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7.  Executive Summary

The report reviews available data to see whether there is evidence of a decline in the
recruitment of longfinned eels (Anguilla dieffenbachii) in New Zealand waters. Data
reviewed were glass eel and elver catches and species proportions, age composition of
both juvenile and adult eels, changes in abundance and size distributions of longfins;
computer models were then developed to simulate the influence of changes in
recruitment on age and size composition of populations.

The data on glass eels and elver transfers were reviewed but were found to be too few
and too variable to provide any clear evidence about trends in longfin recruitment. In
addition, in the absence of measures of effort, it was not possible to determine whether
differences in catches and species proportions reflected changes in absolute abundance

From the year class composition of adult eels, there was no evidence of the same
strong year classes being present at the various sites. However, from an examination of
the age structure and survival rates of juvenile eels, there is strong evidence that glass eel
recruitment has declined in two North Island and 3 South Island waters. Annual
recruitment is highly variable both between years and between waters and it is most
unlikely that recruitment has declined at a steady rate. The rate of decline averages about
7% per annum since 1980; on this basis, glass eel runs now are estimated to be a quarter
of the size of runs prior to commencement of commercial fishing in the early 1970’s.



Low recruitment of longfinned (= longfin) glass eels has led to an unbalanced
population structure dominated by old eels. Today, commercial fishers generally catch
relatively small (<600 mm) longfins, whereas large (>700 mm) females are largely
restricted to lightly fished areas. There has also been a major decline in the size of
longfins caught over the past 20 years. Computer models indicate crop rates might be
as high as 20% y’' in some waters and show that this level of harvesting will lead to a
rapid decline in stocks. Models also indicate that few females survive to spawn at
comparatively low fishing rates of 5-10% per annum and that the upper size limit (4
kg) for female eels is virtually ineffective. In addition to harvest, eel numbers will
have been reduced by dams preventing access to many upland waters, migrating
females being killed by turbines, and reduction/loss of lowland streams and wetlands
through channelisation and drainage.

The net result of these observations on age composition and the implications from
population modeling, is that longfins are being overfished and this has significantly
affected recruitment. Prediction from the models is that the rate of decline in stocks
will accelerate in future. This report has important implications for the management
and conservation of the longfin stocks. If the fishery and stock of New Zealand
longfins is to be maintained, then further conservation measures need to be
considered, such as complete closures of particular rivers or fisheries to maintain the
breeding stock. Reduced minimum legal size and catch limits are unlikely to. be
effective because of the slow growth rate, low mortality rates and great age at
maturity of female longfins. Because of the slow growth rates and correspondingly
" long response time of longfins to reduced recruitment, it is important that additional
protective measures be implemented in the immediate future. While most available
data for modeling are from the South Island, protection of the species must be carried
out on a national basis.

It is recommended that

a) The results of this report and supporting studies are publicised and discussed
with fisheries managers, commercial fishers, Maori, Ministry of the
Environment and the Department of Conservation.

b) Immediate action is taken to reduce the commercial harvest of longfins and to
establish additional reserves.

c) Further studies are undertaken to assess the current status of the longfin stock.
Glass eel recruitment should be monitored during the peak months, and better
information collected on the abundance of elvers at hydro dams. Surveys are
needed to determine the populations of eels in fished and unfished habitats and
to monitor the effectiveness of new reserves and restrictions on harvest.

8.  Objectives

1. To utilise existing data sources, including glass eel information, age frequency
data of elvers and adult eels and special permit data, to report on the past
recruitment of longfins into specific catchments.

2, To determine feasibility of monitoring trends in longfin recruitment.



9, General Introduction
9.1 Distribution

Of the three species of freshwater eel present in New Zealand rivers, the longfin
Anguilla dieffenbachii, is the most common and widely distributed. It occurs from
estuaries to high country lakes and although it is considered a fish of flowing water, it
also occurs in slow-flowing waterways, with swamps being the only habitat that it
appears to avoid (Taylor and Main 1987). Historically, longfins have been New
Zealand’s most common native freshwater fish (Minns 1990), providing up to 90% of
total fish biomass in small streams (e.g. Hopkins 1970).

9.2 Fisheries

Both shortfins and longfins form very important traditional and commercial fisheries. -
The considerable importance of freshwater eel (tuna) fisheries to Maori is recognised by
the Crown and has resulted in the implementing of the six South Island Eel Management
Committees which have equal Maori and fishing industry representation. These
committees are charged with producing an eel management plan for their area, making
recommendations on management practices and providing input into the setting of Total
Allowable Catches once South Island eels enter the Quota Management System in
October 2000. Similar committees are envisaged for the North Island.

The commercial eel fishery generates an estimated annual revenue of $36M (Te Waka
and Maui me ona Toka Mahi Tuna 1996). Longfins constitute 35-40% of the total New
Zealand catch (Jellyman 1993, Annala & Sullivan 1997) but dominate South Island
catches. Over time there is evidence that the proportion of longfins in the catch of both
islands has declined (Beentjes & Chisnall 1997), although this will be partly due to
changing market requirements. In a review of the current status of stocks, Annala et al.
(1999) stated “For most areas it is not known if recent catch levels are sustainable or are
at levels that will allow the stock to move towards a size that will support the MSY”
(maximum sustainable yield). The same authors noted that there were concerns about the
“possible intermittent recruitment of longfins in some areas”. South Island eels are
scheduled to enter the Quota Management System on 1 October 2000, but there will not
be separate quota for each species.

9.3 Growth and vulnerability of adults to overexploitation

The growth of longfins is highly variable and generally slow (e.g. Jellyman 1997,
Beentjes 1999) with the species being the slowest growing of any of the 15 species of
Anguilla, averaging 24 mm y'l (Jellyman 1995, 1997). While longfins in captivity are
capable of growing to 40 cm within a year (Jellyman & Coates 1976), the average
growth rate in Lake Rotoiti, Nelson Lakes was 9 mm y"' (Jellyman 1995) meaning that
the average time for females to achieve maturity from this lake would be 93 years.
Likewise Mitchell & Davis Te-Mairie (1994, 1995) recorded old (> 70 years) and slow-
growing eels from the Waiau (Southland) and Coleridge catchments. On average mature
males migrate at 23 years old, 62 cm and 600 g while females migrate at 34 years old,
115 cm and 4000 g (Jellyman & Todd 1987). Given such slow growth and large size at
maturity, longfins would seem vulnerable to over-exploitation, with the potential for
consequent recruitment failure.



Eel fisheries can maintain high fishing yields while spawner numbers are greatly
diminished, so that reduced recruitment becomes evident in the adult fishery only
after a long period. Longfins recruit to the commercial fishery at about 10-15 years
old in the North Island (derived from data in Beentjes & Chisnall 1998) and at 16 to
26 years old in the South Island (Beentjes 1999).

9.4 Declines in recruitment of Anguilla species

Glass eels of northern hemisphere species of Anguilla (A. anguilla the European eel,
A. rostrata the American eel, and A. japonica the Japanese eel) have all shown
substantial reductions in abundance over the past decade (e.g. Moriarty 1994;
Castonguay et al. 1994). A variety of possible causes have been suggested as reasons
for the decline in recruitment, including loss of utilisable habitat, physical barriers,
acute and chronic effects of pollutants, parasites, overfishing and changes in ocean
currents (Moriarty 1996). However, a recent summary stated “there appears to be no
single proven cause for declining recruitment” (Moriarty & Dekker 1997). In New
Zealand there is hearsay evidence only of declines in the strength of glass eel
migrations (Jellyman 1994); unlike Europe where glass eels catches at some sites
have been recorded for 35 years, there are no comparable long-term datasets for New
Zealand glass eels.

Over recent years, concern has been expressed about the apparent poor recruitment of
glass eels to particular parts of New Zealand; for example, Te Waka and Maui me ona
- Toka Mahi Tuna (1996) suggested that an investigation of the poor recruitment on the
east coast of the South Island should be a high research priority. Anecdotal evidence of
decreased numbers of elvers congregating below the Waitaki Dam (Kelly Davis, pers.
comm.) reinforce this perception as do data on the age distribution of juvenile eels from
NIWA'’s Public Good Science Fund (PGSF) funded programme on Sustainability of Eel
Fisheries (NIWA unpublished data).

These concerns have lead to the present research that examines the hypothesis that
recruitment of New Zealand longfins has declined over recent years, primarily as a result
of commercial fishing which has lead to a reduction in the number and size of adult
longfins migrating to spawn.

9.5 Objectives

This programme objective was: To assess and monitor the recruitment of longfins
(Anguilla dieffenbachii).

The project objectives were:

1.  To utilise existing data sources, including glass eel information, age frequency
data of elvers and adult eels and special permit data, to report on the past
recruitment of longfins into specific catchments.

2. To determine feasibility of monitoring trends in longfin recruitment.

Although the focus was to be on utilising existing data on glass eels and elvers, the
study objectives went beyond that and required that any appropriate data sources be
canvassed.



The first objective involved collating and evaluating data from a range of sources to
see whether there were definite indicators of a reduction in recruitment of longfins —
data included glass eel species composition and density, species composition and age
frequency data of elvers and adult eels. As considerable inter-annual variation in
recruitment was expected (e.g. Jellyman 1979), the real issue was whether there were
discernible trends towards reduced recruitment of longfins over time. The most
important data sources were those which provided information on age-class strengths
over the last 20 or more years. The data reviewed for this objective are presented by
life-history stage, with each stage containing a description of the data sources used,
methods and results. Factors that may have affected longfin recruitment are discussed
together with the potential impacts of declining recruitment on the eel stocks, fishery
and ecosystem. Finally actions which could be taken to increase recruitment are
briefly discussed.

The second objective was to determine the feasibility of monitoring trends in longfin
recruitment, 1.e. is it possible to establish a monitoring programme for some life-history
stage that could be used to measure subsequent trends and changes in recruitment? This
objective is discussed in Section 6.0 “Methods for monitoring trends in longfin
recruitment”. '

10. Glass eel recruitment
10.1 Introduction

There have been periodic records of the occurrence and migration patterns of glass eels
in New Zealand throughout this century. Most of these records are anecdotal, or “one-
off” observations of limited use for the present purposes. Specific studies on glass eels
have been those of Jellyman (1974, 1977a, 1979), Jellyman & Ryan (1983), Jones et al.
(1983), and Jellyman et al. (1999b).

10.2 Materials and methods
Evaluating information on glass eels required:

e an understanding of the seasonal differences in recruitment of both species
e acomparison of historic and present day data on species composition
e compilation of anecdotal information on glass eels recruitment

All known sources of quantified data on glass eels were reviewed. The usefulness of
information varied considerably. Documenting the proportions of both eel species
over a long timeframe is of some value as this may have changed over time. However,
the proportions of both species at a given locality can vary during the season
(Jellyman 1977a, Jellyman et al. 1999b), meaning that capture date must be known
for the data to be of use. Of course, a high proportion of either species might be due to
a better-than-average recruitment of that species, or it could result from low
recruitment of the other species. Therefore, to measure actual changes in the
abundance of longfins, samples need to be relative to a constant sampling unit (catch-
per-unit-effort, or density).

The only quantitative database on glass eel abundance in New Zealand is that generated
as part of NIWA’s PGSF programme on the Sustainability of Eel Fisheries (FRST
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Contract 1605). This programme includes the estimation of abundance of glass eels in
five North Island and six South Island rivers/streams (both west coast and east coast
rivers/streams for each island) at fortnightly intervals throughout the season (July-
December). Samples are collected by electrofishing selected sites in the lower reaches of
these waterways. Five consecutive seasons of data have now been collected. The study
investigates both spatial and temporal variability in glass eel recruitment by asking :

(a) Is the strength of glass eel recruitment a local or national phenomenon? For
example,

(b) What are the differences in the periods for peak recruitment between North and
South Island and east and west coasts?

(¢) How do species proportions vary seasonally at each sampling site?

While all 3 questions are relevant to the present proposal, the main benefit of these data
is as a baseline of information against which future changes in abundance of longfins can
be measured.

To investigate the actual abundance of glass eels, these catch data have been expressed
as densities since the area sampled (m?) often varied between visits. To reduce the
likelihood of resampling glass eels that were present on a previous visit, “newly arrived”
glass eels were defined by Jellyman er al. (1999b) as being those that showed little
" pigmentation (i.e. pigmentation stages 5B-6A23 of Strubberg 1913), and that definition
has been adopted in the present report.

10.3 Results
10.3.1 Extent of glass eels migrations

Waikato River. During the 1970s, there was interest in establishing eel farming in New
Zealand. As a result, considerable effort went into catching glass eels in the lower
Waikato River, both for farming stock, but also as a potential export commodity to
Japan. Catches varied substantially from year-to-year (Jellyman 1979), although some of
this variation would have been due to differences in fishing effort. Total catches were
recorded, and the species proportions derived from subsamples of glass eels examined.
The resulting estimates of the total quantity of longfin glass eels among each year’s catch
(Table 1) show that although longfin comprised only 12% of the catch on average, the
annual catch was less variable than was that for shortfins.

Table 1: Estimated catch of longfin and shortfin glass-eels from the lower Waikato River, 1970-
1974 (data from Jellyman 1979)

Longfin glass-eels Shortfin glass-eels Proportion of longfin
Year _(kg) (kg) ' (%)
1970 252 1622 13
1972 290 1776 14
1973 625 5738 10
1974 110 598 16
Mean (CV) 319 (0.68) 2433 (0.93) 12




There are a number of anecdotal accounts of the size of the annual glass eel migration in
the Waikato River; the most comprehensive of these is by Cairns (1941) who noted that
although most migrations occur at night, glass eels would migrate during floods and
freshes “The writer observed one “run” of elvers (= glass eels) ascending the Waikato
River, in daylight during a slight fresh, passing a point in the river for over eight hours;
this shoal was over 15 ft wide and 8 ft to 10 ft in depth. The elvers were packed closely
within this shoal”. No migrations this extensive were observed during the 1970-74
period of glass eel fishing.

Before the 1970 glass eel fishing, Chapman (1970) discussed glass eel migrations with
local Waikato eel and whitebait fishers, and noted that “at certain times of the year glass
eels run in a continuous stream along the edge of the river day and night. A leading
processor quoted a catch of 300 Ibs in an hour, although this was subsequently altered to
300 Ib in a day. The general picture was that of a column of eels roughly a foot wide and
a foot deep, running continuously for 2 or 3 days”. More recently, Annala and Sullivan
(1999) reported that “Industry reports that runs of glass-eel up the Waikato River have
been large over the past three seasons, and fishers report large numbers of under-sized
eels in most areas”. Of course, the majority of these “runs” would be expected to be
comprised of shortfin glass eels.

On the 13-14 August and again in early September 1999, “reasonable” runs of glass eels
were reported from the Waikato (Dave West Department of Conservation pers. comm. ).
However, experienced whitebaiters on the Waikato River are adamant that glass eel
migrations are smaller today than they were historically e.g. 50 years ago, shoals of glass
ecls (approximately 0.75 m wide and 0.5 m deep) were observed to run for 4 days
continuously (Chris Annadale, Department of Conservation, pers. comm. ).

Bay of Plenty. During the late 1970s, considerable effort went into capture of glass
eels from local rivers to stock the Te Kaha eel farm, Bay of Plenty. Catches (Jones et al.
1983) were 120 kg in 1978, 70 kg in 1979, and 256 kg in 1980. Most eels came from the
Whangaparoa River, with a peak catch of 174 kg on 14 August 1980. Total annual catch
by river is not available for these data, but most of the variation in catch was due to
increased catches of shortfin glass eels and catches of longfin were more stable. Even so
the authors remarked on the variability in the proportion of longfins between years
(percentages from the main river, the Whangaparoa, were 35, 11 and 8% in 3 successive
years). '

Recent migrations. Reports of extensive glass eel migrations are infrequent today,
although an exception was that recorded in the Buller River, South Island, when a
whitebaiter at the mouth of the river saw “miles of small eels .... making their way up the
Buller River. One shoal going up the river was unbroken for hours and hours” (Westport
News 7 November 1996). A Department of Conservation spokesman assumed that they
were shortfinned glass eels. Given that arrival of longfins tends to precede that of
shortfins, and that high numbers of shortfin may arrive late in season in West Coast
-rivers like the Arahura (Appendix 2), then this is a reasonable assumption, However, it
should also be noted that longfins dominate eels stocks of the Buller River (Jellyman et
al. 1983), so that resolution of the species-composition of such runs requires
examination of samples.



An additional record of a large recruitment into the Buller River took place during
1999 — a whitebait fisher recorded a run of glass eels on Sunday 10th of October, “on
the true right of the Buller (near where the high tension lines cross the river). The
glass eels were passing continuously for one and a half hours nonstop and still going
when he left to go home. The shoal was about 50 fish wide and 20 fish deep. The
glass eels were about 2" long and on the top of the tide” (Philippe Gerbeaux,
Department of Conservation, Hokitika, pers. comm.).

10.3.2 Seasonal patterns in recruitment

Jellyman (1977a) found that in the Makara Stream, Wellington, glass eels of both
species arrived from July to December — peak months for longfins were August to
October, while shortfins arrived over the same season, with peak months being
August to November. In a more extensive review, Jellyman et al. (1999b) confirmed
these results i.e. although there were some differences between North and South
Islands, and east and west coasts, the arrival of longfin glass eels preceded that of
shortfins, and longfins appear to arrive in the North Island before the South Island.
Ideally then, when comparisons are made of species composition or abundance over
time, data for the same months should be used to avoid seasonal changes in species
composition.

10.3.3 Species proportions

- Summaries of available data on species proportions of glass eels catches (excluding
NIWA'’s PGSF programme) are given in Appendix 1, while results from the latter
programme are in Appendices 2 and 3. The data are summarised by island (North or
South) and coast (east or west) in Figure 1. Unfortunately the data are too few to
stratify by time (date of capture), so any conclusions drawn must be tentative. Months
when samples were collected range from July — January, with peak months being
September and October, a very similar result to the seasons determined by Jellyman
(1977a) and Jellyman et al. (1999b). Thus there is no evidence for any shorter season
of arrival.

Overall there are insufficient historic data to provide adequate comparisons with the
present day information (Figure 1). Although the data for the South Island, especially the
east coast, might indicate a decline in the proportion of longfin glass eels, the overall
lack of data and the “scatter” preclude any firm conclusions being drawn.

From the historic data on species proportions of glass eels (Appendix 1), it is apparent
that there are regional differences in the proportions of both species. High proportions of
longfin glass eels are apparent from the Taranaki area (Warea — Opunake Rivers),
Poverty Bay-East Cape (Waioeka — Whangaparaoa Rivers), West Coast, South Island
(Hokitika and Waiatoto Rivers), and Southland (Mataura and “Southland” Rivers).
Reference to Jellyman (1993) shows that the commercial catches in these regions are
also dominated by longfins i.e., Taranaki 91% longfin, Poverty Bay 69%, Westland
58%, and Southland 87%.
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Figure 1: Trends in the proportion of longfin glass eels by region of New Zealand from 1920 to
2000. The lines show the best fit for the data but are not statistically significant.

Results from NIWA’s PGSF study, (Appendix 2), show that the species proportions
were found to vary considerably between sites even when those sites are in close
proximity. For instance, Purau and Charteris Bay Streams are only 4 km apart in a direct
line, but Purau averages 7.6% longfins, with Charteris Bay Stream averaging 2.9%; the
most extreme example is Kerikeri Stream and Waitetuna Stream, 10 km apart, where the
longfin compositions average 15.2% and 50.6% respectively. Jellyman et al. (1999b)
discussed the likelihood of glass eels making specific offshore choices about the water-
type they would enter - longfin may have a preference for water from stony streams with
low organic content, while shortfins may prefer water from muddy streams. These
differences in species proportions between nearby streams highlight the importance of
having consistent data from the same streams rather than pooled samples from several
streams.

For those sites where >100 glass eels have been collected over the 3—4 year period,
longfins comprise >30% of the total sample (pooled by years) in the following
waterways (% composition in brackets): Arahura (72%), Flowery Creek (64%),
Waitetuna River (51%), Mill Stream (44%), Serpentine Stream (30%), Temata Stream
(30%). However, for these streams, there is often large variability between years — for
example, the Waitetuna Stream ranges from 21-93% longfin, and the Temata Stream
from 2-39%.



Of interest is a comparison of the Ashley River and Purau Stream (South Island east
coast) samples from the present PGSF programme, (Appendix 2) with pre-1981 samples
(Appendix 1). The comparisons (Table 2) show that while there is some indication of a
reduction in the percentage of longfin glass eels in the Ashley River, there is no
indication of this for the Purau Stream. However, some caution must be used
interpretation of these data as the 1956 Ashley River data were from a single sample and
this can be misleading. For example, although the overall proportion of longfins was low
from 1996-99, there were 3 successive samples during late August — mid September
1997 when the proportion of longfin glass eels was uncharacteristically high

ie, 22/08/97 N=23 longfin = 44%;
04/09/97 N=49 longfin = 41%;
17/09/97 N=97 longfin = 13%.
Table 2: Comparison of historic (pre 1981) and recent percentage of longfin glass eels from 2
sites. N = total number of glass eels of both species
Sample date % longfin N
Ashley River October 1956 38 39
October 1980 0 306
1996-1999 4 2748
Purau Stream September-October 1965 3 494
1995-199 8 879

10.3.4 Densities

Densities of newly arrived glass eels (Appendix 3) provide a better basis for studying
trends than do the species composition data alone. For some sites, sampling in 1995 did
not commence until September and may have resulted in a lower overall density being
recorded than in years when sampling started earlier eg. longfin arrival in the Kerikeri
River peaks during August, so the most comparable data are for 1996 onwards. For
rivers where the sum of the total of newly arrived longfin glass eels caught over the 4-5
years exceeded 100, the mean density per year is summarised in Figure 2.

There are no consistent trends within these data. The data for the Kerikeri and Arahura
Rivers for 1996-99 show small annual variations in densities (coefficient of variation,
CV = 041 and 0.16 respectively) whereas Waitetuna and Serpentine Creek (1995-99)
show high inter-annual variability (CV = 0.97 and 0.90 respectively). For North Island
west coast sites (Kerirkeri and Waitetuna Rivers), 1997 appears to have been a better
than average year, while for South Island west coast waterways (Arahura River, Flowery
Creek, Serpentine Creek), densities are reasonably consistent during the 4-5 years (low
densities in the Serpentine 1995 and in 1996 may reflect partial mouth closure during
these seasons).

10.4 Conclusions

The conclusion from reviewing available glass eel data is that there is no robust
evidence of a reduction in the proportion of longfins, but this conclusion is qualified
by the very limited time series available. High inter-annual variability in densities
mean that extensive time series would be needed to determine longterm trends —
historic data are too few and sample numbers too small to provide meaningful
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comparisons with present-day catches. From the limited data available, there is no
evidence that the arrival season of glass eels has changed over time. There is some
anecdotal evidence that the overall magnitude of glass eel migrations in the Waikato
River has reduced, but without some species breakdown it is not known to what extent
this reduction affects both species. To provide useful baseline data for future
comparisons, glass eels catches should be carried out during the peak months of
recruitment, and some measure of abundance recorded (density or CPUE).

150+
125+
100+

North Island

Waitetuna

Glass eel density
g~
o O
[] 1

N
a
1

Kerikeri
c T 1 1 1 1 1

1994 1995 1996 1997 1998 1999 2000
Year *

1995 1996 1997 1998 1999 2000
Year

Figure 2: Mean annual density (n. 100 m) of newly arrived longfin glass eels. Kerikeri was
possibly affected by lack of sampling in August 1995.

11.  Elver migrations
11.1 Introduction

The term “elver” is generally used to refer to juvenile eels during their summer upstream
migration. Some confusion arises from reference to the literature where the term has
often been used to describe “glass eels”, although the latter is now in more common
usage to describe the life-stage at the time of entry to fresh water from the sea. Elver
migrations are most evident when they accumulate below an obstacle like a hydro dam
or waterfall. The largest of such migrations is at Karapiro Dam, the most downstream
dam on the Waikato River —during summer, tens of thousands of elvers try and climb the
dam wall (30 m).

Some historic observations of the Waikato elver migrations have been made (Woods
1964, Jellyman 1977b), and manual transfers to waters above the dam have been carried
out since at least 1992 (Chisnall et al. 1998). Elsewhere, elvers have been captured and
transferred at hydro dams intermittently since 1984 (Beentjes et al. 1997), and this
process continues at present.
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11.2 Materials and methods
Evaluating the elver data available involved:

e collating all available historic data
e collating recent data collected under the Special Permits issued to agencies involved
with transfer of elvers at hydro dams and weirs

e collation of available data on elver ages to look for any evidence of dominant age
classes and cohorts

The main shortcomings of these data were:

¢ lack of a measure of effort (to provide indices of abundance)
e Jack of historic data for comparison with present-day
* the inability to project backwards beyond the few age classes represented

Unfortunately as fishing effort, timing and method of capture has changed over time,
it is not possible to obtain accurate trends on the size, timing and species composition
of the elver run at each site. In the absence of a consistent measure of effort, greater
catches in any particular year might reflect increased fishing effort rather than increased
abundance of elvers. Similarly, the species proportions can also be misleading as, for
example, a decline in the percentage of longfin elvers in any one year may represent an
actual decline in abundance, but might also reflect an increased abundance of shortfin
elvers. Despite these shortcoming the data were reviewed for evidence of a change in
the numbers of longfin caught at the various sites, and the proportion of longfins in
the catches. '

Methods used in capture of elvers vary between sites, and also between years at the same
site. Both manual (traps, hand netting) and passive (fish pass) transfers are involved; the
various methods are extensively reviewed in Beentjes et al. (1997), and Chisnall et al.
(1998). For the present review, considerable effort was expended in collating the elver
transfer data. Although a few recent fishing permits require that regular samples of
elvers be measured (length and weight) and analysed for species composition, in most
cases only the total weight of elvers and the transfers locations have been stipulated.
In some instances, transfers are known to have been made without permits.

Because there were many gaps in the data and some of the information supplied was
of dubious quality, a “best guess” approach had to be taken to determine the number
of elvers transferred at various sites. For instance, often only the total weight of
transferred elvers was given — to translate this to numbers of each species, a species
mean weight had to be assumed, together with the likely species proportion at that
time (often available from samples of elvers retained to determine species
proportions). In several instances, the species composition of several samples was
listed as “50:50”, which seemed unlikely but had to be adopted. Additional problems
were that for the Patea samples, there were no weight data of subsamples from which
to estimate mean eel weight, while the data for Piripaua gave total weight of
transferred elvers only. Where such specific information was lacking, the best
available estimates were included (e.g. mean weights from other locations, species
composition anticipated from previous samples).
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Our best estimate of the number and species composition of the elvers transferred is
presented in Appendices 5 and 6. Although very limited use could ultimately be made
of these data, they are presented in some detail (i.e. number of longfin elvers and total
number of both species caught per month per season) as some consolidation of the
information is considered important for future reference. Some figures differ from the
information presented by Beentjes et al. (1997) and Chisnall et al. (1998), and also
from the summary information provided to the Ministry of Fisheries by permit holders
usually because slightly different mean weights of elvers have been used.

113 Results
11.3.1 Timing of migrations

As with glass eels, some understanding of the peak months of migration of each
species is of importance to enable valid comparisons to be made. In a review of
upstream migrations of elvers, Jellyman (1977b) found that samples from 11 sites
throughout New Zealand (including 8 hydro dams) were all collected during January
and February. Previously, Cairns (1941) also noted that these months were the main
ones for elver migrations; both Hardy (1950) and Hopkins (1970) observed elvers
migrating during February. Woods (1964) recorded climbing elvers at Karapiro Dam
during February and March, and Boud & Cunningham (1960) stated that elvers
arrived at Roxburgh Dam on the Clutha River during the first four months of the year.
From such records, there is a consistency of January-February being the main periods
of elver movement.

Although most migrations are encountered at the lowermost hydro dam on any river,
usually 20 — 100 km inland, migrations commence further downstream, probably at the
upstream tidal limits where glass eels normally take up residence after their- spring
arrival in freshwater. Thus Schicker et al. (1989), monitoring the elver migration at
Huntly, 70 km below Karapiro Dam on the Waikato River, found movements
commenced during November, peaked during December — February, and continued until
April. Fifteen kilometers upstream of Huntly, at Ngaruawahia, Schicker et al. (1990)
recorded elvers migrating over a shorter period, from early November to late February.

Historically, the arrival times of elvers at Karapiro Dam have shown some seasonal
consistency. Thus Cairns (1941) recorded arrival time at the (then) lowest hydro station
on the Waikato River between 14-18 January during 4 consecutive years, 1936-39.
Likewise, Jellyman (1977b) found that mid-January was the arrival time at Karapiro
Dam for 4 years (1970-71, 1973-74). More recent data have shown earlier arrival times
— thus Beentjes et al. (1997) recorded highest elver catches at the commencement of
their 1995-96 sampling in late December 1995; during more prolonged sampling the
following season, catches commenced in early December, peaked in mid-January, and
continued through into mid March. Beentjes et al..(1997) and Chisnall et al. (1998)
suggested that the earlier arrival during the 1995-96 and 1996-97 seasons may have
been due to unseasonably warm temperatures in December. Part of this apparent advance
in arrival is because observations on arrival at the spillway only indicate the peak periods
of elver activity (J. Boubee, NIWA pers. comm.). Despite this caution, there appears to
have been an advance in the commencement of migration over recent years.

For Karapiro, the average catches of both species per month for the five recent seasons
for which monthly data are available (Table 3) show that although some elvers have
been caught as early as August and as late as June, the longfins season is essentially
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December to February (98.0% of total catch) while that for shortfins is December to
March (99.5% total catch). Also shown in Table 3 is the species composition per month
— these data show that for the important months (December — March), the proportion of
shortfins always exceeds that of longfins, but highest proportions of longfins are caught
during December and January. These data enable comparisons to be made with historic
species proportions, although substantial variability between years means that basing
conclusions on a single years data would be unwise. For example, the percentage of
longfins caught at Karapiro during January (1995/96 — 1998/99) were: 10, 27, 61, 39 %,
and equivalent data from February (1994/95 — 1998/99) were 31, 6, 19, 39, 16 % (full
seasonal data for Karapiro and other sites are given in Appendix Tables AS —1-6).

11.3.2 Species composition and abundance

North Island. Elver transfer is carried out Karapiro Dam and Lake Waikare (Waikato
River ), Matahina Dam and Aniwhenua Barrage (Rangitaiki River ), Patea Dam (Patea
River), and Piripauva ( Waikaretaheke River, Lake Waikaremoana). Although the
longest-running transfers are those from Matahina Dam and Aniwhenua Barrage
(1983/84 to present), the largest catches are recorded from Karapiro Dam.

The number of elvers caught at Karapiro Dam varies considerably from year-to-year
(Appendix Table A5-2). This will reflect both changes in capture technique and
efficiency, as well as the absolute number of elvers arriving. Changes in capture methods
over the years from nets to floating traps (Holmes 1996; Beentjes et al.1997) have
resulted in both greater efficiency of capture and also, a greater size range of elvers being
caught. All that can be reported on therefore are seasonal trends and to some extent,
species composition, although even the latter may vary because changes in capture
efficiency have often resulted in capture of larger longfin elvers (J. Boubee, NIWA pers.
comm.).

Table 3: Seasonal catch of elvers and monthly proportion of each species, by month of capture
at Karapiro Dam; pooled data for 1994/95 - 1998/99. <, = <0.05 %

(A) Seasonal distribution (%) of each species (B) Monthly proportion (%) of both species

Longfin Shortfin Longfin Shortfin
August _ 0.2 0.1 49.2 50.8
September 0 0 - -
October 0.1 0.1 50 50
November < 0.1 13.5 86.5
December 23.8 18.1 - 36.9 63.1
January 52.3 41.3 36.1 63.9
February 21.9 31 23.9 76.1
March 1.5 9.1 6.8 93.2
April 0 0 - -
May 0.1 0.1 252 74.8
June 0.1 0.1 314 68.6
July 0 0 - -
100 100
Total elvers 1,630,459 3,661,576 1,630,459 3,661,576
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The annual catches of longfin elvers from Karapiro Dam, and Matahina Dam, are
shown in Figure 3. Both sites are dominated by shortfins (Karapiro 69% shortfin;
Matahina 24% shortfin). The largest catches of longfin elvers at both sites occurred in
the same season, 1997/98 when Karapiro recorded 894 531 (52% of the total catch)
and Matahina recorded 176 164 (27% of the total catch). The number of longfins
caught at each site between 1992/93 and 1998/99 were significantly correlated (linear
regression, p<0.01). Elvers from both locations are dominated by age class 1
(Jellyman 1977b; Beentjes et al. 1997). Thus the correlation in catches between the
two sites may reflect similar trends in year class recruitment, although how catches
are affected by changes in effort is unknown. However, caution is again required as
the decreased catch for 1998/99 at Karapiro was largely caused by a change in
trapping method when a lift was installed (J. Boubee, NIWA pers. comm.).

Despite the shortcomings of “snapshot” samples, some comparisons can be made of
historic and present-day elver catches for the equivalent sampling periods, to see whether
there are any apparent changes in the percentage of longfins over time (Tables 4 & 5).

From Table 4, there is a suggestion of a reduction in the species composition at Karapiro
Dam, but the proportion of longfin elvers at the other two sites is greater over recent
years than recorded previously. Because of the differences in peak arrival times of both
species, Table 5 compares monthly catch data from Karapiro Dam — assuming that the
limited “historic” adequately represent the actual situation, then it is possible that the
arrival season for longfin elvers has become somewhat protracted over time. However,
without abundance data to go with the species composition, this cannot be confirmed.

South Island. There are currently five locations where elver transfer has taken place
or is still occurring in the South Island: Clutha River, Waiau River, Waitaki River,
Mataura River, and Taieri River. At the time of writing, the Roxburgh Dam elver pass
(Clutha River) is not operating, apparently because of unresolved issues of
management responsibility, while the Waitaki River pass has never operated
satisfactorily — three traps have recently been built at the Waitaki Dam to replace the
elver pass (J. Boubee, NIWA pers. comm.).
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Figure 3: Numbers of shortfin (open bar) and longfin elvers (black bar) estimated to have been
captured at Karapiro and Matahina Dams.

~ Table 4: Comparison of historic (1970-74) * and recent species composition of elvers from
North Island sites. N = number of both species combined in sample. % = percentage of
longfins in sample
1970-74 1994/95 - 1998/99
N % N
Lake Waikare 743 0 584,647 15
Karapiro Dam 3646 38 5,292,035 31
Matahina Dam - 168 21 2,207,245 24

* Data from Jellyman 1977b



Table 5: Historic (1962-74)* and recent (1994/95 — 1998/99) species composition of elvers from
Karapiro Dam. N = no. of longfins, % = percentage of longfins in total monthly

samples
Historic Recent
Month N % N %
January 655 37 853, 467 36
February 638 39 356, 737 24
March 75 24 26, 384 7
Seasonal total 1368 ' 37 1,630, 459 31

* data from Jellyman 1977b

Quantities of elvers caught and transferred in the South Island are small compared to
those in the North Island and there is little quantitative data to meaningfully compare
longfin elver catches between years. Catches are summarised in Appendix 6. Like the
North Island, for the data to be used as an index of longfin abundance, we would need to
know accurately the timing, quantities caught and the effort expended to catch these
elvers.

11.3.3. Age composition of migrating elvers

The contract required analysis of age frequency of elvers (and larger eels) “ to see
whether there are any gaps in the age frequency of longfins that could suggest an
absence of recruitment”. Obviously this is more relevant to larger, and hence older,
eels than elvers; however, if elvers were to be used as an index of longfin recruitment,
then some understanding of the age composition is important. Further, age
composition of elvers could be compared with abundance of glass eels of the
appropriate cohort, to see whether there was evidence of, say, strong glass eels
recruitment translating into equivalent strong recruitment of elvers in subsequent’
years.

Unfortunately, relatively few elvers have been aged. The only North Island elvers aged
are all from the Waikato catchment (Table 6). Not surprisingly, elvers from Lake
Waikare are younger on average than those from further upstream at Karapiro Dam
(130 km upstream). The age frequencies show that age classes 1 and 2 dominate at
Karapiro, although the relative proportions vary between the two years data available.
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Table 6: Age frequency of North Island longfin elvers

Karapiro Dam Lake Waikare
Age January 1971 1995-96 January1971
0 1 1 | 7
1 15 5 6
2 10 11 ' 2
3 6
N - 26 23 15
Mean (SE) 1.4 (0.1) 2.0(0.2) 0.7 (0.2)

Samples of South Island elvers have been aged from the Clutha River (Roxburgh Dam)
in 1971 (Pack and Jellyman 1988), 1997 and 1998, the Mataura River (Mataura Falls) in
1998, and from the Waiau River (Mararoa Weir) in 1996. Age frequencies (Table 7)
show a wide range of age classes are present at Roxburgh Dam and the Mararoa Weir,
probably because both sites are well inland (approximately 100 km and 70 km
respectively) whereas the Mataura Falls are 45 km inland, and some larger elvers may be
“repeat migrators” if they were unsuccessful in negotiating the dam in previous years.

Table 7: Age frequency of South Island longfin elvers

Roxburgh Dam Mataura Falls Waiau

Age Feb 1971 Feb 1997 Feb 1998 Feb 1998 Feb 1996
2 1 8 9 4

3 1 11 12 1

4 5 1 23 2 8

5 8 1 7 1 - 10

6 6 3 1 - -

7 3 5 - - 5

8 4 4 1 - 3

9 1 5 - - -

10 2 7 - - 1

11 4 - - 1

12. 2 - - -

13 8 - - -

14 4 - - -

15 2 - - -

16 - 21 7 - - -

N 29 55 51 24 33
Mean (SE) 6.1 (2.8) 119(0.6)  3.7(0.2) 2.8 (0.2) 5.2 (0.4)

From the South Island data, it is clear that elver migrations are comprised of multiple
cohorts; the Roxburgh dam data show that the age composition of migrating elvers
varies considerably from year-to-year. No single age class stands out as consistently
strong.
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Assuming that the number of elvers caught at Karapiro Dam are indicative of
abundance (and not just varying sampling effort), then the magnitude of annual
catches can be compared with glass eel abundance data from sampling sites on the
North Island west coast (Waitetuna and Kerikeri Rivers Appendix 2). Therefore is
there any evidence that higher-than-average densities of glass eels at the latter sites
correspond with large catches of elvers at Karapiro Dam? (this assumes that glass eel
recruitment into these two streams is indicative of recruitment into the Waikato
River).

The highest average annual densities of glass eels in the Kerikeri River (Appendix 2)
occurred in 1997, followed by 1996 and 1998; for the Waitetuna River, 1997 was also
clearly the “best” year, followed by 1998. Given that the age composition of elvers at
Karapiro Dam is dominated by classes 1 and 2 (Table 7), then strong recruitment of
glass eels during 1997 would be expected to show as large catches of longfin elvers
during 1998/99 (age class 1) and 1999/00 (age class 2). The 1999/00 data are
unavailable at the time of writing, but the 1998/99 catch of 300 000 longfins
(Appendix 2) was only about a third of that of the preceding season. Thus there was
no clear evidence that glass eels catches from elsewhere could be used as an index of
abundance of elvers in the Waikato River, although as previously stated, the reduced
catch during 1998/99 was largely due to changed capture methods..

Further evidence of the variable contribution of glass eels to recruitment into waterways
comes from Lake Pounui, Wairarapa, where the annual influx of glass eels and elvers
(<20 cm) was trapped over 4 seasons (Jellyman & Ryan 1983). Because of large
fluctuations in the numbers of shortfin glass eels and elvers recruiting into Lake Pounui
(Table 8), the variation in the percentage of longfin recruits is misleading — the absolute
number of longfin vary between seasons by factors of 12.4 and 3.8 for glass eels and
elvers respectively. The CV for longfin glass eels and elvers were 0.73 and 0.75,
compared with 1.41 and 0.73 for shortfin glass eels and elvers. The overall extent of
longfin recruitment did not appear to be related to shortfin recruitment as peak seasons
