smelt, fish caught and about 8 fisherman.
29/10/2009]7.00 am. Low no of shags(10-20), low no of gulls(10-20) and many gulls. A lot of smelt, fish caught and about 5 fisherman,
2/11/2009|7.00am. Many shags, many gulls and quite a few herons and lots of smelt evident and about 8 fisherman.
2/11/2009|6.30pm. Few shags, Many gulls and few herons and lots of smelt evident and about 3 fisherman.
5/11/2009| Smelt survey by Niwa. Lots of anglers in morning and also birds but activity subsided during the day. No anglers at night.
7/11/2009|6.30 am. Many shags and gulls. Few herons and lots of smelt and about 15 fisherman.
19/11/2009]|Smelt survey by Niwa.
17/12/2009|Smelt survey by Niwa.
13/01/2010|Smelt survey by Niwa.
16/02/2010|Smelt survey by Niwa.
15/03/2010|Smelt survey by Niwa.
12/04/2010|Smelt survey by Niwa staff. Anglers catching fish at weir.
28/04/2010|Smelt survey by Niwa staff. Anglers catching fish at weir.
7/05/2010|7.30 am. Few shags, gulls and quite a few herons. 3 fisherman. A lot of smelt. Fish being caught.
9/05/2010|8.30 am. No shags and gulls and a couple of herons. 3 fisherman. No smelt evident. No fish caught.
9/05/2010|5.45 pm. No shags and a couple of gulls and herons.4 fisherman and no smelt evident. Fish being caught.
20/05/2010]7.30 am. Many shags (>20). A few gulls and herons. 3 fisherman and few smelt evident. Fish being caught.
20/05/2010]7.00 pm. A few shags, no gulls and between 5 - 10 herons. 1 fisherman and a few smelt evident. No fish caught.
23/05/2010]8.00 am. A few shags, no gulls and a few herons. 4 fisherman and a few smelt evident. Fish being caught.
23/05/2010]5.45 pm. No shags , gulls or herons. 5 fisherman and no smelt evident. No fish being caught.
26/05/2010]6.30 pm. No shags and few gulls and herons. No fisherman and no smelt evident. No fish being caught.
27/05/2010|7.00 am. Between 10-20 shags. A few gulls and herons. 2 fisherman and no smelt evident. Fish being caught.
29/05/2010]5.00 pm. A few shags, gulls and herons. 4 fisherman and no smelt evident. No fish caught.
31/05/2010]9.30 am. A few shags. No gulls and herons. 4 fisherman and no smelt evident. Fish being caught.
31/05/2010]6.00 pm. No shags or gulls and a few herons. 1 fisherman and no smelt evident. Fish being caught.
1/06/2010|7.30 am. A lot of shags (>20) and between 10-20 gulls and herons. 2 fisherman and no smelt evident. Fish being caught.
9/06/2010|Smelt survey by Niwa.

Smelt monitoring in Lake Rotoiti 2009-2010 10
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The observations of birdlife and angling activitytlke Ohau Channel mouth indicate
that smelt runs were probably more extensive irh Hotquency and duration than
recorded by trap monitoring. This is to be expeatdeen trapping is staged at 2-3
week long intervals and the timing and duratiosroglt runs is highly variable.

The seasonal timing of adults and juvenile fisha#®d much the same as in previous
years, with juveniles increasing over the warmemmer months and adults being
more abundant at other times of the year (FigA8ults were responsible for the run
of smelt in October 2009 and adult smelt occurreldige numbers in the Channel up
until December 2009. No ‘summer/autumn’ runs okjule smelt have been recorded

since 2006.
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Figure8: Proportion of juvenile versus adult smelt in thea@hChannel trap catch from
September 2007 to June 2010.
The catch of smelt was positively correlated witdwf (Table 3) suggesting that smelt
may swim closer to the bank (and hence become mdrerable to capture) when
high water velocities, related to higher flows, wcm mid-channel.
Table 3: Correlations between the variables measured bet@2@@nand 2010.
Smelt catch Bully catch Shags Black disc Flow
(No. min ™) (No. min ™) (No.) (m) (Ls™)
Smelt catch 1.00
Bully catch 0.16 1.00
Shags 0.46 0.02 1.00
Black disc 0.05 0.43 -0.22 1.00
Flow 0.50 0.02 0.63 -0.25 1.00

Smelt monitoring in Lake Rotoiti 2009-2010 11
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The daily mean catch of smelt was positively cated with shag counts (r = 0.46)
(Table 3), indicating that shag numbers increaseegponse to increased prey (i.e.,
smelt). The relatively high correlation betweengsimmber and flow rate suggests
that more shags accumulate in the channel at tohdsigh flow. This could be
because smelt are easier to feed on when flowkige(i.e., they form dense schools
which move closer to the bank), but this is hypbda¢

The by-catch of bullies and koaro is shown in Fegu® and 10 respectively. The
summer peaks in bully abundance are related piyn@rithe presence of juveniles.
Because their ability to swim against a high watelocity is very limited, they are

likely to be moving downstream from Lake Rotoruasel to the bed of the channel.
This means that they will be caught in the trapshay seek shelter from high water
velocities by congregating behind the downstreanh @nthe traps. Major peaks in
juvenile koaro counts occurred mainly during midssoer months (December and
January) when juveniles are known to undertakegaation from lakes into tributary

streams. They are relatively good swimmers comparddbullies and are likely to be

moving upstream in the Ohau Channel at this time.
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Figure9: Total daily catch rate for bullies in the Ohau Oheln
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Figure10: Catches of koaro in the Ohau Channel traps ovédr sampling period (blue bars).

Between September 2009 and June 2010, water tetupeydn the Ohau Channel
ranged from 9°C to 26°C (Fig. 11) - a similar ratwéhat recorded in previous years.

Temperature ( °C)
B R R R NN
N A OO 0O O DN

=
o
L
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Figure 11: Water temperature in the Ohau Channel over the/20@9 sampling period.

Water clarity (as measured by black disc transggperanged from 0.5 to 2.0 m over
the 2009/2010 sampling period (Fig. 12). In genewahter transparency in the
Channel has tended to decrease each season. Tuaiars in water transparency
recorded in February 2008 and December 2009 agly lik be related mainly to algal
blooms in Lake Rotorua.
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Figure12: Water transparency in the Ohau Channel from Sepe2®07 to June 2010.

3.2 Adult smelt density

As in previous years, adult smelt abundance in 2i¥#9eased from transect 1 (deeper
eastern basin end) to transect 12 (shallow westasin, close to the Ohau Channel)

(Fig. 13).
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Figure 13: Mean number of adult smelt (N“@nper transect for each of the acoustic transects i

Lake Rotoiti between September 2005 and Septenti&r. 2
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The 2009 target strength (TS) frequency distributior ‘individual’ echoes from
smelt revealed several distinct modes, as in posvigars (Figure 14). In 2009, the
modal value for all smelt was close to -56dB, whkimilar to that recorded in 2008
and slightly lower than in previous years, apadnfr2005. Lower values were
expected in 2008 and 2009 as a consequence dighetsansducer tilt, but this effect
is likely to be minor in relation to the effect other factors and does not affect
estimates of abundance.

The mean density of adult smelt across all trasgaatvides a comparable measure of
the adult smelt population in Lake Rotoiti and wn in Figure 15 for the years
2000, and 2005 to 2009 respectively. The estin@t@®08 was adjusted (upward) to
account for a processing error related to the egséimf mean target strength for an
individual smelt. As a consequence, the abundaheedt smelt in Lake Rotoiti in
September 2009 is much the same as it was in 206d72808. The decline in
abundance that occurred between 2000 and 200hé@ddre been halted, but there is
as yet no sign of an increase in smelt abundandetbéhe levels recorded in 2000.
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Figure 14: Frequency distributions for ‘individual’ echoesliake Rotoiti 2005 to 2009 showing
inter-annual variation in the modal echo strengthifidividual smelt (both adults and
juveniles).
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Figure 15: Mean density (+SD) of adult smelt estimated frorawstic surveys in September for
2000 and 2005 to 2009 in Lake Rotoiti.

3.3 Larval smelt density

Mean catch rates for larval smelt, reflecting ardahsities throughout the water
column, are shown in Table 4. Catch rates in lbember 2009 and April 2010
were more than double those recorded in previoassye

Table 4 Mean catch rates (+SD) for larval smelt throughbake Rotoitibetween 2005 and

2009.

Summer season (hauls) Mean catch rate (No. net-haul '1) +SD

December April

2005/2006 (n = 15) 0.60 £0.74 0.47 £0.52

2007/2008 (n =30) 0.65 +1.28 0.94 +1.15

2008/2009 (n =30) 1.00 £1.34 0.42 +0.76

2009/2010 (n =30) 2.52+1.39 1.68 +£1.49

The density of smelt larvae in lakes decreasekeakke becomes more eutrophic and
water transparency (i.e., secchi disc depth) desli(Rowe & Taumoepeau 2004).
Larval smelt density measurements in lakes theszefaed to be standardised for
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changes in lake water transparency. The mean &R&IE for the 2009/2010 summer
period is shown relative to other years and to roB@atorua lakes in Figure 16. The

density of larval smelt over the 2009/2010 sumnenigal was higher than recorded
for the previous three summers indicating highentlusual recruitment. However,

recruitment was not as high as recorded duringl885/1996 summer. The increase
in larval smelt recruitment in Lake Rotoiti in 202910 could be a consequence of
natural variation related to weather conditions.(ian increase occurred in all local
lakes), or it could be lake-specific and relatedite increased water clarity and/or
absence of blue green algal blooms in Lake Radaiting 2009/2010.

The total length of larval smelt sampled rangednf®23 mm in December 2009 and
from 5-18 mm in April 2010. The presence of smalivhe (TL 4-8 mm) on each
sampling occasion since December 2005, coupledtivtipresence of a wide range of
larger smelt (TL 10-20 mm), indicates that smeéveping is not restricted to early or
late summer, but occurs over a wide range of summenths. The frequency
distribution for 2009/2010 (Fig. 17) indicates thiare has been a general increase in
both the size and number of larval smelt present.
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Figure 16: Mean abundance of larval smelt (No. net-Hauh Lake Rotoiti for December and

April in the 1995/1996 summer period, and for summeriods between 2005/2006
and 2009/2010, all in relation to mean water transpcy as measured by secchi disc
depth (red circles). Data for Rotoiti are shownetation to data for 10 other Rotorua
lakes (blue circles) over the 1995/1996 summerwsim the positive relationship
between larval smelt abundance and water transparamong lakes (Rowe &
Taumoepeau 2004).
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Figure 17: Size frequency distributions for larval smelt inkeaRotoiti during the past four
summers.
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4. Discussion

Comparison of the Ohau Channel trap data betwesme 2005 and June 2010
indicates that large runs of smelt occurred in20@5/2006 summer season (pre-wall),
but not in the 2007/2008 (pre-wall) and 2008/2008s{-wall) seasons (Fig. 18).
However, a run of adult smelt was recorded in 18922010 season. This indicates
that the Ohau Channel diversion wall does not prevans of adult smelt from
occurring in the Channel during spring months. Hesve runs of juvenile smelt,
which can be expected in summer/autumn months hetebeen detected by
fortnightly trapping to dateThis may be because they have not occurred omubeca
they occur after trapping ceases (e.g., June). ¥diseat smelt run was reported to us in

June 2008, trapping through to mid-June in 2009ndidreveal any increase in smelt
at this time.
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Figure 18: Long-term changes in the mean CPUE of smelt ircthau Channel from Traps 1 and
2 (traps 3 & 4 were not installed until 07/08).

The abundance of adult smelt in Lake Rotoiti wasimilne same in 2009 as it was in
2008, indicating that the marked and steady dedinsmelt that occurred between
2000 and 2007 (Fig. 15) has now been halted. Thig maflect the positive effect of
the diversion wall on the water quality of Lake &iot(i.e., improved water clarity
and absence of blue green algal blooms). Howevenitoring over a longer time
frame would be required to confirm this.

The recruitment of larval smelt into Lake Rotoitasvsignificantly higher during the
2009/2010 summer season than in the previous tagogss indicating that recruitment
of smelt to Lake Rotoiti is not dependant on arfluinof larvae from Lake Rotorua or
on spawning over the sandy banks of the formeadelgion of the Ohau Channel. In
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both December 2009 and April 2010, the distributmnlarval smelt was spread
throughout the lake and was not confined primatdythe deeper eastern basin as
occurred in previous years. This augers well fott me@ason, as by September 2010,
many of these fish will be adults and this couleérthincrease the acoustically
estimated adult smelt population. However, thisuams that the predation rate by
trout does not increase significantly (i.e., stagkdensities remain the same) and that
the survival of smelt is not density dependeninaitéd by food.

In conclusion, runs of adult smelt occurred in @wau Channel during the 2009/2010
summer indicating that the diversion wall has nt¢ded these fish. Spring runs of
juveniles have not been detected since 2006, layt ¢d not occur in 2007 (i.e.,

before the diversion wall was installed) so mayyamtcur in some years. Anecdotal
reports of a run of smelt in the channel in Jun@82(ust after sampling ended)
suggested that runs of juveniles may still be ategrbut during early-winter rather

than late summer/autumn months.

5. Recommendations

Monitoring should be carried out for at least onarenyear to confirm that smelt runs
in the Ohau Channel continue and to provide anobdp@ortunity to detect runs of
juvenile smelt. Monitoring for a further year isalrecommended in Lake Rotoiti to
determine whether the increase in larval smelt twedhalt to the annual decline in
adult smelt numbers in Lake Rotoiti continues.
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