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ABSTRACT

The early freshwater life of the two species of New Zealand freshwater
iilla sustra sehmidtil Phillipps and A, dieffenbachii Gray was
studled 1nvolving an examination of 8131 glass-eels, 5275 migratory elvers,
and 4291 resident eels of less than 26 em, Most eels were collected from
the Makara Stream, Wellington by set-net, hand-net and electric fishing,

These extensive samples together with subsidiary collections from
elsewhere in New Zealand show that glass-eels of both species arrive in
fresh-water from July to December, Their otoliths indicate a marine
larval life of about 18 months but it is not possible as yet to locate
the precise oeceanic spawning areas, Migratory movements of glass-eels
are in two phases: en invasion of freshewater from the sea and an upstream
migration, The former ocours only at night with a periodicity gorresponding
to the dally ebb-flood tidal rhythms, There is a seasonal reversal in this
response which is attributable to the onset of the behavioural transition
talkidng place prior to the second migratory phase, Increased pigmentation
and changes in response to light, flowing fresh-water and schooling
tendencies characterise this latter migration which oeccurs primarily at
spring tide periods,

Such juvenile eels show specific habitat preferences and & high
degree of olfactory differentiation of water types, This behaviour,
together with pigment development and physical tolerances, was studied
in the laboratory, Measurements of invading glass-eels show that mean
length, weight and condition all decline throughout the season of arrival
but mean vertebral numbers remain constant,

An upstream migration of small esls (elvers) cceurs each summer and
is readily observed at many hydro-electric stations, These migrations,
comprising eels of mixed sizes and age groups, penetrate progressively
further upstream sach year,

In both species, scales begin formation at body lengths of
16,520 em, All features of scale formation, ineluding the number of
scale rings, are related to length with relative differences in rate of
development occurring between the speciess In contrast to scale rings,
otolith rings are annual in formation and become visible after grinding
or burning the otolith,




Growth rates established for 273 eels to 26 em in length from the
Makara Stream, Wellington, are slow, with mean amnual increments of 2,2
and 2,1 em respectively for shortfins and longfins, In contrast, shortfins
from & coastal lake near Wellington reach 26 om in their third year of
freshwater life, Length-weight relationships for small eels are given
together with mean monthly condition factors.

Growth studies on elvers held in & multiple tank unit in which
temperature, density, and amount and frequengy of feeding could be controlled,
show that young eels grow more slowly than normal under such conditions,
However, growth appears optimum at 20°C with a feeding rate of 5-7% body
weight per day, Feeding efficiency decreases with higher temperatures,

At both glass-eel and elver stages, shortfins adapt and survive better
under artificlal conditions,.




1  JNIRODUCTION

There are two species of freshwater eel in New Zealand - a shortfinned
eel growing to 90 om in length and a longfinned e8l growing to over 180 om,
The pre-anal extent of the dorsal fin is a convenient and reliable
character for separating the two species and thus gives the common nsmes
shortfin and longfin,

"The fresh-water eels are probably more abundant in New Zealand than
anywhere else in the southern hemisphers, For the Maori, they were of the
utmost economical impertance, as is evident, for instance, from the highly
developed technigue in methods and implements for the capture of these fish,
possessed by the natives prior to the arrival of the Europesns" (Schmidt
1927: 380), The Maoris recognised by name at least a hundred varieties
of eels (Hamilton 1908), These varieties were distinguished by features
of size, colour, habitat, behaviour and migretory movements but are not
of any systematic significance,

A comprehensive historical review of the nomenclature of both
species is contained in Ege (1939)+ Until 1926, four species were
recognised but an examination of 1500 eels from New Zealand by Schmidt
(1927) oconvinced him that there were only two species: A, australis
(shortfimed eel) and A, sucklandi (longfinned eel), The features he
used for separation of the two species were the pre-anal extent of the
dorsal fin and the shape of the maxillary teeth, To distinguish between
Australian and New Zealand shortfinned eels which differed slightly in
Vertebral counts, Schmidt (1928b) proposed the two "forms" be known as
A, sustralis Rich, forme gggidentalis, the Australian shortfinned esl,
and A, asustralig Rich, forma grientalis, the New Zealand shortfimned eel,

Subsequently, in a revision of the New Zealand marine and freshwater
eels, Griffin (1936) in accordance with the rules of nomenclature, used
the names Ay gustrells schmidili Phillipps and A, diefferbachii Gray
which are now well established,

The New Zealand freshwater fish fauna is generally sparse, About
35 species are currently recognised with half of these belonging to the
family Galaxiidee, That 11% of the genera but 92% of the species are
endemic to New Zealand is, according to MeDowall (1964: 59) indicative
of "a relatively young fauna and/or incomplete faunal isolation from other




regions". Of the two anguillids, the largest fishes in the fauna,

A, dieffenbachii is endemic to New Zealend and offshore islends, whereas

Ag gutrelip schmidtii has a wider distribution, This distribution,
according to Ege (1939: 218) is New Zealand, Aucklend Islands, New Celedonia,
Norfolk Island and perhaps Fiji and Tshiti,

Over recent years, eels have beceme a rapldly expanding export item,
Prior to 1965 only 15-20 tonunes, worth approximately N.Z. $2,000-$2,500,
were caught anmually, In May 1969, the Pisheries Committee of the Nationmal
Development Gonference, set a target of $1m per ammum for eel production
by 1978, This figure was surpassed in 1971 and the export value of eels
in 1972 was 51«45m, The total cateh is composed of wild eels as eel
farming ventures are still at the exploratory stage.

The fishery for wild eels is no longer a localised one centred on
processing factories, At present, several companies operate "eel-tanker"
trucks capable of transporting live eels several hundred kilemetres from
the area of capture to the factory., Increased fishing pressure is reflected
in the number of licensed factorles which process eels: 4in 1970 there
were only nine such factories but by 1972 30 were in operation,

Relatively few areas of New Zealand are geographically inaccessible
to eel fishermen, The only other areas exempt from fishing are those
where physical conditions are unsuitable, or prohibited areas such as
Maorl reserves or National Parks, At present, the only regulations relevant
to the eel fishery are those designed to protect trout and other game fish,
In the past the eradication of eels for the supposed benefit of such game
fish, has been actively encouraged by several Acolimatisation Soeieties,

The intensive fishing effort for eels has highlighted the need for
further biologlcal research to establish guidelines for the planned and
rational utilisation of this resource,

Several studles have been conducted in the past on New Zealand eels,
the most important being those of Cairms (1941, 1942) and Burnet (1952a
and b, 1955, 1968, 1969e and b). Cairns investigated the life history of
both species, including age and growth, migretion, distribution, feeding
relationships end sexus) development, Recent research by Burnet has
concerned the relationships between brown trout and eels, although he has
also investigated growth rates and adult migration,



One aspect of the blology not well studied is the annual invasion
of glass-eels and their freshwater migration, An understanding of these
stages of the life history is vital to the eel industry as a whole,
especially in view of the proposed development of commercial eel farming
within New Zealand and the current international demand for glass-eels,
Acecordingly, this present study is primarily concermed with the movements
and behaviour of glass-eels and elvers. Investigations on the age and
growth of small eels together with experimental culture, have also been
undertaken,

A review of the major literature on freshwater eels, reveals some
confusion in terminology. Thus the "glass-eel" of New Zealand and Japan

is equivalent to the "elver" of Europe and America, "Elvers" in New Zealand

refers to the small adolescent eels which undergo summer migration, These
are also variously referred to as "secondary migration eels" or
"anguillettes”,

For clarity, the term "glass-eel” has been adopted to denote the
stage in the life cycle which invades fresh-water from the sea, Such eels
are typically unpigmented, but after residence in fresh-water for a few
weeks, become strongly pigmented (late stage glass-eels), With the
attainment of the full pigmentation, stage VIB of Strubberg (1913), the
Juvenile eels are referred to as elvers,

Hereafter, the term "eel" refers to a freshwater eel of the gerus
Anguilla, unless otherwise stated. For figures and tables the name
As australis schuidtii has been shortened to A, sustralis, while in the
text, the names "shortfin" and "longfin" are often used in place of the
specific names,

The following section on "Sampling Areas and Methods", simply
introduces the variety of methods used throughout this study, these methods
being discussed more fully and appropriately under the relevant sections,




The Makara Stream was chosen as the principal study area, This
stream, which lies to the west of Wellington, is small and relatively short
(see Fig, 2.1sb). However, it drains a large catchment area of 78 km> and
so is subject to perioedic rapid floods. This catehment is generally steep
dissected hill country, cleared for farming, The walley and flood plain
are both narrow and the cutlet of the stream is restricted by a gravel dar,
The extent of this ber varies according to the strength and duration of the
northwest wind which causes gravel acoumulation, Fig, 2.2 shows upstream
and dommstream views of the mouth during 2 period when the bar was
commencing formation after being recently scoured away,

The estuary is broad and shallow, with a bottom of thick black mud,
Considerable gquantities of marsh gas are generated in the mud of the lower
estuary. Upstream, a wide diversity of habitats occurs. In upper reaches
the stream is narrow and swift with a boulder-strewn bed, In such areas
there is limited cover for large fish., Downstream of this the flow 1s
less rapid, with frequent pools and riffles, Stream margins are gemerally
bare with some areas of secondary native bush or serub, Finally, the lower
3 km is an area of deposition, Flow is slow with muddy undercut banks and
abundant cover, Margins of the stream in this area are either bare or
planted in willow,

This stream was chosen for several reasons, It is close to
Wellington end accessidble by roed for much of its length, With the
exception of the estuary and some deep holes in the lower and middle
reaches, the whole stream is able to be waded and so sampled by electric
fishing, Except for the discharge from two small pig farms, the stream is
relatively unpolluted. Finally, the stream offers a diversity of habitats
and econtains populations of both speecies of eel,

Regular sampling sites are indicated in Fig, 2,1.bs These were
concentrated along the lower 2 km, where the smallest eels were found,
Monthly electric fishing samples were mainly from the vicinity of sites
'a" - ', Additional eels were taken from the Ohariu tributary, and the
main stream 1 km above the confluence with the Ohariu tributary,
Temperatures were recorded from site 'd' over a two year period, The
amual temperature regime is very similar to that given by Allen (1954¢
34) for the Horokiwi Stream - a small stream 20 km northeast of Makera,
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Pig. 2,1.2
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The Waikato distriect with localities mentioned
in the text,

The Makara Stream, Regular sampling sites are
indicated,
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The annual range was z..5°-22.o°c, with & mean summer temperature (January-
March) of 17,2°C and a mean winter temperature (July-September) of 9.4°C.

In addition to the Makara Stream, other important sampling areas
mentioned in the text were Pukepuke Lagoon, Waimeha Stream and the Waikato
River, These areas are among those shown in Fig, 3,20,

Pukepuke Lagoon is a shallow basin lake, 3,3 km inland, formed
between consolidated and unconsolidated sand dunes, It has a sandy substrate
overlain by a soft ooge, The lagoon has an area of 15 ha and a maximum
depth of 85 om, As it is a wildlife sanctuary, the lake has not been fished
by commercial eel fishermen, The eel population is composed almost entirely
of shortfins,

The Walmeha Stream is small and muddy, approximately 2,5 km long
and drains an area of coastal swamp, It has an average width of 4,5 m and
for the most part is 1 m deeps The bottom is fine silt-mud, while
additional cover is afforded by marginal aguatic plants, The stream
contains a surprisingly large variety of native fishes, including both
species of eel, although shortfins predominate,

In contrast, the Waikato River is 280 km in length and drains a
catchment of {14000 hz. The average discharge recorded at Tuakau Bridge
is approximately LOOOO cusecs, Sampling sites mentioned in sections
dealing with the migrations of glass-eels and elvers are shown in Pig,
2+1.2, In the vieinity and downstream of the "Elbow", the river edges are
bordered with large plantations of willows. Those areas, together with
vast banks of submerged water weed, provide excellent cover for eels,
especially shortfins,

Almost all glass-eel and elver samples were obtained by net, The
various glass-eel nets used in the Makara Stream are discussed later. In
addition small eels were collected from beneath stones in the estuary
at low tide with a small hand-net, Most elver samples were also collected
with hand-nets, as the eels were found crawling over exposed obstacles -
usually the lower slopes of a hydro-electric dam,

The other method of sampling used extensively, was electric fishing,
Monthly samples of juvenile eels, including many late-stage glass-eels, were
collected by this method, The machine used was the earth return equipment,
as deseribed by Burnet (1967), Limited use was made of a portable "pack-set"
unit powered by a six volt motor-cycle battery,

Electric fishing is a convenient method of fishing in nonesaline areas
where the stream is able to be waded, Although sampling efficiency is




Fig. 2.2, Mouth of the Makara Stream - view upstreanm,

The stick in the water near the right bank indicates
the normal site of glass-eel fishing.

b Mouth of the Makara Stream - view downstream,

A gravel bar is commencing to form beyond the outlet
of the stream,







greater when working downstream as parelysed eels may drift out from
cover af'ter the operator has passed, it was often found that the mud
stirred up seriously reduced the visibility, As the Makara samples
were not required to be quantitative, it was prefersble to work upstream,

Paralysed eels were secured with a handled dip-net and placed in
plastic buckets. For transport to the laboratory, the eels were placed
in large plastic bins (60 x 40 x 25 om deep), A thin film of water
covered the bottom of the bin, sufficient to keep the eels moist, Watere
cress or other available aquatic weed was placed on top of the eels to
shield them from direoct sunlight, This method of transport proved most
successful, and over a hundred small eels, to 26 em, could be kept slive
for several hours, If eels were completely covered with water, they soon
depleted the dissolved oxygen and died from asphyxiation,

Eels of all size ranges could be collected using the electric
fishing machine, Burnet (1955: 8) maintains that the method is non-
selective for size, although, unless care is taken, it can easily be
used selectively, especially if the stream is too large for the operator
to work effectively or beyond the capabilities of the equipment, The
average efficiency of fishing for a single run over one area is given by
Burnet (1952b: 119) as 43%.

0f interest are the relative proportions of both speeies of eel
recorded from the same body of water by eleetric fishing and netting,
Thus Allen (1951: 61) recorded that less then 1% of all eels netted in
the Horokiwi Stream, Wellington, were shortfins, whereas Burnet (1952b:
121) using electric fishing found 4% were shortfins, This large difference
is probably attributable to the general small size of shortfins found by
Burnet, where 70% were less than 30 om, At this sise, the eels are
eryptosolc end this behaviour, together with size, would make them very
difficult to capture by netting,




3 EARLY LIFE HISTORY

3.1 ZNIRODUCTION

Until early this century the life history of freshwater eels
remained a mystery. The sequence of discoveries which led to the solving
of this mystery is given by Bertin (1956), The first contribution of
significance to the understanding of the reproductive bioclogy was made
in 1777, when Mondini recognised and deseribed the ovaries of the female
eel, The testes were identified in 187, by Syrski,

The marine larval stage of the life history remeined unknown until
the end of last oentury. Prior to this Kaup (1856) described a small

apodal fish larva as Leptocephalus brevirostris, but it was not until
1893 that Grassi and Calandruccio showed this delicate animal to be

the larva of the European eel Anguilla anguilla L, The problem then
remained to locate the breeding area, and this was the commission of the
Danish biologist, Johamnes Schmidt, During 18 years of research, Schmidt
eollected thousands of leptocephali from the Atlantic Ogean and adjacent
seas, From these extensive colleotions he was able to establish the
distribution of various size-classes of larvae, Consideration of the
area where the smallest larvae were obtained indicated a spawning area in
the western North Atlantic. The collection of larvae of less than 1.0 em
in the vicinity of the Sargasso Sea in 1920 confirmed this to be the
breeding area of both the European and American eels,

The European and American eels are still the only freshwater eels
for which the breeding areas are known with certainty, However, it is o
reasonable assumption that all freshwater eels have a similar early life
to that established by Schmidt. Matsui (1957:165) proposed that the
breeding area of the Japanese eel, Anguilla japonica Temminck and Schlegel
1846, lay to the east of Taiwan, Specimens as small as .23 om have
recently been collected firom this area but Matsuli and Takai (197M:17)
considered this material insufficient to confirm this propesition,

Little is known of the larval life of the New Zealand freshwater
eels, Only four anguillid larvae were recorded by Jespersen (1942:13=15)
from the Dana plankton collestions in the South Pacific in 192830,
Castle (1963:19) tentatively identified two leptocephali of shortfinned

eels collected near New Caledonia as A, sustralis schmidtii. Although
individual larvae of the Australian and New Zealand shortfin subspecies



cannot be separated on myomere counts, the area of collection of these
specimens was within the known geographical renge of the New Zealand
subspecies, No larvae of A, dieffenbachii have been recorded, This
lagk of material precludes any delimiting of the breeding area by
length-frequencies of the larvae, the method employed successfully by
Schmidt, Therefore, any suggestions of possible breeding areas must
come from consideration of suitable hydrological conditions together
with mean siges and arrival times of glass-eels in fresh-water,

3.2 LADVAL LIVE

With reference to Australasian shortfinned eels, Schmddt (1928:199)
considered that the submarine ridge south of New Caledonia provided a
physical barrier between the spawning areas of Australian and New Zealand
stocks. lore recently, Castle (1963:13) placed the general breeding aree
for southwest Pacific anguillids as "well to the east of New Caledonia =
that is, between Fiji and Tahiti", The smaller of the two larvae of
A. sustralis schmid{ii recorded by Castle (1963:9) was 2,46 om and was
collected east of the New Hebrides. Based on the growth rate calculated
for larvae of the European eel by Schmidt (1922:199), this larva would be
approximetely three menths olds As considerable distance could be
covered during this period, all that can be summised from the area of
collection is that a southward movement is involved during larval migration,

The above leads to & consideration of known factors which might
indicate the locality of the breeding area, Distribution of both New
Zealand species has already been discussed, The differences imply separate
spaming areas, The validity of separation of Australian and New Zeeland
shortfinned eels into two subspecies based on vertebral counts, is discuseed
later, Further evidence for the existence of two distinet populations
comes from gonsideration of the arrival times of glass-eels, Although
the data of Sehmidt (1928b1199) and Ege (1939:211) do not indicate the
existence of any definite season for the invasion of A, sustralis sustralis
Richardson, Buckmaster (1971:2} and pers, comm,) has found that invasion
occurs from late winter to early spring. This is similar to the time
for the main invasion of glass~eels into New Zealand fresh-waters.



Cairns (1941:60) and Castle (1969:2) suggested thet larvae of
New Zealand eels may be transported by the East Austrelian Current, and
80 arrive off the west ¢cast of New Zealand from & southerly direction,
This current is strong off the east coast of Australia and must be
considered as the final agent in transportation of Australian larvae,
Hamon (1965:899,921) recorded a velocity of 130 km/month for eddies of
this current, and considered the volume transport of the current itself
to be not more than half that of the Gulf Stream,

If there is indeed a common breeding area for both subspecies
(Castle, 1972:14), the main New Zealand invasion could be expected to
take place some considerable time after the Australian as both subspecies
would presumebly use the same current system for trensport of their
larvae, Few data are available for the speed of water movements across
the Tasman Ses, but Fleming (1952:161) gives a known speed of "at least
iy miles & day, perhaps 9 miles a day"., Using the 1100 miles given by
Fleming for the trans-Tasman stream-line distance, the lesser speed
gives a period of eight months for the crossing of the Tasman by drifting
material, As previously stated no such delay occurs between glass-eel
invasions in Australia and New Zealand, The alternative, that New
Zealand larvae require a further year to cross the Tasman Sea is not
logical, considering the relative proximity of the two landmasses.

Ege (1939:1209) recorded glass-eels of A, sustrelis from New
Caledonia, at pigmentation stage VI A IT of Strubberg (1913), with a
mean length of 4.9 em, This is only O.4 em less than the mean lemgth
for Australian specimens at the same stage also recorded by Ege, from
Maroubra near Sydney, but 1,1-1,2 cm less than compareble New Zealand
eels, It would be expected that growth which would take place over the
distance of 1500 km separating Sydney and New Caledonia would exceed
Ok em, It is not surprising to find that the New Caledonian shortfin
is the New Zealand subspecies, From the above, separate spawing grounds
for Australian and New Zeeland shortfinned eels are proposed,

The time at which maturing eels move on their catadromous migration
has been recorded by a mumber of authors, Cairns (1941:68) states that Pebe
ruary to April are the main months for this migration, with the shortfin
" run finishing by early March, Hobbs (1947:1230) found migratory shortfins
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at Lake Ellesmere (Canterbury) from March to April, end longfins from
April to May., Dates from Burnet (1969a:237-238) for mid-Canterbury,
are earlier at December to ilarch for shortfins and October to February
for longfins, Todd (pers. comm,) found the peak period in the Wellington
area to be March-April, with considerable overlapping of both species,
but longfin females were last to migrate, It may be concluded that the
migratory season for adult New Zealand eels is late summer to early
autum, 2 similar season to that of the Buropean and American eels,
which are also temperate species, In contrast, it is doubtful whether
the migrations of the tropical Indo~Pasific species of Anguilla are
seagonal, as temperatures throughout the year are uniform (Bertin,
19561184) «

A similar seasonal correlation is found in the invasion times
of glass-eels into fresh-water., European and American glass-eels arrive
from late winter through spring (e.g. Schmidt 1922:203,207) with local
differences according to distance from the spewning area. Similarly,
New Zealand glass-eels of both species arrive from late winter through
spring,

Considering these similarities in seasonal migration times of
temperate eels, it would also be expected that other phases of the life
cycle would be related to seasons. As A, anguilla and A, rostrata
(Le Sueur) spamn in the spring and summer (Schmidt 1922:198) as does
A, Jeponica (Matsui 1957:163), it can be predicted that New Zealand eels
spawn over the equivalent period in the southern hemisphere i.e. November
to February, The invasion of glass-eels commences in July, with the
peak month being September, This gives a corresponding larval life of
approximately six months, or a yearly increment of this, The actual
length of larval life can be determined from examination of glass-eel
otoliths,

Slass-Eel Otoliths

Caloulation of age by examination of the otolith (sagitta) is a
widely accepted techmique in fisheries bdology, and has been used
sucoessfully in a later section of this study to age eels. Zomation in
the glags-eel otolith should reflect the length of ses~life, To determine
whether the sones in the glass-eel otolith are seasonal, a comparison
can be made between otoliths of American and European eels, As larvae
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of the Buropean ulspmdann'thnmatlnthandom“nlm,
this should be shown as extra sones in the otolith,

It was found that otoliths from larger eels, when viewed against
& black background with reflected 1ight, show transparent zones as black
areas and opague zones as white, GClass-eel otoliths show similar zemation,
Sinha and Jones (1967a:102) review knowledge of the seasonal nature of
otolith zones in various fish speeles,

Interpretation of these zones from photographs in the relevant
literature is rather unsatisfactory. Opusgynski (1965:395) records the
presence of two dark rings in the glass-eel otolith of A, anguilla, This
is in agreement with the description given by Sinha and Jones (1967a:103)
also for the European eel, However, the latter authors mention that the
outermost black ring is thin and may be incomplete or absent, In neither
study do the authors attempt to relate the otolith somation to length of
sea~life, In an age and growth study of the American eel in Newfoundland,
Gray and Andrews (1971) do not deseribe the sea-life otolith, but
accompanying photographs show similar zones to those observed in New
Zealand glass-eels,

To observe otoliths of American and Buropean glass-sels directly,

I tried to obtain samples of preserved eels, Unfortunately, no specimens
of A, rostrata were received but a sample of 21 glass-eels of A, anguilla
was kindly supplied by Dr G. R. Williamson, Inverness, Scotland., These

eels, caught on 2 April 1972 in the River Severn, were in the early stages
of pigmentation, indicating that they were recent arrivals in freshewater,

The otoliths were removed and mounted on microscope slides for
subsequent examination, 0f the 39 otoliths examined, 17 showed a definite
double white ring of suffiecient eclarity to be measured with a micrometer
eyepiece, The division between these two rings was small and in all cases
but one constituted less than 2% of the combined width of the two rings.
The presence of this double ring contrasts with otoliths from glass~eels
of both New Zealand species, which show a single white ring,

The lmown length of larval life of the European eel of two and &
half years, can be correlated with the otolith sonation, as shown in
Fig, 341.a, In the centre of the otolith, a white spot is often visible,
This probably represents the growth which occurs during the first summer
at sea, As hatehing may extend well into summer and the otolith may not
be formed until the larva is well differentiated, this spot is small or
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Photographs of glass-eel otoliths,

A, snguilla (7,1, 6.6 em, pigmentation stage VI A II 1)

A, sustralis (T.L. 6.0 om, pigmentation stage V B),
showing suggested interpretation of zonest

W = first winter

82 = second summer

I2 = winter of arrival
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absent, Matsul (19521234) considers that the otolith of A, japonica
forms when the larva is 1,26 em in length, Surrounding this spot is
a broad black ring, formed during the first winter, Outside this is
a white ring (second summer), a thin black ring (second winter), and
a broader white ring representing the third summer of larval life,
Between this last ring and the edge of the otolith is a black margin,
At this stage the glass-eel enters fresh-water. The margin then
becomes differentiated into a winter ring,

Similarly, seasons can be assigned to the otolith zonation of
New Zealand glass~eels of both species., FPigs 3.1.b shows the suggested
interpretation, Again a central summer spot is presemt, surrounded by a
blask ring (w', first winter) and a white ring (s, second summer).

The outer black szone (wz). represents the winter of arrival, Summation
of these seasons gives a larval life of one and a half years for New
Zealand glass-eels, with arrival in fresh-water during the second winter,
Both MacFarlane (1936:46) and Cairns (1941:157) assume a larval life of
two years,

As a further check on the validity of this interpretation,
measurements were made of otoliths from invading glass-eels throughout
the season of arrival, Where possible a minimum of ten eels of either
species per month were examined, Mounted otoliths were measured with a
micrometer eyepiece at x 100 magnification, Monthly measurements were
averaged and the resulting mean zone widths expressed as a percentage of
the otolith radius, Results are given in Teble 3.1, The otolith radius
is expressed in micrometer umits, such that §D units = { mm, Comparable
data for A, anguille are also given, but herefthe seo: end third summer
zones are incorporated into a single measurement un

Table 3.1 shows a2 similar seasonal trend 1n r!ow Zealand species,
A geasonal increase occurs in the width of the outer zone, the winter of
arrival, with a corresponding decrease in the inner two sones, Although
the actual sone measurements are not included in the table, the percentage
radius occupied by zones w‘ and 32 decreases proportionally, Also,
although the mean length of the specimens decreases throughout the yeer,
the otolith radius remains approximately the same, or in longfins
inereases slightly. This is due to the inoreasing width of the outer
sone, %', An inareasing percentage width of this sone is consistent with
the seasonal interpretation of the otolith '::anu.
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Table 3.1 Proportional zone widths of otoliths from New Zealand
glass~eels per month of arrival,
Compersble measurements for a sample of A, anguilla
glass~eels are also given, although the second and

third summer zones have been incorporated under '82'.

w' = 1st winter (includes the 'spot' of first summer)

82 = 2nd summer

W2 = 2nd winter (winter of arrival)




A, sustralls Qtolith meagurements
Month n loax(:‘l;nsth Reddus  w (%) 5% (%) )
July 8 6ol 6.7 65 23 12
Aug, 1 6.2 €7 6l 21 15
Sept. 18 6.2 6.8 6k 22 18
Oct. 12 6.1 6.7 6k 21 15
Nov, 1" 546 6.7 63 19 18
A, dieffenbachii
July 5 6.6 6.3 75 19 6
Aug, 11 6.7 646 72 21 7
Sept. 12 645 7ot 70 20 10
Oote 12 6.3 6.9 70 19 1
A, anguille

21 Te2 Tobs 6l 29 7
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Thus, in early season glass-eels, this outer sone represents the
second winter of larval life only, but in late arrivals it also includes
a zone of summer growth as yet undifferentiated, This is verified by
reference to otoliths from larger eels where the second winter zone of
larval 1ife is seen to be approximately the same width in all eels.
The difference in relative zone widths between shortfins and
longfins is of interest. The high value for longfins during the first
winter probably reflects a period of rapid growth during early larval
life, For convenience, all zonation up to and including the second
winter ('2) is referred to as sea-life, All subsequent gonation is consider- |
ed as taking place in fresh-water, |
It is concluded from the above cbservations that szonation in |
glass-eel otoliths is seasonal, and is consistent with a proposed larval
life of one and & half years, It remains now to delimit the spawning
area,

Transport of larvae of the European eel is considered to be a
passive migration by water currents, although late stage and metamorphosing
leptocephali ean exhibit surprising activity (Schmidt 1906:178). As
most are found at a depth of 25«50 m (Deelder 1970:3:11), the larvae
are considered pelagic. Therefore, their direction and progress of
mlgration are almost certainly those of surface currents. Similarly,
the two larvae of the New Zealand shortfin described by Castle (1963:9),
were both collected within the upper 50 m,

The following section reviews the relevant New Zealand surface

hydrologys

Hydrology
Three main surface water movements give rise to the coastal

eireulation around New Zealand, To the south is the West Wind Drift; to
the north of the North Island, the Trade Wind Drift; %o the west of both
islands, the Tasman Current. These water movements, together with local
winds, give rise to the coastal circulation (Brodie 1960:24,7), These
features together with others mentioned in the text are illustrated in
Pige 3.2. As the breeding areas for the three northern hemisphere
temperate eels are in the vieinity of the tropies, it is assumed that
both New Zealand species spawn in similar regions in the southern
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New Zealand coastal cireulation showing components
mentioned in the text.




160°E 165° 170° 175° Trade Wind Drift

e

Tropical Convergence (summer)

= 30°S

= 35°
East Auckland
West Auckland Carvént
Current
East Cape
Current
= 40°

= 50°

—__>

West Wind Drift




1%

hemisphere, Accordingly, the current systems of significance for larval
transport are those conveying subtropicel water to the coasts of New
Zealand,

Subtropical water may arrive at New Zealand from twe separate
directions: from the west via the Tasman Current, and from the north-
east via the Trade Wind Drift, As discussed below, recent research has
cast some doubt on the existence of definite currents derived from the
latter source,

The deflection of a branch of the east-west flowlng South Pacifie
Equatorial Current by the landmass of Australia, gives rise to a strong
southward movement of subtropical water along the east coast of Australia,
This Bast Australian Current, during its southward passage, sheds eddies
at the latitude of Sydney (Hamon 1961:10). These eddies flow eastward
to the north of New Zealand in the manmer given by Garner (1954:293),

In discussing this west to east movement, Garner considers that floating
material using this current as a vehicle, could reach the west coast of
the North Island without travelling around the periphery of the Tasman Sea,

The southward flow of the East Australian Current is deflected
north-eastward by the subantarctic surface water in the southern Tasmen
Seas The resulting northeast drift of water, the Tasman Current, is
now modified subtropical water and less well defined in its passage, It
meets the east flowing water from the East Australian Current over the
Norfolk Ridge, where a Mid-Tasman Convergence has been recorded in winter
by Stanton (1969:1141) and Stanton and Hill (1972:647). Part of the
Tasman Current flows eastward through Foveaux Strait and along the Otago
Coast, as the Southland Current (Brodie 1960:248, Houtman 1966:480),

In summary, the subtropical water from the East Australian Current
flows towards the west coast of New Zealand, either in a direct eastward
course or via the periphery of the Tasman Sea, As it approaches the
New Zealand coast this current beccmes merkedly mkor and less well
defined (Wyrtki 1962196, Garner 1969:216),

There are varying opinions as to the origin of subtropical water
flowing southward along both coasts of the northern North Island,

Fleming (19501186) proposed the existence of a warm Bast Cape Current to
explain temperature observations, Garner (1961:62) considered that this
current originated in the Trede Wind Drift, A similar origin was

proposed by Brodie (1960:1247) for both the East and West Auckland Currents.
This "extensive flow" from the Trade Wind Drift did not show in a
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eirculation survey by Wyrtki (1962:97) using geopotential topographies,
However, he considered that surface wind drif+ts would not be indicated by
this survey method.

Data from the Tui oruise in 1962, enalysed by Barker amd
Kibblewhite (1965:624), suggested that water from the Trade Wind Drift
flowed southeast along the Kermadec Trench and fed the East Cape Current,
These authors found that the main flow to the north of Horth Cape was in a
northerly direction, but some water was diverted southward as the East
Auckland Current, Similarly, Garner and Ridgway (1965:52) found that the
Westland Qurrent traversed the entire west coast of New Zealand and rounded
North Cape to form a strong southward flow (the East Auckland Current),

Stanton (1969:136) implied that water from the Trade Wind Drift
has little effect on the coastal circulation of New Zealand, He proposed
a tropicel convergence at the interface of water from this drift and
water derived from the eastward flow of the East Australian Current,
However, Garner (1970:120) found no evidence for either a tropical
convergence or & southwest flowing Trade Wind Drift to the northeast
of Hew Zealand, Contrary to Wyrtkd (1962:97), Garner considered that
such a surface drift should be recorded by geopotential topegraphy.
Similarly Ridgway (1970) obtained no indication of a southwest flow
in the southem Kermadec Trench, as had previcusly been postulated by
Barker and Kibblewhite (1965).

In view of these differences in interpretation, it is not possible
to say definitely whether subtropical water arriving at New Zealand is
completely derived from the Tasman Current or whether some originates from
the Trade Wind Drif't. Distribution of the two subspecies of A, australis
suggests that 2 more direct route from the north might be taken by larvae
of the New Zealand subspecies, as shortfinned eels to the west of 160°
latitude are A, sustrelis sustralls and to the east are A, sustralis
Sehmidtii, This is not supported by known hydreological conditions, which
indlcate that water flowing west past New Caledonia strikes the east coast
of Australia or enters the Coral Sea (Wyrtki 1962:100-102), No shorter
route by-passing the eastern seaboard of Australia is known,

Thus, an analysis of the surface currents of New Zealand and
adjacent waters, glves no more precise indication of a possible spamning
area located in the tropics. Also, it cannot be established that glasse
eels arrive at New Zealand without traversing the Tasman Sea,
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Finally, a consideration of the important physical factors for
spamning of the Buropean eel may help to define possible areas in whigh
the New Zealand eels spawn, These factors according te Bertin (1956:122)
are a depth in excess of 400 m with a temperature of 16-17°C and a
salinity greater than 35,5 /00, In the southern hemisphere the warmest
ereas at a comparable depth ocour in the vieinity of 20°8 (Sverdrup ot al
1942:chart V), Temperatures here are approximetely 14=15°C, Depth is
generally adequate over the whole southwest Pacific basin, especially
east of Tongs, and salinities are relatively high, It seems logical to
confine the possible spewning area to the latitude of approximately 20°.

Estimation of possible distances travelled by larvae during the
one and a half years of sea-life can also be considered, Harden-Jones
(1968:77) found a good correlation between the velocity of surface
currents in the North Atlantic and the proposed length of sea-life for
European eel larvee, Few data are available for cwrrent velocities
in the southwest Pacifie, Wyrtikd (1962:103) resorded an average current
flow to the north of New Caledonia of 3«5 ¢m per second, and Hamon
(1961:10) states that volume transport of the Bast Austrelian Current is
approximately half that of the Gulf Stream,

Meyer-Waarden (1965) gives a migration speed for lervee of the
European eel of 7 km per day, whereas the above data of Wyrtki for the
western branch of the South Pacifioc Equatorial Current give a value of
the order of 4 km per day, If this current speed is typical of that
influencing New Zealand eel larvee during their 18 months larval life,

a figure of 2200 km is obtained for the possible distance from New Zealand
to the spawning area, In a direct northeast direction to 20°3, this
estimate places the spawning area in the vieinity of the Cook Islands,
However, the lmown distribution of A, australis schmidtii indicates a
westerly component in the dispersal, The actual spawning area is

probebly further west of the Cook Islands, perhaps over the depths to

the east of Tonga. Until more preecise bilological and hydrological data
are availeble, it is not pessible to be more specific,
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eels from the sea and subsequent movements,

The first design was a square box net with an external collapsible
frame, This net had a simple 'V' entrance and detachable 3 m wings, It
was fished at sampling site 'd' in the Makara Stream (see Fig. 2.,1.b)
from September to November 1970, Although good catches of whitebait
(Galaxias spp,) were made, only ten glass-eels were caught, Major
disadvantages of this net were its large sisze (mouth of 75 em x 75 om)
and lack of streamlining, It was suspected that much of the ecatch
escaped as whitebait catohes increased immediately a tapered throat
was inserted. The netting itself was fibreglass insect netting with
7 meshes/em and proved very durable.

For the 1971 invasion, three further nets were constructed; one
for site 'a' at the stream mouth, and two for upstream sampling at sites
'd’ and 'd', These nets had an intermal frame and were covered with
aluminium fly-sereen netting, Seams were hand-sewn, Fig, 3.3.a shows
en upstream net as used at site 'd', These nets had permanent wings
leading to a throat entrance, The upstream end was tapered to provide
less resistance to the flow of water, However, upstream catches were
again small, Also, site 'b' was not suited to a set-net as daily tidal
fluctuations meant that the net fished effectively only half the time,
One unforeseen hazard was water rats which occasionally chewed holes in
these nets to get at dead whitebait,

The net used for night fishing at the stream mouth proved more
successful, This net had a tapered throat, detachable wings and was
designed to fish the sloping stream margin, However, the internal frame

meant that the leading edges were subjected to much wear and the 1972 model

was designed with an external frame (Fig. 3.3.b )s The latter net,

again made from fibreglass insect netting, proved mest efficient, A
nylon skirt at the rear allowed quick emptying, It could be soundly
secured with both ropes and stakes, which allowed fishing in all but the
most adverse sonditions., On swift flood tides a constant watch was of'ten
necessary to remove large amounts of seaweed which otherwise elogged the
entrance,
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,ig- 33 Glass~eel nets,
a Net used for upstream sampling,

b Net used to sample the 1972 invasion at the mouth
of the Makara Stream,
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During the 1972 glass-eel season, fishing took place on two and
usually three nights each week., The net was emptied once every quarter
hour, the contents tipped into a large plastic bin and the net returned
immediately to the water, This operation normally took only one minute,
The catch was then sorted and the glass-eels counted, Unfortunately it
was not possible to differentiate between the two species in the field,
Some glass-eels were caught by using a small carbide lamp as illumination
and a hand net, but this method was not used extemsively, The total night's
cateh was kept overnight in stream-water which was vigorously aerated. The
eels were then measured and weighed the following morning, Some of the
sequences in the fishing operation are shown in Fig, 3.h.a-d,

For measuring, eels were anaesthetised with a solution of 3%
bensocaine dissolved in 95% isopropyl alcohol., This solution was used at
a concentration of 2-3 ml per litre of water, As soon as the fish became
immobile, they were transferred to a flat white fish, with a thin film
of water covering the bottom, Using a side light and low magnification
on a binocular microscope, the shadow of the dorsal fin could easily be
seen, The pre-anal extent of this fin was the character used to
differentiate between the two species. The stage of pigmentation,
according to the scale of Strubberg (1913:4) was also recorded for each
specimen,

Up to 50 eels at a time were weighed, to reduce possible
percentage errors, The narcotised eels were placed on a petri~dish and
weighed on a chemical balance, The weight of the glass was subtracted
and the mean weight per eel calculated, Individual eels could be
weighed in this way, and careful teghnique gave an error of less than
3% for each eel, If eels were required to be kept alive, they were removed
to an aerated tank, Those for subsequent rediographic investigations
were preserved by fixing in a shallow dish of 10% formalin for two days,
thoroughly washed, then stored in 45% isopropyl alcohel,

When reviving narcotised glass~eels, it was noted that lengfins
took consistently longer to recover than did shortfins., When plaged in
uncirculated water, most shortfins would revive in half an hour, amnd all
within one hour, At the end of this time, s many as 800 of the longfins
would still be marcotised, while over 50% would still not have recovered
after two hours, These latter fish showed opaqueness of the brain and
nerve cord, characteristioc signs of impending death, Further trials
showed both species took the same time to become anaesthetised, but
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Flge 34 Sequences in glass-eel fishing at night.

a Setting the net

b Inspecting the contents ¢ Re~tying the skirt after
emptying the net

d Sorting the catch, In this instance
the cateh is completely whitebait

(Galaxias spp.).
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longfins had a slower recovery time, The recovery time in aerated water
was considerably less but varied according to the strength of the
anagsthetic, the time spent in this solution before removal, and the
water temperature, Under normal conditions, all eels were revived within
five minutes, with the shortfins again recovering more rapidly,

Other samples were cbtained from various localities throughout the
country. These were received either preserved in formalin or alive, Twe
suitable methods of transport alive were used: either the eels swam freely
in a large container, aerated from an oxygen cylinder or they were packed
in large plastic bags inflated with oxygen in the proportion of one part
eelsione part weter:20 parts oxygen. If eels were cooled prior to
packing and the tempereture kept between 7-10°C during transport, they
could be kept this way for at least 12 hours with little or no mortality,
However, during transport, if temperatures rose to 15°C eand higher, the
eels showed characteristic signs of distress by agitated movements and
frothing of the water, Under these circumstances, considersble mortalities
occurred, This method of transport, with some refinements, has been used
to air-freight New Zealand glass-eels to Japan,

Whichever method was used, it was consistently found that, in
proportion to the numbers present, longfins died in far ;rutu-m
than did shortfins, For example, a large sample of several thousand
glass-eels from the Walkato River, collected on 11 September 1971, was
found %o contain 99.8% shortfins, However, of the 72 dead eels removed
from the plastic bags on arrival at the laboratory 39% were longfins,
Similarly, longfins could not be kept successfully under laboratory
conditions, In November 1970, a sample of 2779 glass-eels were plaged in
e 55 1 aguarium;of these, 363 (13%) were longfins, Water was changed
once weekly and the eels were fed three times weekly, Within 35 days
all the longfins had died, but only 5% of the shortfins, Dead eels were
not obviously in a debilitated condition, and although the cause of death
was not known, it was suspected that trages of chlorine in the domestie
water supply, could have been a major fagtor,

An analysis of living and dead glass-eels kept at a Masterton
esl-processing factory showed similar results, These eels, from the
Whareanma River (see Fig, 3.20) were kept outside in a 300 1 concrete tank,
supplied with rumning spring-water, Although longfins comprised only 4%
of a sample of 270 living eels examined, they made up 47% of a sample of
68 dead eels, As a similar water supply is used successfully to rear
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brown trout fry, Salmo trutta L. (P, Salmonidae), in a nearby hatchery,
it is not thought that these deaths were attributable to water quality,
It would appear that longfins, at the glass-eel stage, do not adapt
readily to artificial enviromments.

In the laboratory, the darker, more light-tolerant specimens were
frequently very active, even during daylight hours and made repeated
efforts to climb the aquarium sides, Their remarkable climbing ebility was
demonstrated when several escaped by threading their way upwards through a
plece of plastic netting which had been draped over the side of the tank
‘to hold food, Once acclimatised to an aquarium, most eels had a tendenocy
to hang from a netting bag which was suspended in mid-water, Only a few
sought cover under pieces of stone pipe provided. This behaviour greatly
facilitated cleaning of the tanks by siphoning,

Little trouble was experienced in inducing the gless-eels to feed,
New arrivals were left for a week to acclimatise before food was introduced,
By this time, many would readily accept food and by the end of the week,
almost all would be feeding, It was found that maturel foods (Tubifex
worms, white worms Enchytraeus albidus) were initially more acceptable
than artificial foods, but once eels were feeding well, a wide variety
of foods were eaten, A mixture of minced fish end liver was readily
consumed but easily fragsmented and clouded the water. Addition of a
small amount of gelatin partially overcame this problem, Neither this
food nor pinom trout food, had the consistency of a sample of Japanese
compound eel food, provided by the New Zealand Fishing Industry Board. To
lessen the dispersal of food fragments in the weter, floating plastie
containers with perforated sides were tried, However, very few eels
appeared able to locate the food and most were unwilling to enter the
containers, The few that did enter the containers immediately sought
a way out, and did not feed,

Some problems with disease were experienced, The most prevalent
disease was Saprolegnia parasitica Coker which appeared externally as
tufted growths of white fungus on any area of the body. It was normally
checked by dosing tanks with a solution of malachite green and methylene
blue sufficient to just colour the water. This disease, commonly encountered
in eel farms, is now regarded as a secondary infection (Egusa 1965:524),

Aehthyophthirius multifiliis, "whitespot", was also encountered,

Again, the above treatment proved effective and prevented reinfection



from the encysted adult form of the parasite, Tanks were dosed weekly

to keep disease to a minimum, Dead fish, surplus food and faecal material
were removed regularly by siphoning with a short length of plastic hose.
Airlift filters removed suspended material from the water. These.
precautions kept the problems from disease to a tolerable level,

Seneral Morphology and Pigmentation

As the name implies, glass-eels on arrival in fresh-water from
the sea, are almost completely transparent, with the black chorioid layer
of the eye being the most conspicuous feature, PFig, 3e5.8.,b shows both
species at this stage. The brain and spinal cord become opaque with the
onset of death, Other prominent features are the branchial area, coloured
light red by the developing blood pigment; the two-chambered heart
situated anterior to the liver; the large liver; the straight gut;
and the kidney above and posterior to the anus, Under magnification, the
eirculation can be easily traced, with the dorssl aorta and the posterior
cardinal veins located beneath the vertebral columm,

Glass-eels invading fresh-water typically show only a few
melanophores on the posterior ceudal fin rays, and the commencement of
pigment development around the brain and spinal cord, The chromatophores
on the spinal cord form laterally one on either side of each vertebra,
Development of the melanophores commences posteriorly and the spinal cord
of en invading eel is generally seen as a black stripe extending two-
thirds of the length of the body and formed by coaleseing melanophores.
At this stage, further deep-seated pigmentation develops on the membranes
surrounding the brain. Again development begins pesteriorly and proceeds
both anteriorly and laterally, to cover the brain itself. This cerebral
pignentation or "tache cérébrale” as it is often referred to in literature
of the European eel, is visible through a dorsal fontanelle in the braine
case. As the dermal bones develop to completely enclose the brain,
superficial pigmentation forms on the skin above the brain and continues
forward to meet the pigment now formed above the olfactory organs,
Melanophore development now commences on the pericardium, peritoneum,
blood vessels and branchial elements,

The external pigmentation also commences posteriorly and proceeds
anteriorly along the dorsal mid-line and the lateral line. Dorso-lateral
chromatophores first form at the margins of the myotomes, giving the eel
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Fig. 3.5 Glass-eels at invasion (1live),
a A: mg!_lil 6‘1 om, ‘u‘. “.

b A, dleffenbachii 6.5 am, stage VB,

Pigmented glass-eels (preserved).

¢ A, sustralis 6.0 om, stage VI A II 2

4 A, dleffenbachii 6.3 om, stage VI A IV 2







a characteristic chevron pattern (Fig. 3.5.d). Myotomal pigment then
develops and coalesces laterally, Ventro-lateral pigmentation is somewhat
slower, and by the time it appears pre-anally, the dorso-lateral pigment
has reached the head, All epidermal pigment cells now coalesce to give
the young eel the adult coloration,

The process of pigmentation has been divided into various stages by
Strubberg (1913:4) based on the spread of superficial pigment, An
abbreviated form of this scale appears in Table 3,2,

Gless-eels of both Hew Zealand species fit this scale well and
accordingly it is adopted to characterise developmental stages.

It was found thet all invading glass-eels caught at Makara, were
in the earliest stages of pigmentation, linety percent corresponded to
stage VB on the scale of Strubberge. From this it might be inferred that
development of pigment is a consequence of entry into freshewater, That
this is not so for the Furopean eel was demonstrated by Strubberg (1913:7)
who found that pigmentation developed at the same rate in eels kept in
salt or freshewater, Conversely, Vilter (1944) found some evidence for
the retardation of pigment development by an increase in salinity, He
considered the influence of the external environment expressed itself
through the endocrine system and the stage of pigmentation was not always
a goed index of physiclogical change. The comments by Bertin (1956:145)
adequately summarise the above, "The two metamorphoses that the eel
undergoes are dependent upon internal secretions., The external factors
ean only retard or acecelerate the phenomenon”,

To observe the sequence of pigmentation under varying conditions,
three experiments were conducted on both long end shortfimmed glass-eels,
All trizls began with fresh glasas-eels at stage VB, These were caught a |
day orior to the experiments and either retained in salt-water or
agelimatised over a day, to fresh-water,

Salinity: Ten longfins and ten shortfins were placed in a tank of salte
water, Similar numbers were placed in fresh-water. The tanks, painted
black, were aerated and the eels fed three times a week with white worms.
At weekly intervals, the length, mean weight and stage of pigmentation

was recorded for all eels, Temperatures over the five weeks of observations
ranged from 11.4°-14.2°C. The results are given in Fig, 3.6.a expressed

as the percentage number of eels per pigmentation sube-stage, The histograms




Table 3,2  Abbreviated scale of Strubberg (1913) for successive

stages in pigment development in glass-eels.




VIA I
VIA II

VIA III

VIA IV

Elgmentation
Cerebral and nerve cord pigmentation,

Pigment developed along dorsal ridge. NNo mediolateral pigmentation,

Development of mediolateral pigment post-anally, Some doubling
of dorsolateral pigment on myosepta and intermyoseptal pigment
developing,

Mediolateral pigmentation extends pre-anally to the pectoral fins,
Increased doubling of dorsal and mediolateral myoseptal series,

Development of ventrolateral pigment pre-anally with assoeiated
development of intermyoseptal pigment,

Myoseptel arrangement of pigment, both dorsally and ventrally,
begins to be indistinet. Pigment developing on cheek, behind
and below the eye and on pectoral fins,
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show that salinity had little retarding effect on the rate of pigmentation;
at the end of five weeks, both tanks were almost comparable, with eels

in freshewater showing slightly more pigment development, However, in

both tanks, pigment development was more rapid in longfins than in shortfins.

Temperature: While carrying out temperature tolerance experiments, the
rate of pigmentation of four eels of both species at 10° and 27°C was
recorded. Unfortunately, the longfins at the higher temperature all died
after one week, The results (Fig, 3.,6.b) show the marked retarding effect
the low temperature had on both species, while the high temperature
accelerated pigment development., In this experiment, only limited cover
was available for the eels, and it was thought this factor may also be
important in the spread of pigment, To investigate this, e third
experiment was carried out., Unfortunately only a limited number of
longfins were available for this trial,

Background: Ten shortfins and three longfins were placed in a clear
perspex tank with a white bottom. An equal number were placed in a
black tank, Pieces of stone pipe provided cover from direct light,
White worms were fed and weekly measurements of the eels taken, Temper-
atures recorded ranged from 12,4°=14.9°C, The results are illustrated
in Fig.3.6.¢ and show the pronounced effect of background colouration
on the development of pigmentation, The darker the background, the
more rapid the rate of pigmentation to adapt to it.

The above experiments indicate that envirommental factors can have
a considerable effect on the rate at which pigmentation proceeds, However,
as pigmentation develops almost as rapidly in salt-water as in fresh-water,
the process can be considered to be initiated at larval metamorphosis,
The samples of New Zealand glass-eels examined indicate stage VB to be
that at which invasion into fresh-water takes place throughout the
country, If post-metamorphic sea~life is extended, for whatever reason,
the invading glass-eels will have commenced some superficial pigmentation,
The limitations of using the scale of Strubberg as an indication of
freshwater life, are disoussed later,
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Fig. 3.6 Effects of environment on the rate of pigment
development of glasa~-eels,

a Salinity
b Temperature
¢ Background colouration

All eels were at stage VB at the start of the trials,
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Shrinkage
Glass-eels invading fresh-water undergo a marked shrinkage for a

period of several weeks, This decrease in both length and weight can be
considered as continuous with the size reduction which takes place at
metamorphosis, This reduction occurs even though the eels may be actively
feeding. Thus, the eels used in the pigmentation experiments, although
readily feeding, decreased in length and initially in weight also, for the
five weeks of observations, This shrinkage took place in both salt and
fresh-water, In fresh-water, the mean length decrease was 2,3 for
shortfins and 4.4% for longfins,

Because of the variable time intervals represented by different
stages of pigmentation, it is difficult to correlate the commencement of
growth with any particular stage. Table 3.3.a shows the mean length per
pigmentation sub-stage for a typical shortfin sample (Waikato River,

11 September 1971). No trend is obvious from the size distribution,
However, if the condition factor is considered, a general trend can be
seen, Table 3.3.b gives the mean condition factor per pigmentation sub-
stage for shortfins collected during the month of October, The VB value
is taken from Makara samples, while the other values were obtained from
various live samples to give a wide coverage of stages. Condition, K,
was calculated from K = L.X 1000 ynere W = weight in grams and L = length

in ems Insufficient data were available for longfins, and no comparable
table can be given,

Table 3.3+b shows & decline in condition ocours until the onset of
stage VIA III, The increase at this stage is indicative of the commencement
of growth, and is attributable to inecrease in weight rather than a
continued decrease in length, as most samples showed a slight increase
in mean length during late VIA III, Similarly, Heldt and Heldt (1929:30,
36) found the reduction in length and weight of glass-eels from the Lake
of Tunis to continue into stage VIA ITI, Hornmyold (1927:108) commented
that after this size reduction the pigmented eels "Qu'elles n'ont que la
peau et les os" and are inedible,

To investigate the shrinkage in length further, proportional
measurements were made of shortfin glass-eels and elvers, Twenty eels
from each pigmentation stage were measured, using a micrometer eyepiece to
caleulate head length, and an accurete rule under low magnification for all



Table 3.3 a Wean length per pigmentation sub-stage of live glasse
eels of A, australis collected 11 September 1971,
Walkato River,

b Mean condition factor, K, per pigmentation sub-stage
live glass-eels of A, sustralis collected during

October.,




Stage VIA II VIA TII VIA IV
Sub-stage 1 2 3 L 1 2 3 1 2
lzﬂn)lm 5486 5,92 5,97 5.98 6.02 5.87 6,03 5495 6,40
cm
n 7 77 6, 32 18 18 & L o9
Grand mean length = 5,97 cm
N = 225
b
Stage VB VIA I VIA IX VIA III VIA IV vis
Sub-stage 1 2 3 ' 1 2 3 1 2 3 &
M OQN - 007) 0075 0070 0072 9088 0095 otas 0090 1002 1002 - 1.’8
condition
n 452} = 2 10 21 g8 I 6 18 | 12 8 2 =« |13
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other measurements,
Measurements taken were:

Head Length (H.L.) 3 tip of lower jaw to brenchial opening
Total Length (T.L.) : tip of lower jaw to tip of caudal fin
Pre-anal Length (PRE,A,) : branchial opening to anus
Post-anal Length (POST.A,) : anus to tip of caudal fin
Body Length (B.L.) : branchial opening to tip of caudal fin

The average measurements, expressed as percentages of the body
length or total length, are given in Table 3.4,

That shrinkage is not uniform over the total length is shown by
inereasing proporticnal length of the head in pigmented eels, The agtual
mean head lengths for stages VB and VI A II, were 0.66 om and 0,67 em
respectively, with body lengths of 5,40 cm and 5,19 em, Thus, it is not
@ change in head length but a decrease in body length, which causes
shrinkages Similarly, measurements of A, asustralis sghmidtii larvae
given by Castle (1963:9) show that although head length increases with
growth of the larvae, it does so in a decreasing proportion to growth
in total length. Consequently, the major changes in body proportions
which ocour during larval growth are due to rapid growth in the body.

During stage VI A III, the glass-eels attain the body preportions
of the elver, and from this stage on it is assumed that growth is isometric,
No differences in body proportions were found in elvers examined, which
covered a range in length of 5 om,

To further localise the region of shrinkage, the body measurements
excluding head length, were examined, These mean pre-anal and posteanal
measurements, expressed as a percentage of body length, are also given in
Table 3.4+ The values show that during the stages of maximum shrinkage
(VB = VI A II), the reduction in length is uniform in both pre-anal and
post-anal regions. However, from stage VIA III onwards, the pre-anal
region occupies a propert_imuy increased length,

Proportional shrinkage in both pre-anal and posteanal aress is
consistent with the explanation of Ahlstrom and Counts (1958) for shrinkage
observed during metamorphosis of Vinoiguerris lucetia (Garman)

(Fs Gonostomatidae). These authors considered that shrinkage was due to
compression of the unossified spaces between the centra of the vertebral
column, '

The change in the relative pre-anal length is considered due to
onset of growth which takes place during stage VI A III, Subsequent to




Table 3.4
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Proportional body measurements of glass-eels and
elvers of A, australis

H,L, = Head Length

TeLs = Total Length
PRE,A, = Pre-anal Length
POST.A, = Post-anal Length

B.L. Beody Length




Stage n 1(em)

H,L./T.Ls PRE,A,/T,L, POST.A./T.L. PRE,A,/B.L, POST.A,/B,L.

B 20
VIA II 20
VIA IITI 20
VIA IV 20
Elvers 41

6.1
549
6.6

73
7:0=12,0

10.9
1.5
12.3
12,7

12,5

27.1
26,7
2743
27.5
274

62,0
61.8
6044
59.8
6041

3045
30.2
3.1
3145
313

69.5
69.8
6849
6845
68.7
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this, there has been en anterior migration of the anus during
metamorphosis (Ford 1931:994) and a folding of the gut to form a

looped alimentary canal, Once the eel is established in fresh-water,
the role of the gut assumes more importance, as the eel enters a period
of active growth, culminating in its catadromous migration,

In glass-eels at stage VB, the gut is relatively simple, being
comprised of a small anterior loop, and a descending straight tube leading
to the anus, During early development, the loop extends posteriorly to
form the descending and ascending limbs of the stomach, The degree of
stomach development in glass-eels was investigated to find whether any
relationship existed between this and rate of pigment development, The
extent of stomach development was determined by expressing the length of
the ascending limb (A.L.) as & ratio of the length of the gut in situ
(G.In)o

Measurements of early stage glass~eels (VB - VI A II 1) were made
from preserved material, However, during cbservations on pigment
development, it was possible to measure stomach development in
anaesthetised eels, These eels had been fed white worms the day prior
to measuring, and the full stomachs enabled the extent of development to
be easily seen and measured, Although the stomach is a rather elastic
organ, any distension appears to be in width and not length, As no
differences were apparent in results from those eels kept in salt~
water and those from fresh-water, these data were pooled, and the
results plotted in Fig, 3.7.

The regression equations are:

shortfins Y = 4,7231(X) + 23.5029 r = 0,8923 (n = 58)
longfins Y = 5.4487(X) + 17,1248 r = 0,9519 (n = 33)

Both correlation coefficients are highly significant at the 1%
level, This high degree of correlation between stomach development and
stage of pigmentation also confirms the scale of sﬁ'nhbu'g as a valid
index of sequences in pigmentation development, and indicates that mean
time intervals between successive stages are approximately equivalent,
However, from consideration of the stage of pigmentation alone, it is
not possible to make definitive statements on the lemgth of time particular
glass-eels have spent in fresh-water., As the rate of pigment development
is subject to certain environmental influences and the length of poste
metamorphic life, such calculations are, at best, fair estimates,
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Fige 3.7 Extent of stomach development in glass-eels at various
stages of pigmentation.

A,L. = length of ascending limb of stomach

G.L. = length of gut in gitu

Solid circles indicate the sample means and the
vertical lines the ranges.
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It is suggested that the development of pigment, together with
assoclated processes of shrinkage, stomach development and the onset of
growth, take place as a result of the length of post-metamorphic life,
However, as discussed in a later section, behavioural changes in response
to 1light seem to be related directly to the development of pigmentation,

The armual invasion of New Zealand freshwater systems by glass-eels,
takes place during winter and spring. Ege (1939: 144,212) gives August to
January as the months for the invasion of both species, while Cairns (1941:62)
considers October to December to constitute the main invasion period, Catches
during 1972 at the mouth of the Makara Stream, indicate an invasion period for
this locality of July to December, but within this period different species
patterns oceour,

Table 3.5 gives the monthly results of glass-eel fishing at Makara for
1971 and 1972, Unfortunately it was not possible to commence fishing during
1971, until September, by which time a substantial part of the invasion had
probably taken place, However, in 1972, e total of seven months was fished,
with cateches being recorded in six of these months, The 1972 catch is further
shown in Figes 3.8.2 and by Fig. 3.8.a shows that shortfins arrive at Makara
over a period of six months, with September and October being the peak months,
During 1972 these two months accounted for 72% of the total shortfin catch.
The comparable value for 1971 was 69%. The longfin invasion takes place over
& shorter period, from July to September, with peak months being August and
Septeaber, In 1972, 79% of the total longfin catch came from these two months,

The total 1972 eateh for both species combined, indicates that Sep-
tember is the major month of invasion, providing 37% of the seasonal total,
This is followed by October (31%) then August and November with 15% and 13%
respectively, Similarly the cateh per fishing effort for the 1971 and 1972
seasons (Table 3.6) shows September to be the most productive month, Over
the main part of the 1972 season, fishing was carried out on three nights
each week to maintain a regular and constant effort, However, the effort
was relaxsd early and late in the season due to scarcity of glass-eels, as
reflected in the low catch per effort figures,

Although the numbers of glass-eels caught at Makara were not
large, they are considered to provide a good index of the relative arrival
patterns of both species, for several reasons, Firstly, all sampling was

carried out at the mouth of the stream and this eliminated the possibility
of eels finding a sultable habitat once in fresh-water and so discontinuing



Table 3.5
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Monthly glass-eel catches from Makara Stream for
1971 and 1972,




n 1972

A, oustralls A, dieffedachii | A, sustralis A, dlefferbachii

n %/month =n %/month n  %/memth =n %/month
July 3 T4 " 26
Sept. 293 9 20 6 482 80 120 20
Octs 215 9% % 6 452 9 50 10
Nove. 225 99 1 1 205 98 8 2
Dec, 5 100 - - 9 4100 - -

N 738 35 1303 304

Species
propor=
tions (%) 9% b 81 19




27

Fig. 3.8. Makara Stream glass-eel catch, 1972,

a The number of the total catech per month for
both species.

b The percentage of the total catech per month
for both species.
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their inland migration, Secondly, the Makara Stream supports a large
population of both species, Further, the Wellington area is located
"mid-way" along the north-south extent of the country; analysis of
glass~eel samples from throughout the country indicates some differences
in species distribution from north to south,

Provided that 1972 was a typical ycar, the Makara catches
indicate that the majority of longfin glass-eels arrive somewhat
earlier than do shortfin glass-eels,

Various glass-eel samples were obtained from the Waikato River
over a period of three years, All samples camé from the "Elbow" near
Pukekohe (see Fig, 2,1,a) and cover a period of four menths, These
samples are presented chronologically in Table 3.7, Unlike the Makara
data, the Waikato samples show no definite species patterns of invasion,
However, the "Elbow" fishing site is located 18 km upstream from the sea,
and most eels in the samples were well-pigmented, indicating a possible
residency in fresh-water of approximately two weeks, As the downstream
area offers varied habitats, many glass-eels may choose to remain there,
rather than continue their migration, Data presented later indicate
that of the two species, the shortfin glass-eel is more likely to remain
in such lower reaches than the longfin, Furthermore, there is no reason
to suspect that either species shows behavioural differences resulting
in a bias by the sampling method of set-nets, It does not seem that
the relatively small catches of longfin glass-eels are due to either
the catching method or the locality of the sampling site,

From the above it is concluded that a much higher proportion
of shortfin glass-eels invades the Waikato River than do longfins, but
the samples do not indicate any seasonal trend in the proportions of
both species,

Factors Influencing Preshwater Invesion

Glass-ecels of both species caught immediately upon entering _
freshewater from the sea, are typically at Stage VB of the scale of
Strubberg. The stages of pigmentaticn for all glass-eels caught at the
mouth of the Makara Stream during 1971 and 1972 ere given in Table 3.8,
For simplification, both species have been combined for each year. In
October and November 1972, two large catches were not completely analysed,
resulting in the difference shown in the total cateh for 1972 between
this table and Table 3,5.
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Table 3.7 Glass~eel samples from the Waikato River, 1970-1972 .
|
|




A, ausirells = A, ddeffenbachil

Sample date n %/ semple n %/sample
24/8/70 300 98 7 2
1/9/1 606 99 1 1
117/72 501 98 8 2
21/9/72 97 9 10 9
28/9/72 503 99 2 1
9/10/71 305 95 16 5
3/1/7 320 53 5 2
6/11/70 187 S0 20 10
n 2908 69

Species proportions (%) | 98 2




Table } 8
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Pigmentation itagan of invading glass-eels from the
Makara Stream for 1971 and 1972, Both species
combined.,

Figures in %/ stage/ month.




L4 272
VB VIAI VIAII VIAIII n| VB VIAI VIAII VIAIII n

July 100 42
Aug, I 3 3 243
Sept. 98 1 1 33| 9% 3 3 602
Oct. 92 3 4 1 229 | 80 6 13 1 136
Nove 77 10 13 226 | 87 5 6 2 215
Dec. 4O 40 20 51 56 22 22 9

[ 1547

(Mean) 90 & 5 1 89 b 6 1
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Table 3,8 shows that approximately 90% of all glass-eels
caught were at Stage VB, Also, the percentage of individuals at
Stage VB decreases significantly throughout the season. This latter
observation is discussed in a later section,

Before considering the catch data from Makara further, it is
necessary to gain an understanding of the behaviour of glass-eels at
sea immediately prior to their freshwater invasion. The following is
a review of significant contributions in this field,

Vertical movements of migrating glass-eels have long been known.
Johansen (1905: 2) discovered that newly metamorphosed glass-eels at
sea exhibited a diurnal rhythm, At night they were pelagic and eould
be caught close to the surface, while during the day they were found on
the bottom, More recently, Deelder (1952: 197-198) confirmed this and
commented on the possible transport of glass-eels by tidal streams,
After studying catches by tide phases, he concluded that the direction
of tidal streams had no direct effect on glass~eel migration in the
vieinity of freshwater outlets,

Creutzberg (1958: 857) investigating glass-eel movements further
offshore, in the Dutch Wadden Sea, found evidence for inshore movement
on the flood tide and a burying or swimming close to the bottom during
the ebb tide, He suggested that discrimination of the tide phases was
due to salinity changes during the tidal cycle, However, after further
experiments (Creutzberg 1961: 309), he concluded that this disorimination
was not due to the perception of salinity changes but to olfactory
stimli, He proposed that the increased odour of inland water which
occurred with the ebb tide caused the glass-cels to stay near the bottom,
but with the oconsequent decrease in inland water odour during the flood
tide, the glass-eels rose to higher water levels and were transported by :
the tidal stream, In a series of well-conducted laboratory experiments, he
was able to confirm this,

These apparent contradictions in observations of the tidal
transport of glass-eels were resolved by consideration of changes in
behaviour of the eels, Deelder (1958: 136) found differemces in
vertical movements, schooling tendencies, and reactions to fresh-water
and light between glass-eels collected well off-shore and those ebout
to invade fresh-water, From observations at the mouth of the River
Severn estuary, he assumed that newly arrived glass-eels delayed further




upstream migration until they had undergone the above behavioural
changes (Deelder 1958: 145), He also postulated that a similar
transitional area must exist in the Wadden Sea,

Delays between the passage of glass-eel concentrations
observed in the Wadden Sea and their arrival at freshwater outlets, were
recorded by Creutsberg (1961: 279)., Subsequent sampling by him showed
that these glass-eels had delayed their migration and had accumulated
in an area of low salinity (0.5-11,0°/00), In this trensitional area
they were carried to and fro by tidal streams, Although Creutzberg
offered no explanation for this accumulation, it is now known that it
enables the glass-eels to complete their behavioural changes before
entering fresh-water,

Unfortunately neither Deelder nor Creutzberg give any indication
of the stage of pigmentation of the glass-eels involved in their studies,
From reference to Strubberg (1923: 17) who records the pigmentation stage
of glass-eels entering Danish seas as predominantly stage VB, it is
assumed Dutch glass-eels are at a similar stage, The degree of
pigmentation is important, as it is suggested later in this present
investigation, that certain behavioural responses are modified by
increasing pigmentation,

From consideration of the above references, the glass-eel:
migration can now be divided into two separate stages. Firstly, the
initial invasion from the sea into estuarine areas or regions of low
salinity, In these transitional areas, specific behavioural changes
take place, This migration is referred to in the text as the 'freshwater
invasion' or 'invasion', Secondly, a further inland penetration of
freshwater systems with the assumption of the mode of life characteristie
of adolescent eels, Hereafter, this movement is termed the 'freshwater
migration', Unfortunately, most authors have treated the appearance of
glass-eels in freshewater as a single phenomenon, and this leads to some
confusion in diseussing the migratory taxes shown by glass-eels,

The Makara glass-eel catghes, typifying the phenomenon of
freshwater  invasion, are now examined to determine whether the
periodicity of invasion is correlated with any environmental factors,
Unfortunately it was not possible to distinguish between the two species
in the field, and the following analyses are for both species combined,
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The catches from Makara for the 1971 and 1972 seasons are shown
in Figs 3.9 and 3,10 together with rainfall data and phases of the moon.

a, Water Temperature

Water temperature is a factor which could affect both the
commencement of the season and the intensity of invasion, Rarly in
the season, during winter, sea temperatures exceed freshwater
temperatures, and the magnitude of this gradient could be significant
to invasion, This gradient would be accentuated in swift rivers with
little estuarine area, as transitional temperatures normally occur in
this region,

During the 1972 season, sea temperatures at Makara were recorded
adjacent to the shore, in 0.5 m of water, beyond the influence of the
stream outflow, Estuarine temperatures, also taken in water 0,5 m deep,
were recorded from an area 100 m upstream from the stream mouth, to
ensure the readings were not influenced directly by flood tides.
Temperatures in the stream itself were recorded from sampling site 'd',
Air temperatures were also taken but not used in analysis as their
effect would be expressed indirectly through water temperatures, All
recordings were taken at 2200 hours with the exception of the upstream
temperature (site 'd') which varied according to the time spent fishing,

As anticipated, sea temperatures early in winter exceeded those
of the estuary by several degrees. For example, the mean sea temperature
in July 1972 wes 11.1°C while the estuarine temperature was 8.3°C.

For this present analysis and subsequent ones, significant
catches are considered to be those when a minimum of 20 eels per night
were captured. The first such cateh for 1972 was made on 31 July.
Temperature recordings on this date were, ses 11,3°C, estuary 6.4°C,
resulting in & gradient of almost 5°C, This was the largest gredient
recorded on any 'significant' night, Prior to this date, only 18 eels
had been captured.

The mean monthly sea and estuarine temperatures over the invasion
season, are given in Fige 3.11+ The vertical lines show the monthly
ranges, During September, both sea and estuarine temperatures became
more uniform, and by October, the mean estuarine temperature exceeded
that of the sea, and continued to for the remainder of the invasion
season,
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Makara Stream glass-eel cateh, 1971.
Nightly catches with moon phases and rainfall,

Note: all nights fished are shown on the ocatch

analysis, ineluding those nights when no
gless-eels were caught ( indicated by 'o!)

Rainfall is plotted for the complete four month
period.
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Fig. 3.10 Makara Stream glass-eel catch, 1972,
Nightly catches with moon phases and rainfall,

Note: all nights fished are shown on the catch
analysis, including those nights when no
glass-eels were caught ( indiceted by 'o').

Rainfall is plotted for the complete six month
period.
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Figs3.11

31e

Sea and estuarine temperatures, Makara Stream 19572,

Cirecles indicate the mean monthly temperatures and the
vertical lines the ranges. Nights when significant
catches were made are also shown,
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Small numbers of glass-eels were caught on nights when low sea
temperatures occurred, including 7 August when the lowest temperature for
the season, 8, % was recorded, However, a sudden cold period in early
September may have caused a temporary cessation in invasion, On 2
September (sea 12,3°C, estuary 12,2%C) 76 glass-eels were caught, but
on 4 September (sea 8,8°C, estuary 7,2°C) only one was caught, By
6 September the sea temperature had risen to 12,2°C and the estuary
to 11,5°C. On this date a large cateh of 143 glass-eels was made, As
meterological conditions were otherwise similar on these three nights,
the delay in invasion seems to have been caused by the drop in temperature,

Although invading glass-eels were not deterred by an apparent
temperature gradient of up to 5°C, it should be noted that such early
season invasions were almost completely on flood tides. The actual
temperature gradient experienced by glass-eels invading on a flood tide
into the estuarine area, would be somewhat less than that encountered
by invading against an ebb tide,

The highest reecordings during the invasion season were from
20 November when the sea temperature was 17.2°C and the estuary 19.1°C,
It is not thought that high temperature is a significant factor in ending
the invasion, as temperatures in the vicinity of these increase the
activity of glass-eels, Day (1941: 2) records largest movements of glass~
eels of A, rostrate, take place between 20° -25°%C,

The significance of water temperature as an impertant factor in
the invasion and migration of glass-eels has been recorded by several
authors, Mensies (1936: 255) found that a sudden cold period delayed
the glass-eel 'run' in the River Bamm, Northern Ireland. However,
analyses of further large catches in this river by Lowe (1951: 311)
showed no evidence of this, nor could the intensity of the migration be
correlated directly with temperature, Similarly, no evidence was found
for a temperature threshold for the onset of migration, Unfortunately,
the only temperature records available to Lowe were air temperatures and
these seldom agourately reflect water temperatures,

The existenge of a threshold temperature for glass-eels below
which migratory movements are inhibited, has been proposed by several
workers, Sorensen (1951: 126) and Meyer and KBhl (1953: 89) give values
of 15°C and 10°C respectively as the threshold for glass-eels of
A, snguilla, while Matsui (1952: 232) found & velue 8°C for A, japonica.
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Similarly, Deelder (1952: 193, 1960a: 4) found that water temperature
was a significant factor in starting or delaying migrations in European
glass-eels, Once the migration had begun, temperatures above a critical
value (4.5°C for glass-eels at sea) were not important, Also, the end
of the invasion season was determined by the absence of glass-eels rather
than by increased temperature.

Finally the results of Hiyama (1952) for thermotaxis in invading
glass-eels of A, japonica ean be discussed, From experimental evidence
he concluded that invading glass~-eels show a behavioural change during
the season, Early in the season when sea temperatures are higher than
river temperatures, the glass-eels move into the cooler fresh-water,
When these temperatures are equal they tend to stay in sea-water, but
when river temperatures exceed those of the sea the eels move into the
warmer fresh-water., While the proposed seasonal change in the response
of the glass-eels to temperature is of interest, it is not clear why
the largest actual invasions recorded by Hiyama took place when the
temperatures of the river and sea were equal,

b. Light

Despite several hours of fishing at the stream mouth during daylight
hours at intervals throughout the invasion season, no early stage glass~
eels (VB - VIAI) were caught, Discussions were held with local whitebait
fishermen who fished the mouth of the stream regularly, using fine-meshed
set nets. This non-commercial fishery is based on the freshwater migration
of juveniles of Galaxias spp. but, by regulation, operates only during
daylight hours from August to November inclusive, These discussions
revealed that such unpigmented glass-eels were seldom captured, although
it was not uncommen to find a few 'darker' stages with whitebait catches,
especially later in the season.

No glass-eels were ever caught at the mouth of Makara Stream until
after dark, Further evidence of the strong negative phototrophic reaction
of unpigmented glass-eels could be observed by placing a few specimens
in an aquarium during daylight. Such specimens immediately sought cover
and remained hidden, Increased activity could be observed at night when
most would be actively swimming and attempting to olimb the aquarium
sides. In contrast, later stage glass-eels (e.g. VIAII ~ VIB) showed



noticesbly more activity during the day, Deelder (1952: 197) elso
records the avoidance of daylight by invading glass-eels.

Although such invading glass-eels avoid daylight and a strong
torech beam, it was possible to catch small mumbers by using a weak carbide
lamp at night. In the lower estuary, with the lamp suspended on a stake
0.5 m above the surface of the water, glass-eels swam arcund the periphery
of the beam and could be caught with a hand-net, On no ococasion did the
eels remain stationary in the light beam, Although this weak 1light had
some attraction for the eels, catches were always substantially less than
those made by the set-net, On nights when the lamp was used, the
proportions of both species caught were similar to the larger catch
made by the set-net.

Glass~eel fishermen on the River Severn, England, use a candle
or faint kerosene lamp to attract newly arrived glass-eels (Deelder 1958:
136) « At this stage the eels avoid a strong light beam, Deelder considers
the speed of their avoidance reaction to be indicative of the behavioural
change they undergo in response to light, prior to their freshwater’
migration.

Before continuing the discussion of the Makara glass-eel catches
in relation to light and time of day, a further aspect of behaviour should
be noteds This is that no schooling tendency was observed in invading
glass-eels, This again contrasts with the behaviour of pigmented specimens.

Glass-eels were seen to arrive in the mouth of the stream
individually, swimming at or mear the surface, Any small aggregations
which did oecur could be explained by water flow, As the width of
the stream mouth is narrow, it was not possible to tell whether the
eels were endeavouring to keep close to the banks, During swift ebb
tides late in season, all eels were captured very close to the bank,

They were often seen slowly threading their way through the rocks and
gravel of the stream margin, This behaviour was obviously enforced by
the rapid outflow,

Similar observations were made by Deelder (1958: 136) who found
glass-eels at this stage swam individually and were distributed throughout
the water column with no obvious congregations, Creutsberg (1961: 290)
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observed that glass-eel density in the open sea was relatively low
in comparison to that of coastal waters,

As no schooling behaviour is shown by invading glass-eels, the
time of their entry into fresh-water on any particular night can be
regarded as a matter of individual 'choice', Therefore, although the
Makara catches were comparatively small they can be expected to show
any preferred time of invasion per night, as the eels respond individually
to migratory stimuli,

To investigate the nightly activity of the glass-eels, the
significant catches for 1972 were expressed as the number of eels
caught per hour, The catches per hour for each month were summed and
expressed as a percentage of the monthly total. Although the intensity
of invasion is known to be affected by the state of the tide and the rate
of stream flow, a nocturnal pattern of invasion was established,

Fige 3.12 shows the nightly activity for August-November, and also the
mean nightly activity of all significant catches., The curves were fitted
by eye.

Invasion commences after sunset, No catches were made until
after sunset, but during late October and in November, small mumbers
were taken during the twilight period. Moonlight appeared to have no
inhibitory effect as several significant catches were made on nights when
there was a bright moon overhead, The mean nightly activity graph shows
that activity quickly builds to a peak between 2100 and 2200 hours, From
this maximum, it gradually tapers off, to finish by 0200 hours, with only
Th of the invasion taking place after midnight, These latter figures do
not represent a decreased fishing effort, as fishing was always continued
until a 'run' had finished,

A seasonal advance in the intensity of invasion is seen by the
changing skew of the monthly graphs, This advance occurs in spite of
lengthening daylight. If sunset is considered as an index of darkness,
it is found that this advances from 1744 hours in mid-August to 1920
hours in mid-November, However, the times of invasion commencement and
peak activity do not show a corresponding staggering with decreasing
darkness.

A similar advance in activity of invading glass-eels later in
season was found by Deelder (1952: 198), He attributed this to increased
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Fig. 3.12 Average nightly invasion periodicity of glass-eels
for Makara Stream,August-November 1972,

Curves were fitted by eye.
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water temperature with consequent quicker reaction to oncoming darkness,
From consideration of the Makara data it is equally possible that this
advance represents an increasing tolerance to light by invading glass-
eels late in the season, Although these eels still prefer to negotiate
the shallow water at the stream mouth during darkmness, they may commence
their movement at sea towards the stream mouth before the onset of
darkness, This latter explanation is in agreement with a seasonal
change in response to state of the tide, as discussed in the following
section,

ce Tides

The indirect effect of the moon expressed through the tides and
tidal oycles, was investigated. Firastly, the daily ebb and flood tidal
rhythm wes examined and secondly the monthly tidal cycle.,

Tidal Ehythm

To assign nightly catches to a partiocular state of the tide, the
point at which the tide turned was taken as midway between the period when
flow in one direction stopped and recommenced in the opposite direction,
This was generally in good agreement with the predicted times from
published tables. Table 3,9.a shows the significant catches for 1974
arranged according to the mumber and percentage of each nights catch
caught on the flood and ebb tides., To observe any differences between
the beginning and end of the season, this table has been subdivided,

The 1972 catches indicated the end of September to be midway through the
season, and so that date is used as a convenient division.

Although the seasonal mean values per tide phase do not indicate
eny obvious preference for invasion on either the flood or ebb tide, the
sub~totals show marked differences for both halves of the season, During
the first half of the season, represented by only three catches but
comprising 51% of the total seasons catch, 77% of all eels were caught
on the flood tide. During the second half of the season only 23% of glass~
eels were caught on this tide,

The significant catches for 1972 are given in Table 3,9.b similarly
arranged by tide phase. Both the number and mean percentage of the catches
for each half-season show a similar trend to the 1971 catches, That is,
for the first half of the season, most invading glass-ecls were caught on



Table 3.9 Significant glass-eel catches from the Makara Stream

according tuv tide phase

a 1971

b 1972
Results of contigency chi-square tests between both

halves of the season for each year are given

o.fo x20.01 = 6.63




& 197

Date Flood tide Ebb tide
' n % n %
/9 109 90 12 10
225 75 b i) 25
" 20 10 INN 1% 56
34 (77%) 101 (23%)
6/10 17 71 7 29
7/10 19 76 6 2l
13/10 10 29 25 71
19/10 45 41 64y 59
21/10 k! 37 12 63
12/11 9N 100
15/11 87 100
16/11 60 100
99 (2%%) 324 (77%) X2 = 25218
43 (51%) 425 (L9%)
b 1972
* Date Plood tide Ebb tide
= B 2 B %
31/7 24 100
!2/0 29 100
16/8 54 9 6 10
30/8 107 100
z? 72 95 4 R .
2 3% 2% 106 76
15/ 162 97 b 3
18/9 140 100
22/9 2 6 32 9
29/9 25 90 3 10
501 (63%) 295 (37%)
2/10 39 100
/10 34 100
16/10 34 79 9 21
19/10 95 100
- 27/10 b 20 180 80
3/11 39 100
10/11 10 13 66 87
11 i5 57 26 63
27/11 13 29 33 ™
116 (18%) 521 (82%) X2 = 28890
617 (13%) 816 (57%)
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the flood tide, but for the remaining months, the majority of eels
invaded against the ebbing tide, The highly significant values obtained
for the contigency chi-square tests indicate that real differences exist
between half-season catches in both years,

Before considering the implications of these results, two other
factors must be mentioned, Firstly, ebb tides generally afford better
fishing conditions than do flood tides. The latter tides often carry large
quantities of seaweed and debris which tended to clog the net, Also, the
orientation of glass~eels invading on the flood tide could not be clearly
established; 4if they were evenly distributed aecross the width of the
stream or had a preference for mid-water, this would decrease the sampling
efficiency of the net, Eels invading egainst the ebb tide were found
swimming clese to the bank, However, such a sampling bias should be
consistent throughout the season and would be of lesser importance in a
stream with a narrow shallow mouth, like Makara, than in a stream with a
broad deep mouth,

Secondly, the physiocal aspects of the stream itself are variable,
The locality of the stream is such thaot the mouth is exposed to the
prevailing northwest wind. After several days of strong winds from this
direction, the stream mouth may become considerably reduced to two or
three metres in width, due to gravel deposited by rough seas, Such
deposits require a 'fresh' in the stream to remove them, If the stream
outlet is restricted in this way, the rate of tidal flow in either
direction will be greatly increased. This, in turn could affect the
ability of eels to invade against the ebb tide. The 1971 season was
relatively free from such adverse effects and although catches were small,
it is proposed that they are typical of the seasonal periodicity of

_invasion, Catches during the latter half of 1972 were probably affected

to some extent by a gravel bar which formed offshore and restricted the
outlet.

Nevertheless, neither fishing blas nor physical conditions of the
stream mouth satisfactorily explain the change in the seasonal pattern of
invasion by tide phase. Accordingly, it is proposed that this change

-represents a behavioural transition which has taken place in the response

of the eels themselves,

Before discussing this aspect further, the periodicity of
movement prior to and after the turn of the tide is examined, to see
whether actual invasion ocours over the period of slackewater or during
full tide flow., For this amalysis, only those nights are used on which



a tide change occurred at least one hour after the commencement of
fishing, The tide cycle on these nights is divided into four periods
around the change of tide, In 1971, seven of the eight nights involved
showed a tidal rhythm through high-water and this was the period chosen,
In contrast, the low-water period was predominant during 1972,

The tide rhythm, for 1971, is divided into the following periods:

flood tide, excluding the half hour prior to high-water (¥.T,)
flood tide of the half hour prior to highewater (H.W, =~ % hr)
ebb tide of the half hour after high-water (H.W, + § hr)
ebb tide, excluding the half hour after high-water (E,T.)

The letters in brackets represent the headings given to the
¢olumns in Table 3,10,a, For the 1972 data the rhythms are based on
low-water, and the headings are correspondingly reversed (Table 3.10,b).
In both tables, the two middle columns cover a period of half an hour
either side of slackewater respectively.,

Table 3.10.,a shows that most invasion for 1971 occurred during
a peried of directed water flow, and not over the hour 'slack-water
period', However, the number of eels caught on the flood tide deereased
from 60% during the first half of the season to 43 during the second half,
Unfortunately, by definition of the nights considered in this analysis,
the three large catehes in Nevember cannot be included, For this reason
the number of eels considered for the second half of the season is small
end the percentage catch on the ebb tide (41%) is slightly less than that
of the flood tide (43%),

A more definite trend in invasion by tide phase is seen from the
relevant 1572 catches, as given in Table 3.10,b, During July and September,
85% of the glass-eels invaded on the definite flood tide phase. However,
over the remaining months, 73% of all eels were caught on the ebb tide,
but with a large proportion in the half hour prior to low-water, This
increased latter movement wes probably due to the physicel conditions
encountered by invading glass-eels, The offshore bar which formed over
this period restricted the stream outlet, with the result that tide flow
in either direction was swift, Only when the ebb tide was slackening
prior to low-water could glass-eels negotiate the bar and meke progress
upstream, Accordingly, a high proportion of all movements took place
over the 'slack-water period.'



Table 3.10

Significant glass~eel catches from the Makara Stream

made during a tide change.

F.T. = flood tide, excluding the half hour prior
to high~water

HoWe= & hr = flood tide of the half hour prior to
high-water

H.W.+ % hr = ebb tide of the half hour after high-water

E.T. = ebb tide, exoluding the half hour after
high-water

L.We= & hr = ebb tide of the half hour prior to low-water

LeWe+ 3 hr = flood tide of the half hour after low-water

a 197

b 1972
Note: catches recorded over flood tide ( F.T.) and

ebb tide ( E.T.) periods represent varying time intervals.
Accordingly these tide periods are not directly comparable
in terms of effort and catches cannot be interpreted as

catches per unit time ( i.e, catch rates)



. N State of tide

Date 7.7, HoW, = 1/2hr HoW, ¢ 1/2hr E.T,
n % n % n % n %
72 88 73 21 17 6 5 3 5
8 175 58 50 17 50 17 25 8
20/9 5 22 5 22 I 16 10 40
268 (60%) 76 (17%) 60 (14%) 4 (9%)
6/10 7 32 10 O 5 23 2 5
7/10 19 76 3 12 3 12
19/10 L5 51 (3% 59
21/10 L 20 L 20 8 L0 L 20
75 (W3%) 14 (7%) 16 (9%) 7 (81%)
N 343 (55%) 90 (19%) 76 (12%) N4 (18%)
b 1972
Date B, T, LW, « 1/2hr LeWe # 1/2hr 2.7,
n % n o n % n %
31/7 1 N 23 96
14/8 5 23 16 N
16/8 4 10 14 22 40 68
30/8 3 3 104 97
1/9 b 5 3 I 69 91
15/9 I 3 20 1 142 86
29/9 3 10 8 28 17 62
17 (%) 54 (11%) 411 (89%)
16/10 9 24 1 2 33 7
27/10 137 61 43 19 40 18 L 2
10/41 27 36 39 54 10 13
24/11 26 63 10 25 5 12
27/11 8 17 25 5 12 27 1 2
181 (42%6) 133 (31%) 73 (17%) 43 (10%)

N 181 (20%) 150 (16%) 127 (14%) 454 (50%)
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On such occasions, when the ebb tide was initially too strong to
be stemmed by invading glass-eels, an interesting sequence was noted, As
the tide began to slacken, whitebait (Galaxlas spp. juveniles) would be
caught first, followed up to half an hour later, by glass-cels, It was
apparent that the whitebait were stronger swimmers than the glass-eels
end able to negotiate swifter ebb tides,

In summary, the above results indicate that glass~eels invading
early in the season do so on the flood tide, whereas late season eels
prefer to invade against the ebb tide., As previcusly stated, these
changes are considered indicative of different behaviourel responses,

Literature on other speeles of Anguilla indicates that invading
glass~eels are known to use flood tides for transport, Creutsberg (1958:
857) found evidence for the transport of glass-sels at sea by flood tide
streams, Although Deelder (1952: 206) initially found no relationship
between tidal flow and glass-eel movements at sea, he later concluded
(1960a: 3) that the eels were able to diseriminate between the tide
phases and used the flood tide for invasion, Similar movements, also
for glass-eels of A, anguilla, are recorded by Meyer and KBhl (1953: 90)
and Teseh (1965: 404). Matsul (1952: 232) notes invasion by glass~eels
of Ay Jeponica on the flood tide while Day (1941: 1) gives equivalent
information for A, rostrata., The data for the first half of the glasse-
eel season from lakara are in agreement with these observations,

In explanation of the observed seasonal change in preference by
Makara glass-eels, the behavioural changes given by Deelder (1958: 136)
should be recalled, He found that glass-eels which had delayed their
invasion by remaining in areas of low salinity, were more tolerant of
light, began to form schools and were attracted to flowing fresh~water,
It is at this stage that the vast freshwater migrations commence,

Those glass-eels caught early in the season, are at the stage
prior to their transition in behaviour, Thus they are carried into the
stream mouth at night on the flood tide and show no schooling tendencies.
It could be expected that the eels at this stage show little attraction
to pure fresh-water, and so some may leave the stream on the ebb tide,
but it was not possible to sample this, Those remaining in the stream
would then delay further upstream migration and stay in the estuarine
area until acclimatised to the new environment, As no glasse-eels were
found buried in the mud and small rocks of the edges of the lower
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estuary, it is thought that they acoumulate in the deeper areas of
directed tidal streams.

Glass-eels inveding late in the season show a partial change in
behaviour, No schooling tendencies were cbserved but the eels swam
ageinst the ebb tide and seemed more tolerant of light, Although
invasion still took place at night, it sometimes commenced during the
twilight period.

The nooturnal invasion by glass-sels has given rise to several
interesting theories among whitebait fishermen as to the spawning of
eels, As whitebaiting is confined to daylight hours, very few invading
glass-eels are ever caught by fishermen at river mouths, The lack of
schooling behaviour in the eels at this stage also decreases the chances
of catohing a large quantity at any particular time, In comtrast, large
runs of pigmented glass-eels often ocour further upstreem where they
may result in a temporary cessation of whitebaiting, a fact much
regretted by oommercial catchers, From these observations, the
conclusion often reached by whitebaiters is that adult New Zealand
fresh-water eels do not migrate to sea, but spawn in the river estuaries,
in a similar memner to whitebait (Galaxias spp.).

As previously mentioned, invading glass-eels were occasionally
caught during daylight hours at Makare, by whitebaiters, late in the
season, Apparently, these showed obvious pigmemtation, However, invasion
is essentially a nocturnal phenomenon, even for those eels arriving late in
season, These eels exhibit a positive hydrotaxis to flowing fresh-water,
as shomn by their invasion on the ebb tide, With the ebb tide, a
substantial amount of freshewater flows out to sea, Salinity measurements
at Makera on the ebb tide have been recorded st 5°/oo, imdicating a
considerable content of fresh-water, Experiments by Creutszberg (1961:
309), Miles (1968: 1597) and myself all indicate that attraction to freshe
water is not due to decreased salinity but rather some organic content of
the waters The amount of this substance would presumsbly inerease with
an increased volume of freshe-water,

It is suggested that adaptive changes in behaviour take place in
proportion to the length of postemetamorphic sea life, The explanation
for this longer post-metamorphic 1life of late season glassweels is dise
cussed later, but on this basis it can be assumed that such eels will have
undergone some behavioural changes prior to their entry into fresh-water.

The corollary tc the above is that the commencement of metamore
phosis initiates processes resulting in speeific morphological and
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behaviocural changes. This is important, as it might otherwise be
inferred from the observations of Deelder (1952) that the behavioural
changes occur in response to the proximity of freshewater, Consideration
of cerebral pigmentation illustrates the peint, The precocious
development of pigmentation on membranes surrounding the brein is in
contrast with the typical sequence noted in other fish larvae, The
appeerance of this pigmentation coineides with increased tolerance
towards light, Perhaps this development allows the brein protection
from direct light which could otherwise penetrate through the large
dorsal fontanelle, This fontanelle is readily seen in VB glass-eels
stained with aligarin dye., In this way, the behaviour of the eel in
response to light could be changed as 2 direct result of the process of
pigmentation, which in turn, is initiated by metamorphosis,

Two observetions by Deelder are of interest when discussing the
behavioural change suggested., Firstly, Deelder (1952: 210) found
different responses by invading glasse-eels to tidal streams at either
end of the dam enclosing the Yssel lLake, Peak invesions at the sluice
at the southern end of the dam took place on the flood tide, while the
most intense invasions at the northern sluice were on the ebb tide, He
concluded that correlation between invesions and tide phases at the
sluices was incidental, Unfortunately, no arrival dates are given but
it is known that the northern sluice is some 30km from the arsa where the
transition in behaviour occurs (Creutsberg 1961: 279), whereas the
southern sluice 1s approximately 4 lm., In view of my explanation, it
seems very likely that these cbservations are related to the later
arrival with subsequent behavicural change, of glass~eels at the northern
sluice,

The second observation was made by Deelder (1958: 140) when
discussing the reactions of invading glass-eels to freshwater: flows.,
Barly season glass-eels commenced their change in behaviour close to
the southern sluice, but a possible explanation for a stronger positive
reaction of late season glass-eels to freshewater "could be, that of the
elvers arriving in the course of the season more and more have started
their change of behaviour at an earlier phase", Unfortunately, he does
not discuss this poasibllity further,

Finally, as additional proof of the proposed change in behaviour,
some results from choice experiments can be given, These experiments
are fully discussed in a later section, but it was demomstrated that
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glass~eals invading late in the season, showed a preference to swim
into flowing freabewater rather than sea-water, This contrests with
results obtained by both Deelder (1958: 137) and myself for early
season glass-eels caught prior to commencing their transition in
behaviour,

Tidal Cyecle

The monthly lunar eycle is known to act as 2 biclogiecel clock
fer many of the recurring eycles found in nature, Lunar rhytims are
widely distributed throughout the invertebrates and vertebrates, and are
often quoted with reference to eel migrations, In the following section,
the catehes of invading glass-eels are investigated, to determine whether
any correlation with the lumar cycle, and hence tidal eycle, is svident,

The phases of the moon in relation to the 1974 and 1972 Makara
catches are shown in Figs, 3.9 and 3,10. These data are better expressed
over a period of 2 lunar moenth, based on the date of the new moon as day
gero (m Fig. 30"3)0

Thus, Figs 3+13 shows the 1971 catches, es numbers caught on |
successive days after the new moen, A largs peak is seen three days
after the full moon, with a further smaller peak at the new moon period.
However, 1% should be noted that this large pesk after the full moon
represents only one night's cateh, Also, the appearance of the full
moon does not bear & constant relationship with the new moon, and the
position indicated on the graph is approximate.

The 1972 figures are more reliable indicaters of anmy lunar
periodicity as they cover a period of six lunar months, and the total
catoh was greater than im 1971. In Pig. 3.13, the largest catches in
1972 appear to be during the neap tide periods but this relationship is
not strong, For both years combined the total ploture is confused, with
no c¢lear correlations,

To further examine the data for any perlodieity over the actual
spring and neap tide periods, Table 3411 was compiled. In this table
the position of sach entry was allocated ascording to its reletion %o
the date of the appropriate moon phase. This overcomes the approximation
of the appearence of the full moon as made in the previous lunar month
caloulations,

The table assumes a period of seven days between suceessive moon
phases, Where an eight day period ocourred, the catch was divided



Fige 3413 Makara Stream glass-eel catches, 1571 and 1972
expressed over a period of a lunar month,
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Table 3.11

Makara Stream glass-eel catches during spring and

neap tide periods for 1971 and 1972.

The days are given in relation to the moon phases

corresponding to spring and neap tide periods.




Days -3 -2 -1 0 +1 +2 +3 N
Spring tides 1971 5 87 74 138 32 167 305 808
1972 87 162 41 L 1 % 105 bk
= 92 249 115 L2 33 184 410 1222
Neap tides 197 Y § 3 2 98 110
1972 72 362 311 56 7% 212 104 1193
s 79 35 3N 56 7% 30 104 1303




&3

egually between the days either side - days minus three and plus three,
Day zero for spring tides represents full or new moon, while the same

day for neap tides indicates first or last quarter, Thus, a catch made
on the night prior to a full (or new) moon would be recorded in the minus
one day column of sgpring tides, Spring tildes increase to a maximum
height on the day of full or new moon, or perhaps the following day,

If the strength of invasion is directly related to this increased tidal
amplitude, the invasion itself should closely parallel the tide aycle,
building to a peak at or slightly after, the spring tide,

For 1971, the total cateh over the spring tide period far exceeded
that of the neap period, while the reverse was true for 1972, The totals
for both years combined show that the number of eels caught through both
tidal oycles was similar, From this it may be concluded that spring and
neap tides exert no differentlal influences on glass~eel invasion,

Although the data are not presented, no differing trends could
be seen when comparing early and late season catohes for spring and neap
tide periods. This is not unexpected as the time of high water at night
for both spring and neap tides is 2100-2130 hours which allows sufficient
time both before and after, for glass-eels to invade on the tide of their
choice,

The lack of correlation of invasion with the lunar cycle may, in
part be due to the small tidal range recorded at Makara, The mean spring
tide range 1s only 0.3 me However, Deelder (1952: 209) did not find any
direct relationship between invasion and epring and neap tides, He
congidered that any monthly cateh cycles were attributable to the period
of flow st the flood tide, Meyer and Klihl (1953: 87), aiscussing glass-
eel movement at Herbrum on the River Ems, found no correlation with phases
of the moon, and hence tide cycles, although 'runs' did take place on
floed tides at night,

d., Rainfall

Having established the different responses between eerly and late
season glasseeels, it might be predicted that a flood or fresh in the
stream late in season would provide an additional stimulus for invasion,
Conversely, increased freshwater flow early in the invasion seasen
should have little attraction,

Relnfall data for the Makara Valley were kindly supplied by the
Ministry of Works Soil Conservation Station, Quartz Hill, Makara,
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Distribution of rainfall throughout the 1971 and 1972 glass-eel
sampling programmes is shown in Figs 3,9 and 3,10 together with the
catches made, From this material the days with 10+ mm of rainfall

on which fishing took place were extracted., Any significant catches

on any of these nights were noted, In addition, nights when the stream
was recorded as running above normal level are incorporated in the
following analysia. The inclusion of these latter nights was necessary
as, although no rainfall may have fallen on any one day, the stream
could still have been swollen from rain on preceeding days.

The above data for both 1971 and 1972 appear in Table 3,12. A
negative sign in the 'stream swollen' line indicates that stream level
was normal, while a positive sign shows the stream was running high,
The bottom line in these tables gives the state of the tide, or if a
change occurred during the night, the phase on which the majority of
the catch was made. These tide phases are approximations, as the flow
of the flood tide was often greatly slowed or overcome by the increased
velocity of the swollen stream,

From the table, the 1971 data show significant catches occurred
on five out of the six nights when rain fell or the stream was swollen,
The total number of glass-eels, 215, represents only 2% of all
significant catches for the year. As anticipated, most catches during
the second half of the season were made on an ebb tide,

In 1972, significant catches were recorded on eight of the twelve
nights given, representing 52% of the grand total of all significant
catches, In the first half of the season, four large catches were made
during periods of increased flow, although predominantly on the flood
tide., The two large, late season catches were made on the ebb tide,
While the latter result is as expected, the former is not. As early
season glass-eels appear to show no attraction towards fresh-water, a
low probability of invasions during time of increased stream flow would
be expected,

From reference to the fishing diery kept it was found that the
ingreased flow noted for all five sucoessful nights in the first half
of the 1972 season, was not great, and that a definite flood tide took
place close to the predicted time, This contrasts with conditions on a
night when a greater 'fresh' wes running, such as 27 October. The diary
entry for the stream condition on this night reads: "Large fresh in
stream, Swift flow holding back flood tide except for few surges."



Table 3,12

Makara Stream glass-eels, Results from fishing on
nights of increased stream flow,
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