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Abstract

Beentjes, M. P. 1999: Size, age, and species composition of commercial eel catches from South
Island market sampling, 1997-98.
NIWA Technical Report 51. 51 p.

This report presents the results of the third consecutive year of market sampling of commercial freshwater
eel (shortfinned, Anguilla australis; longfinned, A. dieffenbachii) landings from throughout the South
Island, New Zealand: 104 landings from 11 catchments and 31 strata were sampled and length and weight
were recorded for 7869 longfins and 3052 shortfins. The most intensively sampled areas included Te
Waihora, and the Mataura, Clutha, and Oreti Rivers. Longfins were the predominant species in all strata
except Te Waihora, Lake Brunner, and Waipori Lakes, the proportion usually increasing with distance
inland. Longfins were present in 28 and shortfins in 25 of the 31 strata. Length frequency distributions of
longfins were generally unimodal with few large eels: shortfin distributions contained a greater proportion
of large eels. Overall mean strata length and weight were 55.8 cm and 526 g for longfins and 64.1 cm and
648.7 g for shortfins. Mean size was significantly larger for longfins from less accessible lightly fished
areas where females predominated.

Mean age, mean annual weight, and mean annual length increments were determined for eels in two
weight categories (220-260 g, 450-550 g). Strata mean ages for longfins in these categories were 20.5 y
and 24.5 y respectively, and for shortfins 15.6 y and 17.8 y respectively. The corresponding strata mean
annual length and weight increments in these weight categories were 21.7 and 21.8 mm and 12.7 and 16.2
g for longfins, and 28.6 and 34.4 mm and 16.9 and 30.2 g for shortfins. The methods of determining mean
age and mean annual weight and length increments from eels within restricted weight categories has been
shown to be both cost effective and practical for comparing growth between areas.

The mean strata proportions 35.0, 35.8, and 29.2% of longfins were categorised as immature or unable to
determine, male or female; and shortfins 0.1, 4.3, and 95.6% respectively. They indicate that the shortfin
fishery, with the exception of Te Waihora, is almost exclusively based on females and the longfin fishery is
based mainly on males (ratio of actual numbers of longfin males to females landed was 2.3:1).

Gonad staging indicated that gonad development was related to weight and length and that at maturity, just
before migration, longfin males were on average 65 cm, 700 g, and about 23 y; longfin females were 94
cm, 2500 g and 35 y; shortfin males were about 40 cm, under 131 g, and 12-21 y; shortfin females were
82.5cm, 1100 g, and 30 y.

Introduction

This report presents the results of the third consecutive year of catch sampling of commercial
freshwater eel (shortfinned, Anguilla australis; longfinned, A. dieffenbachii) landings from
throughout the South Island, New Zealand.

The commercial freshwater eel fishery in New Zealand began in the mid 1960s and has been
managed largely on the basis of restrictions on permits. Landings peaked in the mid 1970s with the
maximum landing of 2434 t recorded in 1975. Landings in recent years averaged about 1400 t
(Annala et al. 1998) with an export value in 1996 of $9.5 million. Stock assessment has been limited
to interpretation of annual catch data, and the sustainability of the fishery under current levels of
harvest is unknown. The general consensus of the eel industry is that the fishery is showing signs of
serial depletion in many areas, with fishers exploiting remote and previously unfished areas.
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Additionally, despite the absence of quantitative analyses of CPUE, indications are that increasing
effort is required to sustain current catch levels. Coupled with this is the widely held view that the
size of eels available to both commercial and traditional fishers is steadily declining. As part of the
Ministry of Fisheries contract in 1995-96 NIWA examined processors’ historical records of eel size
grades to address the issue of declining size and changes in species composition (Beentjes & Chisnall
1997). The most comprehensive data sets indicated a clear and progressive trend of declining size
from the 1970s through to the present, particularly for longfinned eels. North Island data indicated a
decline in the proportion of longfinned eels processed over time, but there was no such indication for
the South Island.

Freshwater eels have a high priority for introduction into the Quota Management System and the
limited stock assessment information presents problems in determining sustainable harvest levels.
Given that processors’ historical data indicate a decline in size over time, it is important to monitor
size and species composition, together with age and growth of the commercially fished eels within
priority catchments. Providing stock assessment advice on a catchment basis is desirable in terms of
the independence of stocks and the proposed future management. Growth is a key parameter required
for stock assessment in each catchment because it is extremely variable and is highly dependent on
factors such as water temperature, food supply, and density (Horn 1996). Ideally, growth should be
determined for each catchment (fishery) to provide an index of productivity and to allow changes in
growth over time to be monitored.

A pilot programme to monitor the size and species composition of commercial eel stocks within the
catchments was implemented in the 1995-96 fishing year in both the South and North Islands. The
main goal was to initiate a time-series database on size and species composition and to develop a
sampling methodology that could be applied in future years. To determine priority areas, the
contribution to eel landings by key areas was determined through a landing survey questionnaire sent
to all commercial eel fishers in 1995-96 (Beentjes & Chisnall 1997).

The 1995-96 pilot and 1996-97 programmes sampled 125 and 102 commercial landings respectively,
from throughout the South Island. The experience gained from the pilot catch sampling programme in
methods used, stratification, and developing relationships with processors and participating fishers
was used in the design and operation of the 1996-97 and 1997-98 programmes. Preliminary results
of objective 1 to develop an optimal sampling design for the programme were also implemented
where possible in 1997-98.

This research was carried out by NIWA under contract to the Ministry of Fisheries as part of
Monitoring of eel fisheries (MFish Project No. EEL9701). The programme objective is to assess and
monitor commercial eel fisheries and the 1997-98 objective covered in this report was objective 3:
“To monitor the species composition, size structure, and age at the minimum legal size and well
above minimum legal size of priority commercial eel fisheries by sampling from 100 landings at the
major eel processing shed in the South Island.’



Methods

The 1997-98 South Island catch sampling programme, like those of 1995-96 and 1996-97, was
based at Mossburn Enterprises Ltd (Invercargill). The sampling strategy was similar to that used in
previous years and was aimed at providing data on eel species, size (length and weight), age, and sex
by individual catchment or sub-catchment, some of which were broken into area strata.

Areas sampled and stratification

Selecting which catchments and the number of landings to sample was based on: the 1995-96 landing
survey questionnaire results (Beentjes & Chisnall 1997); a need to sample a wide geographical area
within the South Island covering habitats representative of both species; availability of cooperative
eel fishers who fish from these selected catchments and land into Mossburn Enterprises; the contract
requirement to sample 100 landings; preliminary results of the optimal sampling design analysis
(objective 1).

Preliminary results on optimal sampling (objective 1) tended to support the practice of dividing
catchments into strata. Selected catchments and tributaries were divided into up to four strata based on
fishing practices, physical features (e.g., lakes, falls, confluences, weirs, dams, bridges) and information
on species and size distribution (Figures 1, 2, Table 1). Stratum boundaries are unchanged from those in
1995-96 and 1996-97 (Beentjes & Chisnall 1997, 1998). Participating fishers were provided with
definitions of the boundaries of all strata, Allflex cattle ear tags inscribed with the fisher’s name,
catchment, and stratum number, and written instructions with details of sampling requirements. Fishers
were instructed to keep all eels caught within defined strata separate, and to label these eel samples with
cattle ear tags. Eels were delivered by the fisher in holding bags live to the factory at Mossburn
Enterprises Ltd, or picked up by the processor’s truck which has six aerated tanks; the latter eels were
often transported free-swimming. Tags were either tied directly to holding bags or were attached to a
float for free-swimming catches in the truck.

Sampling procedure

At the factory, total landed weight (species unsorted) was recorded and a sample taken by randomly
selecting several of the holding bags, or by dip netting 100-200 free-swimming eels from the tanker
truck. For smaller landings the entire catch was sampled. Eels were deslimed before being processed,
with a resultant weight loss estimated at about 3%. Species, length, weight, sex, and maturity were
recorded for all eels in the sample. The sample usually contained both species and these were sorted
as the sample was analysed. The proportion of each species by weight in the total landed weight was
calculated from the proportion by weight of that species in the sample. A record was kept of any eels
over 4 kg which were released by fishers: maximum legal size in the South Island is 4 kg (The
Fisheries (Commercial Fishing) Regulations, 1986)

Otolith collection and preparation

In 1995-96 and 1996-97, otoliths were collected over the entire size range of eels from each area and
this resulted in the collection of up to 150 otoliths per stratum. In 1997-98 the contract objective was
to determine age at Minimum Legal Size (MLS, 220 g ) and well above MLS. As a first step the
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optimal number of otoliths to sample was determined from the 1996-97 ageing data. A nominal target
standard error of under 0.9 was set. The results indicated that a sample of 20 otoliths per size class
would satisfy this requirement with a margin of error required for broken and unreadable otoliths.
Work on determining the optimum design for catch sampling eels (Francis 1999) indicated that
sampling of otoliths should also be spread over as many landings as possible since between landing
variance of age was greater than within landing variance of age. Data from 1995-96 and 1996-97
were examined to determine the size range that would be required to achieve a sample size of 20
otoliths from a minimum of three landings per size. The results indicated that the weight categories
should be set at 200240 g and 450-550 g. A South Island industry decision to increase escape tube
size from 28 mm to 31 mm in the 1997-98 season meant that the smaller weight category based on
ML.S had to be increased slightly to 220-260 g.

No attempt was made to determine growth for males and females separately, and the target of 20
otoliths came from one or both sexes. Generally, otoliths were collected from eels in one stratum per
catchment where these were mainstem rivers. This was usually stratum 1 (coastal strata), which often
yielded the most landings and both species were often better represented. Otoliths were prepared
using the crack-and-burn method (Hu & Todd 1981). Otolith halves were mounted in silicone rubber
sealant on microscope slides and observed at X10-50 magnification under a stereo-microscope using
transmitted light. Hyaline zones or winter rings were counted and age was expressed as years spent in
fresh water, ignoring the central area of oceanic larval growth (Jellyman 1979).

Sex

The sex of eels is difficult to determine externally and often internally, and generally studies have not
distinguished between the sexes. Microscopic analysis of gonad tissue in 1995-96 confirmed that
assignment of male or female from macroscopic observations was possible. In 199697, eels were
categorised into four categories: unsexed, immature or unable to determine, male, and female.
Gonads were staged as 1 to 4 including the category of immature or unable to determine which
showed signs of development but could not be categorised as either male or female (see Appendix 1).

Length-weight relationship and condition index

The length-weight relationship for each species for each stratum (area) was determined from In W =
b (In L) + In (a), where W is weight (g) and L is length (cm). Weight was calculated by setting length
equal to 45 cm to provide an index of condition for each stratum. (45 cm approximates length at MLS
(220 g) for longfinned eels). No adjustment was made for the estimated 3% weight loss resulting
from the desliming process.

Age and annual growth increments

The mean age within each of the two weight categories (220-260 g and 450-550 g) was calculated
and these were termed A, and Asg respectively. Data from 1995-96 and 1996-97 catch sampling
were used to supplement data where sample size was small. Additionally, Ay, and Asy were
determined for catchments sampled in previous years, but not sampled in 1997-98, by sub-sampling
the ageing datasets and selecting ages of eels within the specified weight categories.



Mean annual length and weight increments were derived by dividing the length (minus 50 mm; size at
recruitment into fresh water) or weight by age and calculating the mean. Length and weight
increments were determined for each weight category. Data from 1995-96 and 1996-97 vears catch
sampling were also used as described above.

Calculation of overall means

Overall means for variables such as length and weight were expressed in two ways: the first was the
mean of the individual means for each stratum (where N is strata) and is termed strata mean; the
second is the all eels mean calculated without regard to stratification (where N is the total number of
eels). These overall means are not always equal due to the weighting effect that sample size can have
on the all eels mean, i.e., strata that were intensively sampled have a disproportionate effect on, for
example, the mean length, whereas when calculating strata mean, small or large sample sizes have
equal weighting. A/l eels means are shown only in tables and are not referred to in the results.

Results

Landings

Between 24 November 1997 and 5 March 1998 104 landings were sampled from 11 catchments (see
Table 1). Subdivision of these catchments resulted in 31 strata being sampled. Eighteen fishers
participated in the programme by providing landing details and/or ensuring that the integrity of
catches from designated strata was maintained. The number of landings sampled per stratum varied
greatly and was dependent on participating fishers. The most intensively sampled catchments were Te
Waihora (Lake Ellesmere), and the Mataura, Clutha, and Oreti Rivers (50 landings). Landed weights
of longfins and shortfins totalled 11.2 and 15.5 t respectively, and the overall proportion of the landed
weights sampled (sum of sample weights/sum of landed weights per species) was 31.6% for longfins
and 8.6% for shortfins. The overall ratio of longfinned to shortfinned eel landed weights was 4:1,
(excluding Te Waihora) and about 0.7:1 (including Te Waihora). Length and weight were recorded
from 7869 longfins and 3052 shortfins (see Table 1) and the mean number of fish sampled per
landing for longfins was 87 (N = 90, range = 2-190, s.e. = 4.12) and for shortfins 37 (N = 82, range,
1-152, s.e., 5.13). Otoliths were extracted, prepared and read for 482 longfin and 206 shortfin eels.

Longfins were the predominant species in all strata except those in Te Waihora, Lake Brunner (Grey
River, stratum 2), and Waipori Lakes (Taieri River, stratum 3). The proportion of longfins exceeded
84% in all strata except stratum 2 of Waitaki River where it was 74.1%. The proportion of longfins
tended to be higher in inland strata, and was frequently 100% (see Table 1). Longfins were present in
28 and shortfins in 25 of the 31 strata. Longfinned eels were absent only from Te Waihora strata 1, 3,
and 4 with only six longfins caught in stratum 2. Shortfinned eels were absent from inland strata of
the Waiau, Oreti, Mataura, Taieri, and Grey Rivers, and from Lake Wakatipu.

Length frequency distributions

Length frequency distributions of longfins are given by stratum in Figures 3—18. Mean lengths,
standard errors, and ranges are given by stratum in Table 2. The strata mean length (28 strata) was
55.8 cm.
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From the classification of length frequency distributions for 1996-97 (Beentjes & Chisnall 1998),
longfins generally fell into one of three types.

Type 1: Strongly unimodal with mode between 40 and 60 cm centred around 50 cm, with few
medium sized or large eels: includes fish from Waiau (strata 1, 2), Aparima, Oreti, Mataura,
and Clutha Rivers, Waipori Lakes, and Lake Brunner.

Type 2: An underlying mode of similar size to above is clearly evident, but is skewed to the right
with a good representation of medium size eels between 60 and 70 cm: includes fish from
Waiau (stratum 3), Makarewa River, Waituna Creek, Mokoreta, Pomahaka, and Waitaki
Rivers. Distributions from Waimakariri were similar but with a larger mode centred around
54 cm.

Type 3: No clear modes evident and good representation from all size ranges between 40 and
90 cm: includes fish from Waikaka Stream, upper Taieri River (stratum 4), Lake Wakatipu,
and upper Grey River (stratum 3).

Length frequency distributions of shortfins are given by stratum in Figures 19-34. Mean lengths,
standard errors, and ranges are given by stratum in Table 3. The strata mean length (25 strata) was
64.1 cm.

The mean length of shortfinned eels was generally greater than that of longfinned eels (Tables 2 and
3) and there was considerably more variability in mean length of shortfinned eels both within and
between catchments. Shortfin sample size was small for most strata because of the low proportion of
shortfin in landings, with the exception of lower Mataura River (stratum 1) and Waipori Lakes
(Taieri River, stratum 3), Lake Brunner (Grey River, stratum 1), and Te Waihora where over 100 eels
were sampled. Length frequency distributions of shortfins from these four areas do not have the
pronounced unimodal shape of longfins, although modes are apparent between 47 and 63 cm (centred
at about 56 cm), and are strongly skewed to the right with all sizes up to about 100 cm represented
(Figures 24, 29, 30, and 32 respectively). The distribution of shortfins in stratum 2 of Te Waihora
(Kaitorete Spit to Kaituna Lagoon) is similar in shape, but these eels were slightly smaller with the
mode centred around 51 cm (Figure 32). The distribution of shortfins caught inside stratum 4
(Concession Area where undersize eels are legally harvested during the shortfin male migration
period) is strongly unimodal between 33 and 44 cm (centred at 40 cm); these are migrating males
(Figure 32). Because so few shortfinned eels were landed from other areas length frequency
distributions cannot be interpreted, but lengths fell within the ranges of the areas described above.

Weight and condition

Mean weight, regression coefficients, and condition indices are given by stratum for longfinned and
shortfinned eels (see Tables 2 & 3 respectively). The longfin strata mean weight (28 strata) was 526 g
and the shortfin strata mean weight (25 strata) was 648 g.

Longfinned eels with the lowest mean weight (where N was over 100) were from lower Aparima
River (stratum 1) and the highest mean weight was from Lake Wakatipu (see Table 2). The lowest
and highest shortfinned eel mean weights (excluding the Te Waihora Concession Area and/or where
N was under 100) were from Lake Brunner and Waikaka Stream, respectively (see Table 3).
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The longfin strata mean condition index was 234 g (28 strata) and the shortfin strata mean condition
index was 201 g (25 strata). Longfins with the best condition indices were from inland Waiau River
(stratum 3) (244 g) and the poorest were from Lake Wakatipu (197 g). Shortfins with the best
condition index were from coastal Waiau River (stratum 1) and Waikaka Steam (238 g for both areas)
and the poorest from Te Waihora (stratum 1, 177 g).

Sex and maturity

Of the 7869 longfins sampled, 98.4% were classified into one of three categories: immature or could
not be determined, male, and female. Those that were unclassified were destined for live export and
were invariably the larger females. The strata mean proportions of longfins that were categorised as
immature or could not be determined, male, or female were 35.0%, 35.8%, and 29.2%, respectively
(Table 4). Longfins fell predominantly within the size range 43—65 cm with modes between 52 and
56 cm (Figures 3—17). Female longfins, however, were generally scattered over a larger size range,
from about 47 to 97 cm, with no clear modes. The largest eels, although unclassified, were
undoubtedly females, which would extend the female upper size range to 110 cm. Eels over 4 kg
(equivalent to about 115 cm) must be released by regulation in the South Island, so they were not
sampled. The incidence of the category ‘immature or could not be determined’ declines at about the
same size that females appear in any number and it is likely that most of these eels will develop into
females with immature eels less than 45 cm developing into either male or female.

Although the strata mean proportion of longfin males was 35.8%, some areas had very few males:
these include Waikaka Stream (1.1% male, 95.5% female), Lake Wakatipu (0% male, 88.6% female),
and upper Grey River (stratum 3; 2.4% male, 89.4% female) (see Table 4). The longfin eels from
these areas were substantially longer than those from other strata, reflecting the predominance of
larger females (see Table 2).

As longfinned eels grow in length, gonads mature and change from immature, where the sex cannot
be determined, through to the mature stage 4 condition (Table 5). The sex of longfins was clearly
distinguishable at mean lengths of about 58 cm for females and 50 cm for males. The stage 4 gonad
condition was usually found in both males and females that exhibit morphological signs of migrating,
such as enlarged eyes and the shovel-shaped head (Todd 1974, 1980). For South Island longfinned
males, the mean length of 64.6 cm at stage 4 corresponds to length at migration. The equivalent
length for migrating females is likely to be slightly larger than the mean length of 86.7 cm recorded
for stage 4 females because the largest eels were either not sexed, due to processors’ requirements to
live export large eels, and/or eels over 4 kg were not landed.

Of the 3052 shortfins sampled, only 2 were not sexed. The remaining eels were classified into three
categories: immature or unable to determine, male, and female. The strata mean proportions of
shortfins in these categories were 0.1%, 4.3%, and 95.6% respectively (see Table 4). Males landed
from the Te Waihora Concession Area accounted for 91.7% (N = 603) of all males: the remaining 54
eels came from Te Waihora, and the Mataura, Taieri, and Grey Rivers. There were few immature
shortfin males, indicating that shortfin differentiation is occurring at a smaller size than the smallest
shortfin males sampled.

Unlike longfins, shortfinned males showed no relationship between gonad maturity and mean length
(see Table 5). The bulk of the shortfinned males were sampled from the Te Waihora Concession Area
where the predominant gonad stage was 3 and all showed morphological signs of migrating described
above. Shortfinned males do not grow large and the results on maturity indicate that they migrate
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from Te Waihora at a mean length of about 40 cm. Some grading by fishers may occur, so there are
probably smaller migrating males in the population than were sampled. Female shortfin eels grow
much larger than males and show a clear relationship between gonad maturity and mean length (see
Table 5). Length at migration approximates mean length of stage 4 females (82.2 cm) since there
were no reports of fishers returning shortfins weighing over 4 kg and only one shortfin (131 cm) was
exported live and not sexed.

Age and growth

Data from 1995-96, 1996-97, and mainly 1997-98 were used to determine longfin mean age and
weight within the lower (220-260 g) and upper (450-550 g) weight categories for 19 catchments (not
the same 19 catchments in each size range), mostly from coastal strata where these were rivers (Table
6). For the lower weight category 259 otoliths were aged from 42 landings, mean ages (Ay4) ranged
from 14.8 y (Waituna Creek) to 30.7 y (Buller River), and the strata mean was 20.5 y. Mean weight
ranged from 237.9 to 253.3 g and strata mean weight was 243.5 g. For the upper weight category 283
otoliths were aged from 46 landings, mean ages (Asy) ranged from 16.9 y (Waitaki River) to 34.8 y
(Buller River), and the strata mean was 24.5 y. Mean weight ranged from 478.9 to 540.0 g and strata
mean weight was 495 g.

Mean annual length and weight increments for longfins in the two weight categories are given in
Table 6. Mean annual length increments ranged from 13.6 mm (Buller River) to 27.9 mm (Waituna
Creek) for the lower weight category with a strata mean length increment of 21.7 mm and from
16.2 mm (Buller River) to 31.9 mm (Waitaki River) for the upper weight category with a strata mean
length increment of 21.8 mm. Mean annual weight increments ranged from 8.3 g (Buller River) to
16.6 g (Waituna River) for the lower weight category with a strata mean increment of 12.7 g and
mean annual weight increments ranged from 16.2 g (Buller River) to 31.9 g (Waitaki River) for the
upper weight category with a strata mean increment of 23.1 g. There was little difference in annual
length increments between the two weight categories but annual weight increments have generally
increased markedly.

Similarly for shortfins, data from 1995-96, 199697, and mainly 1997-98 were used to determine
shortfin mean age and weight within the lower weight category (220-260 g) for 11 catchments, and
the upper weight category (450-550 g) for 14 catchments, mostly from coastal strata where these
were rivers (Table 7). For the lower weight category 94 otoliths were aged from 31 landings, mean
ages (Aas) ranged from 10.5 y (Waitaki River) to 20.8 y (Grey River), and the strata mean was
15.6 y. Mean strata weight ranged from 229.2 to 260 g with a strata mean weight of 244.9 g. For the
upper weight category 186 otoliths were aged from 85 landings, mean ages (Asg) ranged from 14.0 y
(Oreti and Pomahaka Rivers) to 25.3 y (Grey River), and the strata mean was 17.8 y. Mean weight
ranged from 471.7 to 535.0 g with a strata mean weight of 493 g.

Mean annual length and weight increments for shortfins in the two weight categories are given in
Table 7. Mean annual length increments ranged from 19.5 mm (Waiau River) to 46.3 mm (Waitaki
River) for the lower weight category with a strata mean length increment of 28.6 mm, and from 22.7
mm (Hurunui River) to 50.9 mm (Makarewa River) for the upper weight category with a strata mean
length increment of 34.4 mm. Mean annual weight increments ranged from 11.4 g (Waiau River) to
24.2 g (Waitaki River) for the lower weight category with a strata mean increment of 16.9 g and mean
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annual weight increments ranged from 19.7 g (Hurunui River) to 37.4 g (Pomahaka River) for the
upper weight category with a strata mean increment of 30.2 g There was a slight increase in annual
length increments between the two weight categories but annual weight increments have generally
increased markedly.

Discussion

Landings

Catch sampling in the South Island was based at Mossburn Enterprises Ltd, Invercargill, where about
65% of all eels landed in the South Island are processed. As in 1995-96 and 1996-97, a high level of
cooperation was provided, ensuring that our areal stratification methodology was effective. The total
weight of landings sampled in 1997-98 was 4.8% of the average annual South Island commercial
landings (Annala ef al. 1998). Landings sampled in 1997-98 included three new areas: Makarewa
River, a tributary of the Oreti River; Waikaka Stream, a tributary of the Mataura River; and Waituna
Creek, a small catchment in Southland. The inclusion of these areas, together with other tributaries
such as the Mokoreta and Pomahaka Rivers, extends the sampling programme to include less heavily
fished areas which tend to be less accessible. Larger eels are generally better represented in these
areas (see Figure 10) and their inclusion helps to provide a broader view of length distributions and
population structure than had sampling been confined to the easily accessed mainstem rivers, the
source of most landings. While some catchments from the west coast, Canterbury, Marlborough, and
Nelson have been sampled in the last three years (see Beentjes & Chisnall 1997, 1998), most landings
are from Otago, Southland, and Te Waihora. The last three areas contribute around 70% of the South
Island landings (Jellyman 1994).

Escape tubes

This programme samples only commercially sized or fishery recruited eels. The national MLS of
220 g (excluding Te Waihora) influences the size distribution of eels landed. Catches are seldom
effectively manually graded before arriving at the processors. Fishers rely on escape tubes deployed
in fyke nets to allow escapement of eels under 220 g. In 1995-96, the minimum legal escape tube
diameter was 25 mm, although a code of practice in the South Island encouraged fishers to use
28 mm: this was increased voluntarily to 31 mm in 1997-98. The results from this study indicate that
the 31 mm escape tube diameter is effective since only 1.9% and 0.16% (excluding Te Waihora) of
longfin and shortfin eels, respectively, weighed less than the MLS of 220 g. In 199697, 5% and
0.36% (excluding Te Waihora) of longfin eels and shortfins respectively, weighed less than the MLS
of 220 g, indicating that the increase in escape tube diameter from 28 to 31 mm may have contributed
to the reduction in numbers of undersized eels landed. Shortfin eels tend to be thinner and weigh less
than longfins for a given length, and recruit to the fishery at about 46—47 cm compared to longfins
which recruit at around 45 cm.

Species composition

Longfins were again the predominant commercial species sampled at Mossburn Enterprises, except
for landings from Te Waihora, Lake Brunner, (Grey River), and Waipori Lakes which are known
shortfin fisheries. Consistent with 1995-96 and 1996-97, proportions of shortfins tended to decline
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from coastal to inland strata and sometimes were absent, reflecting habitat preference. Species
composition can vary considerably between landings, due in part to the fishing practices of each
fisher and the number of landings they contribute to the programme. For example, the proportion of
longfins in the lower Mataura River was 83.5% in 1995-96 compared with only 68.1% in 1996-97.
One fisher, who tends to target shortfins, contributed few landings in 1995-96 but a significant
number in 1996-97 and accordingly the proportion of shortfinned eels from Mataura stratum 1 had
increased in 1996-97. In 1997-98 the same fisher contributed only one landing from this stratum and
the proportion of longfins was similar to that of 1995-96 (84%). Thus, the apparent annual
fluctuations in the proportion of each species from the same area may sometimes be an artefact of
sampling.

Size

South Island Iength frequency distributions and mean lengths for both species were similar to those in
1995-96 and 199697 (see Beentjes & Chisnall 1997, 1998). Most longfin distributions are
characteristic of exploited fish populations with relatively few large eels. The bulk of the longfin
fishery is based on eels between 45 and 60 cm (220-560 g). This is especially evident in the
mainstems of southern rivers where length distributions are strongly unimodal with mean lengths
around 50 cm. In marked contrast longfin length frequency distributions from less accessible areas
which are seldom fished, such as Waikaka Stream, Taieri Gorge, upper Grey River, and Lake
Wakatipu, consisted mostly of large females.

Shortfins were, on average, larger than longfins, their length frequency distributions tended not to be
unimodal, and catches were more evenly spread over a wider size range. This indicates that fishing
pressure has not affected the size structure of shortfin eel populations to the same extent as longfins.

A maximum size limit of 4 kg was introduced in the 1995-96 fishing year for the South Island to
protect female longfins. Fishers participating in the catch sampling programme estimated that, from
the sampled landings, 114 eels over 4 kg (2 of which were estimated to weigh 10 kg) were caught and
released (77 in 1995-96, 116 in 1996-97). The inclusion of these large eels in landings would not
have affected the length frequency and age distributions to any extent.

Sex and maturity

The longfin commercial fishery is dominated by males which are caught 2.3 times as often as
females, possibly because females, with their greater longevity, are more vulnerable to fishing. There
is also a general decline in the proportion of males from the coast to inland strata, although unlike the
American eel, Anguilla rostrata (Helfman et al. 1987), males were not confined to coastal and
estuarine areas. The predominance of females from the upper Waikaka Stream, upper Grey River, and
Taieri Gorge may indicate that tributaries and inland areas are the preferred habitat for large females
which tend to displace the smaller males.

No longfin males were found in the landing from Lake Wakatipu, where recruitment has been limited
since the building of Roxburgh Dam in 1958. Similarly, no males were found in Lake Wakatipu in
1995 (see Beentjes et al. 1997), but analysis of age indicated that some recruitment occurred after the
dam was built. Given the size range of longfinned eels in Lake Wakatipu we would expect to find
some males. The total absence of males may support the conclusion that sex determination is
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dependent on the environment, and eel populations of low density tend to be largely female while
dense populations tend to be predominantly male (see Tesch 1977 for review).

Migratory gonad conditions, often associated with morphological changes in migrating eels, indicated
that migration in longfins usually takes place at a mean size of about 87 cm (94 ¢cm in 1996-97) and
1.8 kg for females and at 65 cm (65 cm in 1996-97) and 0.7 kg in males, but will vary depending on
the fishery. Although these sexed fish were not assigned ages, from the age at length regression plots
from 1996-97 (Beentjes & Chisnall 1998), the age of migrating longfins from the lower Mataura
River would be about 35 years for females and 23 years for males. These estimates agree well with
size and age at migration estimates by Jellyman & Todd (1982), although the female data are slightly
biased toward the small size since longfins over 4 kg were returned to the water and not sampled.
Additionally, in contrast to 199697, some large females were not sexed due to live export
requirements and this may account for the apparent difference of 7 cm in length at migration between
years.

In contrast to the male dominated longfin fishery, the commercial fishery for shortfins is based almost
entirely on females as males migrate at a size below the national MLS (220 g). Some males are still
landed from Te Waihora, where the MLS in 1997-98 was 180 g, whereas landings from the
Concession Area, where no size limit applies, are almost entirely males. The latter were
predominantly migratory males as they displayed clear morphological characteristics of migrating
eels and had gonads that were maturing. The mean length and weight were also similar to those of Te
Waihora migrating eels recorded in 1993-95 (Jellyman et al. 1995). Shortfin gonads differentiate at a
smaller size than those of longfins and were distinguishable as female at a mean of 49 cm and male at
less than 42 cm, but these males are not vulnerable to fishing except in the Te Waihora Concession
Area. The gonad development conditions indicate that female shortfins migrate at a mean length of
about 82.2 cm (82.5 cm in 1996-97) and 1.1 kg, and males at 41.7 cm (40.8 cm in 1996-97) and
131 g. Comparable age for females of this length from the Mataura River would be 30 years
(Beentjes & Chisnall 1998). The shortfinned migratory males from Te Waihora were aged between
12 and 21 years in 1996-97. These estimates also agree with those of Jellyman & Todd (1982).

Age and growth

Because growth is highly variable between, and even within, catchments (see Beentjes and Chisnall
1998, Francis 1999) ageing was generally confined to the coastal strata of the main rivers with the
rationale that ages from these strata should be used as relative indices of growth. Overlaps in the
ranges of mean age between the two weight categories are consistent with high variability in age at
length or weight. The 1997-98 age data were supplemented with ages from previous years when
sample sizes were less than the target sample size of 20. Shortfin eel sample sizes, and particularly
the lower weight category, were often less than 20.

From the regression model of age on weight using 1995-96 and 199697 data, the mean time to reach
MLS (220 g) was 17.5 years for longfins and 12.8 years for shortfins (see Beentjes & Chisnall 1998).
Because of the increase in escape tube diameter used in 1997-98 the target mean weight of the
smaller weight category was increased to 240 g, resulting in mean weights of 243 g for longfin and
245 g for shortfin. The mean time to reach this weight was 20.5 y for longfins and 15.6 y for
shortfins; the difference is longer than might be predicted to grow an additional 25 g but may be
ascribed to the different statistical techniques used to determine age at a given size. The overall mean
time to reach 500 g was 24.5 y for longfins and 17.8 y for shortfins, or about 4.5 years for longfins to
grow from 240 to 500 g and just over 2 years for shortfins.
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Regression slopes and annual length or weight increments are generally too variable for meaningful
comparison and the influence of size on the latter prohibits valid comparisons of productivity
between catchments. By restricting the sampling to defined weight categories, annual growth
increments between different areas are directly comparable in the same way as mean ages within
these categories. Annual length increments were similar for both weight categories (220-260 g, 450—
550 g) whereas annual weight increments increased between the small and large weight categories.
This reflects the growth characteristic of eels in which the relationship between age and length is
often linear but weight increases exponentially in relation to length.

The methods of determining mean age, mean annual weight and length increments from eels within
defined size categories have been shown to be both cost effective and practical in terms of comparing
growth between areas.
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Table 4: Percentage of longfinned and shortfinned eels in each stratum that were male (M), female (F),
or immature or unable to determine (I). —, no data

Longfinned eels Shortfinned eels
Catchment Stratum M F I Total M F I Total
Waiau River 1 478 11.6 40.6 249 0.0 1000 0.0 11
2 50.9 15.0 342 234 0.0 1000 0.0 14
3 43.8 30.8 254 240 - - - 0
Aparima River 1 55.3 4.8 399 479 0.0 1000 0.0 31
2 52.0 4.3 43.7 492 0.0  100.0 0.0 9
Oreti River 1 49.1 18.2 32.7 566 00 1000 0.0 54
50.0 22 47.8 184 0.0 100.0 0.0 1
3 47.8 5.4 46.8 278 - - - 0
Makarewa River 1 41.6 19.5 38.9 488 00 1000 0.0 16
Waituna Creek 1 9.6 18.1 72.3 83 0.0 1000 0.0 5
Mataura River 1 52.6 2.4 45.0 878 1.7 98.3 0.0 117
2 39.6 313 29.2 96 - - - 0
Mokoreta River 1 42.1 17.8 40.1 636 0.0 100.0 0.0 36
Waikaka Stream 1 1.1 95.5 3.4 89 0.0 1000 0.0 3
Clutha River 1 49.6 9.5 40.9 570 0.0  100.0 0.0 33
2 49.4 13.1 37.5 421 0.0 1000 0.0 53
3 30.1 15.0 54.9 113 0.0 1000 0.0 2
Pomahaka River 1 46.3 322 21.5 214 0.0 1000 0.0 46
Lake Wakatipu 1 0.0 88.6 i1.4 35 - - - 0
Taieri River 3 46.2 16.3 375 184 0.7 99.3 0.0 441
153 65.1 19.5 215 - -~ - 0
Waitaki River 1 31.8 43.2 25.0 236 0.0  100.0 0.0 25
2 40.5 382 21.4 173 0.0 100.0 0.0 66
27.3 42.7 30.0 110 0.0 100.0 0.0 5
Te Waihora 1 - - - 0 0.0 100.0 0.0 128
2 16.7 333 50.0 6 7.2 913 1.4 623
3 - - - 0 0.2 99.6 0.2 485
4 - - - 0 96.3 3.0 0.6 626
Waimakariri River l 36.7 37.8 25.6 180 0.0 1000 0.0 1
Grey River 2 27.3 153 574 209 1.4 98.6 0.0 219
3 2.4 89.4 8.2 85 - - - 0

Strata mean 35.8 29.2 35.0 4.3 95.6 0.1

All eels mean 43.8 18.8 37.5 7743 215 78.0 0.5 3050
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Lake Wakatipu

W aiau River

Aparima River

Dreti River

L2
Grey River ;

Waimakarin River

200 km

S0 Te Waihora (see Figure 2)
J' I' i
g )
gichy S -
5 A 2._-1 ‘Waitaki River
4 L
: Taieri River
: Clutha River
Pomohaka River ? 1[|]D
Waikaka Stream

Mokoreta River

Mataura River
Waituna Creek
M akarewa River

Figure I: Catchments where commercial landings were sampled as part of the South Island catch sampling
programme in 1997-98. Strata within catchments are indicated by dotted lines and numerals (see

Table 1 for strata definitions).




Selwyn River
s Halswell River

Kaitorete Spit

Pacific Ocean

Kaituna
L.agoon

N

Figure 2: Te Waihora catchment (enlarged from Figure 1) showing strata boundaries
used in the South Island catch sampling programme in 1997-98.
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Figure 3: Length frequencies of longfinned eels from strata 1, 2, and 3 of Waiau River.
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Figure 4: Length frequencies of longfinned eels from strata 1, 2, and 3 of Oreti River.
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Figure 5: Length frequencies of longfinned eels from stratum 1 of Makarewa River.
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Figure 6: Length frequencies of longfinned eels from strata 1 and 2 of Aparima River.
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Figure 7: Length frequencies of longfinned eels from stratum 1 of Waituna Creek.
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Figure 8: Length frequencies of longfinned eels from strata 1 and 2 of Mataura River.
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Figure 9: Length frequencies of longfinned eels from stratum 1 of Mokoreta River.
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Figure 10: Length frequencies of longfinned eels from stratum 1 of Waikaka Stream.
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Figure 11: Length frequencies of longfinned eels from stratum 1 of Pomohaka River.
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Figure 12: Length frequencies of longfinned eels from strata 1, 2, and 3 of Clutha River.
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Figure 13: Length frequencies of longfinned eels from stratum 1 of Lake Wakatipu.
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Figure 14: Length frequencies of longfinned eels from strata 3 and 4 of Taieri River.
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Figure 15: Length frequencies of longfinned eels from strata 1, 2, and 3 of Waitaki River.
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Figure 16: Length frequencies of longfinned eels from stratum 1 of Waimakariri River.
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Figure 17: Length frequencies of longfinned eels from strata 2 and 3 of Grey River.
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Figure 18: Length frequencies of longfinned eels from stratum 2 of Te Waihora.
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Figure 19: Length frequencies of shortfinned eels from strata 1 and 2 of Waiau River.
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Figure 20: Length frequencies of shortfinned eels from strata 1 and 2 of Aparima River.
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Figure 21: Length frequencies of shortfinned eels from stratum 1 of Waituna Creek.
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Figure 22: Length frequencies of shortfinned eels from strata 1 and 2 of Oreti River.
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Figure 23: Length frequencies of shortfinned eels from stratum 1 of Makarewa River.
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Figure 24: Length frequencies of shortfinned eels from stratum 1 of Mataura River.
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Figure 25: Length frequencies of shortfinned eels from stratum 1 of Mokoreta River.
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Figure 26: Length frequencies of shortfinned eels from stratum 1 of Waikaka Stream. Note the
change of scale on the length axis.
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Figure 27: Length frequencies of shortfinned eels from strata 1, 2, and 3 of Clutha River.
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Figure 28: Length frequencies of shortfinned eels from stratum 1 of Pomohaka River.
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Figure 29: Length frequencies of shortfinned eels from stratum 3 of Taieri River.
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Figure 30: Length frequencies of shortfinned eels from stratum 1 of Grey River.
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Figure 31: Length frequencies of shortfinned eels from strata 1,2, and 3 of Waitaki River.
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Figure 32: Length frequencies of shortfinned eels from strata 1, 2, and 3 of Te Waihora.
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Figure 33: Length frequencies of shortfinned eels from stratum 4 of Te Waihora. Note the
change of scale on the numbers axis.
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Figure 34: Length frequencies of shortfinned eels from stratum 1 of Waimakariri River.



Appendix 1: Gonad staging descriptions for longfinned and
shortfinned eels

Both species
Immature or could not determined

These gonads can appear as a very thin, almost transparent, thread-like organ which cannot
be differentiated into male or female for either species (usually where size is under 200 g).
Commonly, gonads in this category were increasing in size with irregular segmentation but
could not be clearly distinguished as male or female and were designated as stage 1 since
gonads were of similar size to male and female stage 1. In 1996-97 eels in this category were
staged from 1 to 3 where sex was not clear but gonads were clearly increasing in size relative
to male and female staged eels (Beentjes & Chisnall 1998).

Longfins

Males

Stage 1 Regularly lobar Syrski organ developed even at very small sizes. Stage 1
organ is typically very narrow (2-3 mm), and often quite unrelated to fish
length. Typified by flesh pink coloration.

Stage 2 The lobar organ is usually slightly larger than in stage 1 (2—4 mm), but more
dense in appearance, very obviously lobar and often ranges from dark pink to
yellow.

Stage 3 As for stage 2, but further developed in size and density.

Stage 4 Very large lobed organ, up to 12 mm or more in width, always dark red and
with well developed vein network. Usually found in migrants and in longfins
up to about 1300 g.

Notes on longfinned males

Most longfins less than about 350 g will be either stage 1 males or will be indeterminate as a
result of having insufficiently lobed structure to the gonad strip. Regular lobe-type form is the
key diagnostic feature, irrespective of coloration. Sometimes gonads in stage 2-3 sizes will
appear male in density and form but will be incompletely lobed. These are assumed to be
anomalous forms and are regarded as male. Some male fish have a number of external
morphological features that assist in confirmation of sex, but must not be used as primary
method of diagnosis: russet coloration, particularly about the underbelly; very tough belly
skin in larger, more mature males; often a squared-off, or truncated looking tail; generally
appear to have smaller relative head size and fatter bodies than females of the same length.



Females
Stage 1
Stage 2
Stage 3

Stage 4

Shortfins

Males

Characterised by a thin (2-5 mm) ribbon, quite translucent and often broken
in places, but not regularly segmented or lobar.

Ribbon usually (but not necessarily) wider than stage 1 (about 4-10 mm), and
displaying creamy pigmentation.

Ribbon is wider than stage 2 (up to 20 mm) and is substantially folded or
pleated. Completely opaque, cream or white.

Very large, well developed white gonad with substantial vein network.
Slightly granular texture in many stage 4 gonads, but not necessarily
diagnostic. Usually found in migrants or near migrants.

Shortfinned males are small, and therefore the development of the gonads is less conspicuous
than in females, and most migrate before they recruit to the commercial fishery. Te Waihora
is an exception since fishers are granted a dispensation to catch subiegal males from
Ellesmere during the migration period of shortfinned males.

Stage 1

Stage 24

Females
Stage 1
Stage 2
Stage 3

Stage 4

Classic lobar organ of Syrski. Pale opaque lobes under 2 mm wide.

Dark red, very lobar organs. Whether classed as stage 2, 3, or 4 depends on
the relative size and depth of coloration. Nearly all males sampled were Te
Waihora eels in the migrant morphological condition.

Frilled ribbon 2—5 mm wide and translucent. Usually in small fish under
300g.

Frilled ribbon 4-10 mm wide and pale, creamy colour. The most common
stage in females.

Frilled ribbon up to 15 mm wide. Usually with vein network. Completely
opaque.

Larger, heavy version of stage 3. Very white, and slightly granular structure.
Usually observed only in migrants.
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