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Abstract
Johns, T.G., and Hickman, R. W. 1985: A manual for mussel farming

in semi-exposed coastal waters, with a report on the mussel research at Te
Kaha, eastern Bay of Plenty, New Zealand, 1977-82. Fisheries Research
Division Occasional Publication, N.Z. Ministry of Agriculture and Fisheries,
No. 50. 28 p.

The feasibility of farming green-lipped mussels, Perna canaliculus, in the
semi-exposed conditions of an open coastline was investigated. Mussel
farming equipment and mooring systems suited to the conditions were
developed and evaluated during the 5-year investigation. Aspects of mussel
biology (particularly settlement, growth, and condition index) relevant to
open coast farming were also studied. Procedures for establishing and
operating a farm in a semi-exposed site are described. These include site
and equipment selection and farming practices from settlement to harvesting.
The biology of mussels grown under the experimental farming conditions
in the eastern Bay of Plenty is described and discussed. A low profile mini-
longline with a maximum loading capacity of 9 t of mussels is recommended
as most appropriate for semi-exposed sites. Spatfall monitoring over several
years identifred potential spat catching areas and enabled commercial
quantities of spat to be caught and on-grown to marketable size (59- to 109-
mm shell length) ín 12-22 months. The condition of the mussels was high
for at least 5 months of the year.

lntroduction

An abundance of sheltered coastal water lwas

probably the single most important factor favouring
the development of mussel farming in the
Marlborough Sounds. However, conflict over the
many alternative uses to which such waters can be
put \¡/as a significant factor in the initially slow
expansion of the industry.

Intense interest in mussel farming during the late
1970s, and an increasing awareness that limitations
would need to be put on the spread of mussel farms
in the Sounds, stimulated discussion of the
suitability of other,less sheltered, waters for mussel
farming. In response to the widespread interest and
the mounting pressures on the most sheltered
stretches of coastal water around New Zealand, the
Ministry of Agriculture and Fisheries (MAÐ
initiated a programme to investigate the possibility
of farming greenJipped mussels (Perna canaliculus)
in semi-exposed situations, on an open coastline,
in an area free from competition with blue mussels
(Mytilus edulis aoteanus).The Te Kaha Aquaculture
Station provided the base for this research, which
was started by Fisheries Management Division in
early 1977 and continued by Fisheries Research
Division from February 1978 to May 1982.

This manual details the methods and equipment
developed during the programme. It outlines the
operations and techniques of mussel farming in

semi-exposed conditions and describes the
development of a commercial mussel farming
operation from site selection to harvesting. It
provides guide-lines for establishing and operating
a mussel farm in exposed conditions, and it should
be used in conjunction with the standard text on
New Zealand mussel farming, "Mussel Cultivation
in the Marlborough Sounds (New Zealand)"
(Jenkins 1979)*. Other published information is
documented in Hickman (1983) and can also be
found in New Zealandjournals such as Catch (and
its quarterly supplement Shelffisheries Newsletter),
Commercial Fishing, and the N.Z. Fishing Industry
Board Bulletin.

The report on the research at Te Kaha describes
and discusses the results of the mussel farming
experiments during 1977-82. Although these results
are speciûc to the eastern Bay of Plenty study area,
they are included in the manual because they are
indicative of the results likely to be obtained at
semi-exposed mussel farming sites throughout New
Zealand, and they are the basis for the guideJines
and recommendations given in the manual.

* This publication is being revised and a second edition is
expected in 1986. Throughout this manual, references are made
to specific sections ofJenkins (1979), and these may differ in
the revised edition.



Mussel farming in semi-exposed coastal waters

Site selection
Careful site selection is essential for any mussel

farm, but perhaps more so in exposed coastal areas.
It is important to know the typical weather patterns
and normal sea conditions and be aware of the
extremes which may be experienced.

The following criteria should be considered, and
the potential site should be examined under as wide
a range of environmental conditions as possible.

l. Shelter. Some shelter from the prevailing wind
is essential to permit the equipment to be
maintained on site and the site to be worked
as often as possible.

2. Sea conditions. Maximum wave height and
prevailing direction will determine the type of
equipment and its size and construction.

3. Current. A minimum requirement of for
example, 0.I knots (kn) (0.05 m/s) movement
at some stage of the tide is unlikely to be a
problem in exposed situations, but too great
a flow, for example, over I kn, will necessitate
heavier mooring syst-'ms and could lead to
problems in farm management pracuces.

4. Water depth. A minimum of 6 m at low water
spring tides is necessary to provide clearance
between the ropes and the sea bed for the
standard 5-m culture ropes; in depths over 20-
25 m establishment costs will be increased
because longer anchor lines and possibly
heavier mooring blocks will be needed.

5. Bottom type. The composition of the sea bed

- whether it is mud, sand, gravel, or rock -will determine the type of mooring block or
anchor required.

6. Access. Ease of access to the site and the
distance over which servicing and harvesting
vessels must travel are signifrcant factors in
the amount of productive time which can be
spent at the farm and the overall economics
of the operation.

Application procedure
Marine farming is regulated under the Marine

Farming Act l97l and its 1975, 19'76, and 1977
amendments. The Act is administered by Fisheries
Management Division, but the granting of a lease
or licence requires the concurrence of the Ministry
of Transport (MOT). Applications for marine
farming leases or licences are handled at the regional
level. The initial approach should be made to the
appropriate MAF regional office, which can supply
general information and the application form
(Anon. l98la, l98lb). Prospective mussel farmers
should be fully conversant with the Act and these
procedures before starting an application.

Equipment
During the research at Te Kaha several systems

and items of equipment '¡/ere developed and
evaluated in an attempt to design a suspension
structure and anchorage system suited to the
exposed situation and able to withstand the adverse
wind and sea conditions.

Initial attempts with a longline system composed
of the large (250 kg displacement) floats used on
Marlborough Sounds mussel farms were
unsuccessful. The substantial resistance offered by
the large area of buoy exposed to the wind made
the unit (of nine buoys) highly vulnerable, and it
was driven ashore in a westerly gale after only 2
weeks in the water. Subsequent structures were
designed with a low profrle and a single mooring,
so that they offered minimal wind resistance and
allowed the structure to adjust to prevailing weather
and sea conditions.

A prototype raft measuring 3 x 2 m was built
from tanalised timber with polystyrene floatation
and anchored, by a single mooring to a concrete-
filled tyre, about 300 m off the Te Kaha shoreline
in August 1977. This raft remained on site until
March 1978, when its centre span broke. It had
survived several periods ofbad weather and proved
in principle the suitability of the low proflle design.
Three rafts were subsequently built to the same
basic design, but they varied from 5 X 2.5 m to
7.5x3m.

In September 1980 the buoyed line suspension
system was evaluated further by the deployment of
a mini-longline composed of a series of small floats
supporting a single headline to which could be
attached the mussel culture ropes or droppers. The
performance of this unit, and similar miniJonglines
subsequently deployed, was recorded up to the end
of the project in May 1982.

Rafts
The 1977 prototype raft at Te Kaha provided the

basic design for a standard low profile unit suitable
for semi-exposed sites. The standard design is
composed of a 5- X 3-m rectangular framework built
from 100- X 50-mm tanalised timber supported by
four 5-m lengths of 300- X 175-mm polystyrene
(Fig. l). The polystyrene is supported and protected
by 25-mm-thick planks top and bottom, and the
whole raft is fastened together with galvanised bolts.
The centre span is 6.5mx200x l50mm and
projects forward from the framework and provides
the attachment point for the mooring. Material and
construction details for the standard raft are shown
in Fig. 2, and a costing for the unit is given in Table
L The framework and floatation units were
assembled separately. The frame was then attached
to the centre span, and the floatation units were



bolted to the framework. The whole structure can
be assembled by two persons in I day. The loading
capacity of the raft was calculated from the
displacement provided by the four polystyrene
floatation units and by using an average value for
the weight of a rope of mature mussels which was
derived from mussel farming observations in the
Marlborough Sounds (see Jenkins 1979, pages 5l-
52) (Table 2).

Mini-longlines
30-m unit. The first miniJongline established at

Te Kaha, in September 1980, consisted of a 30-m
length of l6-mm-diameter headline, supporled at
0.5-m intervals by 60 small (200 mm diameter)
polystyrene floats threaded on to the line (Fig. 3a).
At the usual spacing of 0.5 m for the culture ropes
the unit would be able to carry 60 ropes. Further
floatation would need to be added as the size and
weight of the mussels increased. Although the
polystyrene floats have a low capital cost, they also
have a limited life, because the headline tends to
chafe through the polystyrene as the increasing
weight of the mussels drags it down. The chafing
can be reduced by inserting a length ofplastic hose
pipe through the hole in the float before it is
threaded on to the headline. These floats were
subsequently discarded in favour of more costly,
but more durable, inflatable plastic buoys (Fig. 3b).

40-m unit. Most of the mini-longlines used during
the Te Kaha experiments consisted of a 40-m-long
headline of l6-mm-diameter carbon black
polypropylene rope, with a galvanised thimble
spliced into each end, supported by 30 small (13 kg
displacement) inflatable plastic buoys spaced at
1.35-m intervals. The 40-m units were aligned into
the prevailing wave direction and anchored at either
end to 220-kg concrete mooring blocks by 24-mm-
diameter polypropylene lope (length three times the
depth) and 5 m of 20- or 24-mm black chain. Twin
anchor lines to separate mooring blocks may be
required for the forward mooring in more exposed
situations.

Fig. l: The standard 5- x 3-m mussel raft.
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Fig. 2: Construction details for the standard 5- x 3-nl raft.



The 40-m longline is theoretically capable of
carrying 80 culture ropes at the usual 0.5-m spacing.
Additional floatation to support the weight of the
mature mussels is supplied in the form of large
(55 kg displacement) inflatable plastic buoys, which
are lashed with l0-mm rope to the headline between
the smaller floats. These buoys are added gradually
as the weight of the crop increases. In practice the
spacing between culture ropes should be increased
to 0.75 m to prevent any possibility of the ropes
tangling under the more turbulent conditions of
these semi-exposed experimental farming sites. At
this spacing the 40-m unit can carry up to 53 culture
ropes.

60-m unit. Near the end of the project the 40-m
mini-longline was superceded by a 60-m unit with
only the large, 55-kg-displacement floats, rather than
a combination of smaller and larger floats. It had
been found that by the time the 40-m unit was
carrying about 75olo of its optimum crop weight the
smaller (13 kg) floats were totally submerged. For
the 60-m unit the headline diameter was increased
from l6 to 24 mm thus the same thickness of rope
was used for both the headline and the anchor lines.
This longer line, with its larger floats, performed
satisfactorily under load in various weather and sea
conditions with single fluke, pick-type anchors fore
and aft.

TABLE I: Materials and costs (as at l\Iay 1983) fo¡ construction
of the standard 5- x 3-m raft for mussel cultu¡e

'':-:; ''"'..u'-'"-

-:::!1- 
::

TABLE 2: I-oading capacity of the standard 5- X 3-m rafl

Cost ($)

r 15.60
86.00
77.61

l 06.5ó
t t 4.97
t07.20
60.00

3l 2.00

70.00
64.00
42.00

2 50.00
20.00
60.00

100.00
15.00
60.00

Capacity
(ke)

I 765
550

I 2t5
243
972

1 12.5*
28.0*

3 937.5

Timberx
40 m of 300 x 25 mm @ $2.89/m
50 m of 100 x 50 mm @ $1.72lm
6 5 m of 200 x 150 mm @ $l1.94lm

Rope and chaint
72 m of 24-mm polypropylene anchor line @ 51.48/m
I coil (220 m) of Christmas tree rope
I coii (220 m) of l2-mm carbon black rope
I coiì (l 000 m) of 3-ply lashing
l0 m of 20-mm black chain @ $31.20lm

Miscellaneous

20 m of 300- X I 75-mm polystyrene
8, 24-mm black shackles @ $8.00 each
6.24-mm galvanised thimbles @ $7 00 each
Bolts (galvanised) of various sizes
Brackets for anchor attachment
Flashing light
2. 500-kg mooring blocks (home-made)
50 weights for culture ropes
I box (l 000 m) of reseeding stocking

1.660.94

* Tanalised, dressed timber is used throughout, except for the
200- x 150-mm centre span, which is rough sawn.

I A water depth of 8 m is assumed; so 24-m anchor lines and
6 m of chain forward and 4 m of chain aft are needed. Twin
anchor lines forward attâch to a single 500-kg mooring block;
the singìe anchor line aft attaches to a 500-kg mooring block.
Christmas tree rope is used for spat catching, l2-mm carbon
black rope for reseeding, and 3-ply lashing for attaching the
culture ropes to the raft.

Fig. 3: Experimental mussel longlines; (a) a prototype mini-
longline using polystyrene for floatation, (b) a mini-
longline using inflatable plastic buoys for floatation.

Total displacement from 4, 5-m polystyrene
floats (each 5.0 x 0.3 x 0.175 m)

Total weight of raft
Therefore, available floatation
200ó margin for safety
Therefore, usable floatation
Average weight of a 5-mJong culture

rope of mature (100 mm) mussels at
oprimum density (300/m)

Therefore, carrying capacity of raft is
972 + 28 : 34.7: i.e., 35 ropes

Therefore, production capacity of raft
(35 x 1 12.5)

* Derived from Jenkins (1979).

\ in air
J ln water



Materials and design details for the standard
60-m mini-longline are shown in Fig. 4. The loading
capacity of the unit, based on the same mussel data
used for the standard raft loading estimate, is given
in Table 3, and a costing is outlined in Table 4.
This information, with appropriate adjustments for
numbers of culture ropes and numbers of floats,
can be used to determine the loading capacity and
costs for the smaller, 40-m units.

The 60-m mini-longline gives a 33o/o increase in
optimum crop loading over the 40-m unit.

The miniJongline design (up to 110 m long) is
accepted by the MOT as a suitable structure for
mussel farming in the eastern Bay of Plenty.
However, for any unit over 60 m long, or for 40-m
units in more exposed sites, it may be necessary to
use heavier mooring blocks and at least 24-mm
chain.

TABLE 3: Loading capacity of the standard 60-m mini-longline

çunffi

The 60-m unit can carry 80 culture ropes (at 0.75-m spacing)

Average weight of a 5-mJong culture
rope of mature (100 mm) mussels at
optimum density (300/m)

Therefore, weight of 80, 5-m culture
ropes

Therefore, floatation required for crop
20% margin for safety
Therefore, total floatation requirement

50 of the 55-kg displacement floats spaced at 1.2-m intervals
along the 60-m headline will provide 2750kg of buoyancy;
adequate for the optimum crop, with a slightly more than 20%
safety maryin.
* Derived from Jenkins (1979).

TABLE 4: Mate¡ials and costs (as at May 1983) for construction
of the standa¡d 60-m mini-longline fo¡ mussel cultu¡e

Rope, chain, and floats*

Cost ($)

l 06.56
96.20

tt4.97
107.20
ó0.00
60.00

1,650.00
3 r 2.00

64.00
s6.00
60.00

100.00
20.00
60.00

2,866.93

* A water depth of 8 m is assumed; so 24-m anchor lines and
6 m of chain forward and 4 m of chain aft are needed. Twin
anchor lines forwa¡d attach to a single 500-kg mooring block;
the single anchor line aft attaches to a 500-kg mooring block.
Christmas tree rope is used for spat catching, 12-mm carbon
black rope for reseeding, 3-ply lashing for attaching the culture
ropes to the headline, and l0-mm rope for attaching the floats
1o the headline. Culture ropes are spaced at 0.75-m intervals.

72m of 24-mm anchor line @ $1.48/m
65 m of 24-mm headline @ $1.48/m

coil (220 m) of Christmas tree rope
coil (220 m) of 12-mm carbon black rope
coil (1 000 m) of 3-ply lashing
corl (220 m) of lO-mm rope

50, 55-kg inflatable plastic buoys @ $33.00 each
10 m of 20-mm black chain @ $31.20lm

Miscellaneous

8, 24-mm black shackles @ $8.00 each
8, 24-mm galvanised thimbles @ $7.00 each
Light
2, 500-kg mooring blocks (home-made)
80 weights for culture ropes
I box (l 000 m) of reseeding stocking

Moorings
Two different types of mooring were used during

the project. Ã 220-kg concrete block was suitable
for use on sand or mud bottoms, where it gradually
embedded itself into the sea bed until only the
anchor chain was visible. A single fluke, pick-type
ancho¡ was locally available and was satisfactory
for both sand and gravel bottoms. The use of this
type of anchor requires that a diver inspect it
immediately after it has been laid to ensure that
the single fluke is firmly embedded in the substrate.

These two types of mooring were successful for
both rafts and longlines. The few failures in the
mooring systems which occurred during the
research resulted from broken anchor ropes - the
moorings remained frrmly embedded in the sea bed.

At least 5 m of 20- or 24-mm chain was used for
all moorings, though 3 m may be sufficient for the
aft mooring of a longline in fairly sheltered
situations or if a pair of moorings is used forward.
Connections between the headline, anchor lines, and
moorings were by galvanised thimbles and 20- or
24-mm shackles; shackle pins were wired to prevent
them from working loose.

A 500-kg mooring block suitable for use with a
60-m mini-longline could be made as a scaled-down
version of the 2.5-t blocks used in the Marlborough
Sounds (Fig. 5). Although this wedge-shaped design
is untried in the eastern Bay of Plenty, experience
in the Marlborough Sounds suggests that it would
have excellent holding capabilities if it was properly
aligned and pulled into position, so that it was
firmly embedded when initially placed on the sea
bed. The design of the block is critical; for example,
the pulling eye should be one-third of the distance

S¡de view of longl¡neoo 6'Ðo,\-/ \l_/ L__\l____-\-Z¿--

l--'.2. -l , Õ.75 m rri
Culture rops 6paclng

r2.5mr l2õml
tt-rr

Mooring system

\ in air ll2 5*

J in water 28 0*
\ in air 9 000

J in water 2 240
2 240

448
2 688

Forward moorin0

0 m ol 20-mh
chal¡

Aft moor¡ng
f26m--1

þ z.c"-!

4 m ol 2o-hm
ch¡tn 5OO{g

Fig. 4: Construction details for the standard 60-m mini-
longline.



from the top surface - if it is too low, the block
will lift out, if it is too high, the block will tilt over.
The concave bottom helps locate the block's leading
edge and provides suction once the block is
embedded. The lifting eye must be oflcentre
towards the rear, so that the block tips forward
during placement. Reinforcing rod spikes may be
incorporated into the block to enable it to function
effectively on hard bottoms.

No precise specifications can be recommended for
mooring systems in view of the many variables
between potential farming sites. Other types of
mooring block may be satisfactory. The prospective
farmer must ensure that the mooring system is
appropriate to the type of sea bed and the degree
of exposure and, most importantly, is capable of
holding a fully loaded longline under the most
adverse weather conditions that can occur in the
alea.

As a very rough guide-line, the typical longline
mooring block used in the Marlborough Sounds for
a I lO-m longline is a 2.5-t wedge-shaped concrete
block. If a maximum crop loading of 50 t is
assumed for the longline, this gives a 20: I ratio
between crop weight and anchor weight. To achieve
a similar ratio for the standard raft and mini-
longline, based on the production capacities given
in Tables 2 and 3, the mooring blocks should be
200 kg and 450 kg respectively. Therefore, twin
forward anchor lines to one 500-kg mooring block,
as suggested for the standard miniJongline, should
provide sufficient anchorage, with an adequate
safety margin, for the maximum crop. Twin anchor
lines to a pair of 22}-kg-mooring blocks would
barely meet the 20: I crop to mooring ratio,
whereas a pair of 500-kg moorings forward should
provide a substantial safety margin, even under the
most exposed conditions. Some mussel farmers in
the Marlborough Sounds, with farms in areas with
stronger currents, use 4-t mooring blocks, which
give a 12.5: I ratio between crop weight and
mooring weight.

Evaluation of rafts and mini-longlines
During the project the rafts and mini-longlines

were subjected to very diverse weather and sea
conditions, ranging from periods of extreme calm
to swells of up to 5 m and winds of up to 50 kn
(recorded during the passage of cyclone Sina
through the eastern Bay of Plenty in March 1980).

The low profrle rafts designed and built
specifically for this project \¡/ere acceptable
supporting structures for mussel farming in semi-
exposed situations. These rafts have the advantage
of providing a working platform, but they also have
several disadvantages:

l. 'l'he single mooring, intended to permit the
raft to adjust to the prevailing wind and sea
conditions, may also allow the raft to drift over
the anchor line during calm weather and slack
water, with the consequent tangling of the
culture ropes around the anchor line. This can

be resolved by providing a second (aft)
mooring to angle the raft permanently into the
prevailing wind and sea conditions.

2. Even with the low profile system the violent
movement of the raft during adverse
conditions can severely strain the forward
anchor line, cause significant wear on the
shackles and thimbles, and chafe the ropes.

3. Over an extended period the unprotected
polystyrene tends to become waterlogged,
which reduces its buoyancy. In addition, the
300- x 25-mm tanalised timber supporting the
floats is prone to attack and destruction by
wood-boring shipworms (Bankia and Lyrodus
species). During the 3 years one of the rafts
spent in the water at Te Kaha, shipworms
virtually hollowed out the 300- x 25-mm
timber, though the framework of the raft itself
was mostly untouched.

Rclnforclng mgsh cut aa por dlagram
2 ploceE 525- x 300- x 75-mm mesh s¡zo
I plece 525- x €O0- x 75-mm melh slze
Fronl oyo runr beck into côntro ot block
through rehlorchg qnd b woldod
75-mn molh llzo b uled to glve
concreto gxtra Btronglh

Phn of pulllng and ley¡ng 6ys
lor moorlng block, conslruct€d
trom 50-mm reinforclng rod

25-mm reinf orcing stool spikes i-l5o mm-l
for hard soa bed, such as gravel I I

Fig. 5: Construction details for a 500-kg mooring block.
(Drawn from data supplied by J. L. Meredyth-Young.)
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The mini-longline system evol'ved during the
project was highly suitable for the conditions. The
system has several advantages over rafts:

1. The low profile streamlined system presents
minimal resistance to weather and sea,
particularly when oriented into the prevailing
conditions. The much smoother movement of
the longline as it rides the waves places much
less strain, and causes much less wear, on
anchor lines, shackles, and thimbles.

2. The longline unit is much lighter, more easily
transported, and much easier to construct and
set up than the raft unit.

3. Whereas the total quantity of buoyancy has
to be provided for the raft during construction,
it can be added gradually to the longline to
maintain minimum floatation, consistent with
crop weight and safety, throughout the growing
period. This permits more economic and
versatile use of available floatation.

4. Virtually all the floatation provided in the
mini-longline system is available to support
the crop, whereas a signifrcant proportion of
the buoyancy of the raft (about 300/o for the
standard 5- X 3-m raft) is required to support
the raft structure itself.

5. With the experience of the longlines in the
Marlborough Sounds, the MOT accepts the
longline design as an appropriate mussel
farming structure, up to a maximum length of
110 m. Ministry of Transport acceptance of a
raft design requires that it be drawn up and
certifred by a qualified structural engineer,
which can be time consuming and expensive.

From the results of the Bay of Plenty experiments
the mini-longline system is recommended as a more
appropriate mussel farming structure in exposed
conditions. The 60-m mini-longline is considered to
be a suitable size unit for initial mussel farming
attempts in terms of costs, carrying capacity, and
ease of operation.

Substantial improvisation is possible, particularly
in the type and arrangement of the buoyancy. This
allows the individual farmer to optimise his
production and to use the best farm management
practices. However, it is considered fhaÍ. the
specifrcations provided here for construction of
miniJonglines, rafts, and moorings are the
minimum consistent with safe operation under
semi-exposed conditions.

Other equipment
Culture ropes. Several types of culture ropes are

readily available for catching and on-growing
mussels. The so-called Christmas tree rope (Fig. 6)
has particularly good catching and retaining
characteristics for mussel spat. This rope, which is
three-strand, l2-mm-diameter, carbon black
polypropylene, has one ofthe three lays covered in
fibrillated sacking offcuts, which effectively increases
the diameter of the rope several times when it is

immersed in water. It is used extensively by mussel
farmers in the Marlborough Sounds. Culture rope
length is best determined by the farmer after various
lengths have been evaluated at the farm site. The
preferred length on most farms in the Marlborough
Sounds is 5 m, but longer or shorter ropes may be
appropriate to particular farm sites.

Fig. ó: Christmas tree rope.

Weights. Weights must be attached to the lower
ends of all culture ropes when they are initially set
out on the longline or raft. The weights keep the
ropes suspended vertically in the water column,
which prevents tangling of the ropes and chafing of
the young mussels. This is particularly important
in the turbulent water conditions of more exposed
sites. The weights may be removed once the mussels
have attained sufficient weight (after about 9
months).

Weights can be conveniently and cheaply made
from concrete-frlled 600-ml cardboard milkshake
cups, into each of which is inserted a short length
of wire or rope to attach the weight to the culture
rope. Galvanised wire has only a short lifespan once
the galvanising is cracked, which happens as soon
as the wire is bent. The use of stainless steel wire
or rope offcuts makes the weights much more
durable.

Marine farm lights. Ministry of Transport
regulations (Anon. 1980) require that all marine
farms exhibit a quick-flashing yellow or white light,
visible all round the horizon at a raîge of not less
than 800 m (Anon. l98l). The mussel farmer will
be informed by the MOT of the number of lights
required on his site.

Several commercially made lights are available,
but a farmer could easily build his own after buying
only the flashing unit. Specifications and
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construction details for the type of flashing light
used during the Te Kaha experiments are shown in
Fis. 7.

Mussel stocking. To enable mussels to be re-
attached to ropes after they have been stripped off
for thinning (see page l5), a mesh stocking has been
developed. The knitted, cotton-mesh tube is made
in New Zealand and is supplied in various
diameters from 50 to 100 mm (Fig. 8). It is designed
to rot away in sea water, so that the mussels attach
to a rope inserted down the centre ofthe stocking.
The life of the stocking can be extended by including
polyester in the knit with the cotton. In addition,
a fully synthetic stocking has been made from the
black polypropylene used for mussel ropes, and it
can be used for seed mussels without a culture rope.

Fig. 7: Construction details for a mussel farm light

Service vessels. Two vessels were used extensively
at Te Kaha during the project - a 4.0-m aluminium
dinghy and a 6.7-m aluminium jet boat. Both were
satisfactory, though the dinghy could be used only
in calm conditions. There are no precise rules for
service vessel design and individual farmers will
have different requirements. Many different vessels
have been used in the Marlborough Sounds mussel
farming industry (see Jenkins 1979), and, recently,
vessels have been designed and custom-built for
mussel farming (Fig. 9). The mussel farmer will need
to consider safety and weather and sea conditions,
as well as the sort of mussel farming work involved
at these semi-exposed sites, before making any
decision about the type of vessel required.

Fie. 9: Aluminium, catamaran-style vessel. cuslom-designed- for mussel farm operations iir the Marlborough Sounds.

Farm establishment
In semi-exposed areas sites for mussel farming

should be as sheltered as possible from the
prevailing weather. Several sites in the eastern Bay
of Plenty were investigated during this project
before those considered to best meet this criterion
were determined. Local knowledge is invaluable for
this preliminary evaluation.

The procedure for applying for a marine farming
lease or licence is clearly explained in the MAF
leaflets Fishdex No. I0 and Fishdex No. 12 (Anon.
l98la, Anon. l98lb), which outline the MAF and
MOT requirements.

There are no established rules or
recommendations for mussel farm layout in
exposed situations. The typical arrangement for
Marlborough Sounds farms - a 3-ha (150 x 200 m)
rectangular site with up to twelve I l0-m longlines
oriented parallel to the shoreline - may not be the
most appropriate layout for more exposed sites.

Orientation of the marine farming structures into
the prevailing sea and weather conditions is
advisable, and an initially cautious approach in
respect to size and spacing of the structures is
strongly recommended.
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Fig. 8: Cotton mesh reseeding stocking.



From the results of the Te Kaha project, farm
sites of 3-6 ha seem appropriate to semi-exposed
conditions. A possible site layout for the Te Kaha
study area (Fig. 10), based on the use of up to 10,
60-m mini-longlines per site, is given as an example
for semi-exposed situations. The 15- to 20-m
spacing between lines will allow ample room for
service vessels and for lateral movement of the lines
during rough weather. This layout provides for eight
separate licensed areas varying in size from 3.3 to
4.8 ha, with one site reserved for communal spat
catching longlines. The detailed arrangement of a
farm in a semi-exposed situation must be site
specific and will be determined through consultation
between the farmer and the controlling authorities
(MAF and MOT) after consideration of the site
selection criteria.

Farm operat¡on
There are three phases in the mussel farming

operation: firstly, the farm must be supplied with
spat or seed to stock the culture ropes; secondly,
the mussels must be gro'wn to a size suitable for
marketing; and thirdly, the crop must be harvested.

25O m

Settlement monitoring
Mussel larvae are commonly found in the

plankton of most coastal waters for most of the year,
and there is probably some settlement throughout
the year. However, there are seasonal peaks of
settlement which vary annually and locally. If a

farmer can both catch and grow his mussels in his
licensed area, his seed supply operation will be
much simpliûed.

Settlement monitoring is essential
commercial spat catching operation

for
in

the
the

Marlborough Sounds, and MAF publishes a weekly
"Mussel Spatfall Bulletin". Settlement patterns in
exposed farming sites must also be known if local
spat supply is to be used.

The technique for settlement monitoring by use
of plastic tubing I-frames (Fig. I l), which hold one
or more lengths of catching material and are usually
immersed for 7 days, and the examination and
counting ofthe settled spat has been described (see
Jenkins 1979,page 2l). However, Jenkins described
the use of strands of coir as the monitoring material,
whereas Christmas tree rope is now used because
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Fig. I l: Plastic tubing l-frame spat collector, with a 200-mm
length of Christmas tree rope as a settlement monitor.

it has become the standard commercial spat
catching material for the Marlborough Sounds
mussel industry. I-frames should be suspended at
various depths to determine the optimum spat
catching depth. By immersing several lengths of
Christmas tree rope on a single I-frame, and by
subsequently examining them at varying time
intervals, an assessment of survival and initial
growth of the spat can also be made.

Experience in the Marlborough Sounds suggests
that counts in excess of 80 settled mussel spat per
200-mm length of Christmas tree rope are necessary
for spat catching on a commercial scale.

The settlement period in the Marlborough Sounds
is long; it begins in October and continues until
about June, usually with a major peak towards the
end. In other areas the settlement period may be
longer or shorter, and in the Bay of Plenty, major
settlements occurred from May to September, but
in different months in different years. Therefore,
the settlement period will need to be determined
over several years before a reliable pattern can be
established.

Spat catch¡ng
Observations over many years in the

Marlborough Sounds have shown that the
topography, hydrology, and local weather patterns
of a site will determine whether it 'will be suitable
for spat catching. As the settlement period may be
only a few weeks long, spat catching ropes must be
set out as soon as high counts of spat are recorded
by settlement monitoring. Catching ropes 5 m long
are doubled up and tied together in bundles of 5-
l0 before being hung in the water on a suitable
length trace (Fig. l2). Doubling the ropes facilitates
handling, permits a weight (needed to sink the very
buoyant rope) to be readily attached at the bottom
of the loop, and keeps all the iope in a fairly narrow
depth range, which is important because there is
usually a 2- fo 3-m zone of maximum settlement.

V/ithin 6-8 weeks of a successful spat catch, when
the spat are 2-4 mm long, depending on the time
of settlement, the bundles should be separated out
and the ropes re-suspended, still doubled up, but
not in bundles, on the raft or longline. At this stage

Fig. l2: Bundles ofculture ropes prepared for spat catching.

the ropes can be hung more closely than they would
be for the ultimate optimum spacing, particularly
if they are heavily settled, because they will require
further handling.

Frequent surveillance of the catching ropes is
essential, so that the bundles can be separated (and
transferred to the farming site if this is remote from
the spat catching area) as soon as possible to:

L minimise problems caused by the spat
migrating and concentrating on the outside
ropes of the bundles, thus leaving the inside
ones with insufficient settlement;

2. minimise the weight and bulk of the ropes
when they are being handled;

3. minimise losses of larger spat, which tend to
be easily detached from the ropes;

4. permit early diagnosis of failure to secure a
successful catch and/or the presence ofa non-
viable catch, in which the spat fail to grow.

If the catch is unsuccessful, the bundles of ropes
must be removed from the site and reconditioned,
by drying in air or washing in running fresh water
for 2-4 days, before being re-used.

Kaitaia seed
An alternative source of seed, the so-called

Kaitaia seed, was discovered in 1974 (Hickman
1976), and it has become increasingly impoftant to
the mussel farming industry. Seaweed, heavily
encrusted with minute seed mussels, is gathered
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from Ninety Mile Beach, Northland and transferred
to the Marlborough Sounds for seeding on to culture
ropes. The seaweed strandings occur irregularly,
probably because of particular weather conditions
(Hickman 1980, 1982a), and this source of seed is
therefore unpredictable. However, the ease with
which the seaweed can be transported (by air in
sealed plastic containers) and the prodigious
quantities of seed which are attached to it (sufrcient
in a single 20-litre bucket to seed out a full llO-m
longline) make this material an extremely valuable
alternative to in situ spat catching.

Although the Kaitaia seed will remain viable out
of water for 2-3 days if kept cool and damp, it
should be seeded on to culture ropes as soon as
possible. Seeding is effected in a similar way to the
reseeding of small mussels (see below). The smallest
diameter cotton mesh stocking is used and the weed
is spread as thinly as possible along the rope, which
may be doubled at this stage and subsequently
separated out to reduce the seeding density. A
synthetic mesh stocking, made from the black
polypropylene used to make mussel rope, is also
suitable for the initial on-growing of Kaitaia seed.
The seaweed is simply fed into the stocking, if
necessary with some packing material to reduce the
stocking density and prevent the meshes closing up.
This stocking provides sufficient support for the
mussels up to the reseeding stage without the need
for a culture rope.

The seed-encrusted seaweed is gathered, as soon
as possible after it has been stranded on Ninety
Mile Beach, by several commercial operators.
Information on how to obtain this spat is available
from the Kaitaia ofrce of Fisheries Management
Division.

Reseeding
The density of settlement of mussels, whether on

collectors or on spat catching ropes, will vary
between sites, years, different settlement periods in
the same year, and even different ropes in a bundle.
To overcome this variability and obtain the
optimum settlement density on the culture ropes,
it will almost invariably be necessary for the farmer
to reseed his ropes at some stage in the farming
cycle.

Reseeding is done by stripping the small mussels
(ideally when they are 15-20 mm long) from the
catching ropes and redistributing them at the
optimum density of 200-300 mussels per metre on
to the 5-m culture ropes. Reseeding stocking is
stretched over a 300-mm length of PVC tube, of
appropriate diameter, installed in a small fable (see

Jenkins 1979, Fig. 38). After a knot is tied in the
end of the stocking it is pushed down through the
plastic tube by means of the doubled-up 5-m culture
rope around which it forms a sleeve. At the same
time, the small mussels are fed into the tube
between the stocking and the rope. The seeding
density is determined by initially counting out the
optimum number of mussel seed (1000-1500) for

the frrst rope and by using the appropriate diameter
stocking (50, 80, or 100 mm) for the size of mussels
being reseeded. The quantity of seed required for
subsequent ropes can be estimated by volume.
Maintaining tension on the stocking as it is pushed
down through the tube will help to give an even
distribution of mussels along the rope. The reseeded
rope, doubled up and knotted at each end and with
a weight attached at its mid point, is hung f¡om the
raft or longline by a short expendable length of
three-ply polypropylene mussel lashing.

If the small mussels are not thinned and reseeded,
but are left to grow in high density, their growth
¡ate is reduced and there is noticeable variation
between individuals on the outside and those on
the inside of the clumps of mussels.

Reseeded ropes should be checked frequently to
see if the mussels have re-attached to the culture
rope and to note any frsh predation, because the
mussels seem to be more prone to predation when
they have been disturbed. Ifpredation is occurring,
preventive measures (see below) may be necessary.

Fouling and predation
Fouling of the mussel ropes and of the mussels

themselves by competitive organisms is a potential
problem at all mussel farming sites. Solitary
tunicates (sea squirts), acorn and goose barnacles,
and hydroids are the most likely fouling organisms
in semi-exposed sites. They will attach and grow
readily on any bare rope, on weights, or on the
undersides of floats. A well-settled rope of mussels
is generally less heavily fouled, possibly because the
mussels fllter out the settling stages of the fouling
organisms, but the longer the mussels remain in the
water the greater will be the fouling.

Experience in the Marlborough Sounds suggests
that the critical periods for fouling are:

1. between setting out the catching ropes and
making a successful catch of spat, when fouling
can interfere or prevent mussel settlemen!

2. immediately after settlement, when the fouling
organisms can compete with the mussel spat
for food and/or space (Jenkins 1979).

Fouling has been suggested as a possible cause,
either directly or indirectly, of the "oÊmigration"
(detachment from the rope) or mortality of spat that
has occurred at certain times in the Marlborough
Sounds. Fouling is likely to be site specific and to
vary seasonally and perhaps annually. The degree
and the likely impact of fouling should be
considered during site selection.

Predation on farmed mussels by fish, mainly
snapper (C hrys ophrys auratus), spotty (P seudolabrus
celidotus), and leatherj acket (Parika scaber), is a
significant, but highly variable, problem in the
Marlborough Sounds. It is a particular problem on
reseeded ropes or recently seeded-out Kaitaia spat.
The pattern ofpredation as observed in the Sounds
and in the Bay of Plenty suggests it is related to
the degree of handling or manipulation of the
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mussel ropes - greater disturbance of the ropes
leading to higher levels of predation. It is also
seasonal, in relation to the behaviour patterns of
the predatory fish.

Fish predation is more prevalent in shallow areas
where the mussel ropes are closer to the sea bed.
To overcome the problem of predation after
reseeding, the reseeded ropes may need to be hung
as close to the surface as possible (by looping the
ropes) until the mussels have stabilised and become
securely attached. Reducing the frsh population by
netting, potting, or line fishing may be an effective
method of minimising predation.

Both fouling and fish predation are probably
minimised by maintaining well-stocked growing
ropes with a uniform covering of mussels over the
entire length of rope, with no bare patches or
excessive clumping from incorrect densities.

Condition
To find a ready market, whether domestic or

export, farmed mussels need to be in good condition
and an appropriate size for the intended product
form - live-in-shell, half-shell, or processed. The
condition or "fatness" of a mussel can be judged
in various ways. The simplest and least precise
method is by visual examination of the flesh. The
mussel is in best condition just before spawning,
when the mature males are mainly creamy white
and mature females are a reddish apricot colour
(see Warwick 1984, page 5).

A condition index measurement which is
adequate for mussel farming and can be performed
simply and rapidly in the field (it requires only a
pair of kitchen scales) was defined by Hickman and
Illingworth (1980) as:

cr---*.-,: 
'ffffiffi 

xroo

The annual condition index cycle in mussels
gro\ryn at Te Kaha during April 1981-March 1982,

calculated by this method and by the more
scientifrcally precise method of

ç1 : ,,*etTetrl.i8,ht , xroo
whole weight - shell weighr " ''

is shown in Fig. 13.

A measure of condition which is particularly
applicable to mussels being harvested for
processing, as opposed to sale-in-the-shell, is based
on the steamed meat weight. It is really a measure
of meat recovery, rather thair meat condition, and
is calculated from:

Percenr yield :'trH@,, -,-t x loo%' whole (lrveJ welghr

For any of these condition assessments it is
necessary to take a representative random sample
of no less than 25 mussels, which should be clean
and have had any protruding byssus removed before
weight measurements are made. Steaming time
(standardised at 5 minutes) is critical to the meat
recovery, because mussels tend to loose water the
longer they are cooked.

Good quality mussels over 80 mm long should
have condition indices of over 30 CI.o--...¡u¡ of â
meat yield over 300ó. Minimum acceptable values
for harvesting would be about 22 CI"o 

^","iu, 
or a20o/o

yield.
Mussel condition is closely related to the

reproduction cycle. Spawning causes a rapid drop
in condition, the meat becoming thin, translucent,
and watery. The period of time required for the
mussels to recover good condition depends on water
temperature and food supply. The condition cycle
(Fig. 13) shows that under semi-exposed conditions
farmed mussels can maintain good condition for
much of the year. The condition cycle may vary
from year to year as well as between sites, even
those that are close together (Hickman and
Illingworth 1980), and it will need to be regularly
assessed at each site, particularly before harvesting.

May Aug
198 I

sep

Fig. l3: Condition index cycle of rope-grown mussels at Te Kaha, April 198l-March 1982.
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Month

0
2

6-8
8- l0

6-21

l8-21

An example of the timing of operations at a semi-
exposed site is giyen in Table 5. The timing is based
on the Te Kaha experiments and may vary in other
parts of the country.

TABLE 5: Timing of operations for mussel farming at a semi-
exposed site*

Processing
The farmer and processor both need to be fully

a\'r'are of the market requirements, particulady for
mussel size. Farmed mussels are currently processed
for the local and export markets. Product forms
include marinated, smoked, and crumbed mussels,
mussel pâté, steamed, frozen, and vacuum-packed
mussels in bulk or individually quick-frozen packs,
and mussels on the half-shell specifrcally for the
Japanese and United States markets. Mussels are
also soid live in New Zealand and are exported live,
mainly to the United States. Other product forms
have been suggested, and these include mussel
burgers, pies, sausages, soups, and chowders.

For the connoisseur, there is an excellent cookery
book specifically written about New Zealand green-
lipped mussels, "Marvellous Mussels" (LeHeron
I 98 1).

Marketing
Ever since the rapid expansion in the

Marlborough Sounds mussel farming industry from
the late 1970s, which saw a ten-fold increase in
production between 1977 and 1982, the most
persistent problem for the industry has been the
development of a co-ordinated marketing strategy
(Cameron 1981, 19821' Hickman 1981, 1982b,
t982c).

Marketing and economic analyses of mussel
farming, based on suryeys of the Marlborough
Sounds conditions, have been made by the
Economics Division of MAF (Cameron 1981, 1982),
the N.Z. Fishing Industry Board (N.2. Fishing
Industry Board l98l), and the Development
Finance Corporation (Martin 1981, Penlington
l 983).

For the small-scale mussel farming operation
likely to be established in a semi-exposed situation,
several of the economic parameters may differ from
those in the larger Marlborough Sounds industry.
At least in the initial stages of development, the
production would be aimed at local processing and
local market outlets, particularly the live-in-the-shell
trade to retail, restaurant, and hotel outlets.

During the farming experiments in the Bay of
Plenty there were signs of interest in processing
small mussels (50-65 mm) as a specialist product.
Mussels of this size could possibly be grown in 9-
12 months without needing the time-consuming and
labour-intensive reseeding operation. The
economics of growing these small mussels, or those
of small-scale mussel farming, have yet to be
determined. Whether the price the farmer receives

- $500 per tonne (live shell weight) or $1.80 per
kilogram (meat weight) - will provide an adequate
return for a small-scale mussel farmer will depend
on the labour content of the operation and the
availability of local market outlets.

Procedure

Catch spat or obtain Kaitaia seed
Transfer to farm site; separate ropes and hang
singly, still doubled up
Thin and reseed
Release any doubled up culture ropes; prepare
new spat ropes
Regularly check all lines fo¡ growth, fouling,
and predation; every 3-4 months check all
shackles, thimbles, and lashings for wear and
tear
Assess condition; harvest

* The timing is based on the Te Kaha experiments and may
vary in other parts of the country.

Harvesting, process¡ng, and
market¡ng

Harvesting
In the Marlborough Sounds, harvesting is mainly

done by several contracting companies using
sophisticated machinery capable of harvesting 20-
30 t per day.

The small-scale farmer, far from the major mussel
farming areas, will need to consider a suitable
harvesting vessel. This could be a simple
catamaran-style pontoon, 5-6 m long and 3 m wide,
with large plastic barrels or drums providing
floatation. The wooden working area should have
either a lift-out central area or a central well through
which the mussel ropes could be lifted. Derricks or
a gantry would be required for lifting the heavy
culture ropes. The working area should have
sufficient room for a simple declumping machine,
which can be made from a large metal drum (see

Jenkins 1979,Fig.40). It could be used for stripping,
declumping, and washing the mussels. After
washing, the mussels would be bagged and stacked
at one end of the pontoon or loaded on to the
service vessel if its size permitted. The pontoon
would need to be of an appropriate size and design
to be readily towed to and from the farm site.

High quality is all important for both the local
and export markets for green-lipped mussels.
Attention to the handling of the product from the
moment of harvest is essential to maintain the
highest quality. A code of practice which covers
harvesting, processing, and storage of the green-
lipped mussel has been prepared by the N.Z. Fishing
Industry Board (Warwick 1984).
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Mussel research at Te Kaha

lntroduction
The Te Kaha research programme had two main

arms:

1. to develop appropriate mussel farming
equipment suited to the exposed conditions of
the local area;

2. to show if mussel spat could be caught locally
and grown to marketable size in an acceptable
time.

The programme was also expected to provide
information on aspects of the biology of the green-
lipped mussel relevant to semi-exposed farming
conditions and specific to the lack of competition
from blue mussels.

Study area
Te Kaha is in the eastern Bay of Plenty, about

half way between Opotiki, the nearest town, and
Cape Runaway (Fig. l4). The work was done over
about 20 km of coastline at sites from Whitianga
Bay (3'7" 50'S 177" 36'E) in the south to
Maraehako* (37" 4l' S 177" 47'E) in the north.

Weather and sea cond¡t¡ons
The predominant wind in the eastern Bay of

Plenty is the north-westerly; the typical weather
pattern changes ûrst to the west and then to the
south-west, with a decrease in wind strength. The
north-westerlies, being the strongest winds, generate
the biggest wave and swell conditions in the coastal
waters. There is a prevailing current along the
coastline which sets from the north-east to the
south-west and flows at 1-1.5 kn (N.2.
Hydrographic Oñce 1977). Although large swells
from the west or south-west are not uncommon,
they are less damaging to moored floating structures
than the more violent wind and wave action from
the nofh-west.

Extreme wind and sea conditions, generally a
result of the occasional cyclone, can produce swells
of up to 4-5 m from the north-west or west.

Rainfall run-off
Only one river flows into any of the experimental

mussel farming sites; the Haparapara River at Little
Awanui*. For most of the year the river mouth is
closed by a shingle bar through which the river
water ûlters. In winter the mouth is open, but the
river flow is not heavy, and in a dry summer, flow
can be reduced to a mere trickle. During the 5 yeals
of the project the Little Awanui site was only once
affected by flood water, which dispersed within 3
days.

*These names have not beeo approved by rhe N.Z. Geographic Board as

at 2 September 1985.

Fig. 14: The eastern Bay of Plenty with places mentioned in
the text.

Experimental sites
Five sites were studied during the programme

(Fig. l5). Three of the sites were used for both
experimental farming and spatfall monitoring; two
were used only for spatfall monitoring.

Whitianga Bay, l0 km south-west of Te Kaha, is
sheltered from the prevailing north-west winds,
semi-exposed to the west, and fully exposed to the
south-west. The 15.6 ha considered suitable for
mussel farming are at the northern end of the bay,
in water depths of 7-22 m at mean low water
(MLVÐ. The sea bed is composed of small rocks.
The 40-m experimental longline in this area was
oriented into the westerly sea conditions.

Little Awanui, 5 km south-west of Te Kaha, is
exposed to the wind and sea from the south and
south-west. It is protected from heavy westerly
swells by a reef running between Motunui Island
and the mainland. In the three potential mussel
farming areas, totalling l3.l ha, water depth is 5-
8 m at MLW, and the bottom is sandy. The two
40-m experimental longlines and one raft moored
at this site were oriented into the south-westerly sea
conditions.

Te Kaha is the most exposed of the experimental
sites, being fully open to the west and south-west,
though sheltered from the prevailing north-
westerlies. Water depth in the 34.0 ha of potential
mussel farming area ranges from 7 to 22 m at MLW,
and the sea bed is frrm sand. Three 40-m

177o gO, 176i ¿ 37o
o "' 

cepe Runaway
Whanarua Bay and

L¡ttle Awanui -_r_+
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[Department ofl¿nds and Survey photographs.]

Fig. 15: The experimental sites; (a) Whitianga Bay, (b) Little Awanui*, (c) Te Kaha, (d) Whanarua Bay (left) and Maraehako+
(right). Circles show the location of the experimental equipment. (*These names have not been approved by the N.Z. Geographic
Board as at 2 September 1985.)
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experimental longlines and two rafts moored at this
site were all oriented into the westerly sea
conditions.

Whanarua Bay and Maraehako are adjacent bays
about 13 km north-east of Te Kaha and were both
sites for spatfall monitoring experiments. Whanarua
Bay has a small area of 3-4 ha in its north-east
corner that is suitable for mussel farming, with
water 12 m deep at MLW and a sandy sea bed.
Maraehako has a nârrow entrance and is shallow
(3-4 m at MLW), and this causes large swells to
build up during westerlies. These swells can break
midway across the bay and thus make the site
unsuitable for mooring mussel farming structures.

Methods
During the first 12 months most effort was put

into the development of equipment for research and
experimental farming in the semi-exposed
conditions. Details of the types of equipment and
their performance have been described and
discussed (see page 6).

Settlement of the greenJipped mussel was studied
to determine the seasonal pattern and variation in
density throughout the study area. Spatfall was
monitored at a depth of 2 m at the frve sites for up
to 5 years during 1978-82. The methods used were
those successfully used for several years in the
Marlborough Sounds (see page 13 and Jenkins
1979). Christmas tree rope was used mainly for the
spatfall monitors, but because the earliest spatfall
monitors had used coir instead of Christmas tree
rope a 6-month comparison of the two types of
monitoring material was run in 1980-81.

Variation in settlement with depth was also
studied, by suspending a series of spat collectors
below a single float at the surface and at depths of
2, 5, and 8 m. Collectors were changed weekly, as
weather permitted, during late 1981.

During April-August 1981 an attempt was made
to correlate numbers of mussel larvae in the water
u,ith the mussel settlement recorded on spatfall
collectors. The plankton was sampled quantitatively
with a vertical, free-fall, cone-type net with 120-
mm mesh (as described by Booth 1977).

The growth of mussels suspended from a raft at
Te Kaha was determined by measurement of the
length frequency of random samples taken at about
monthly intervals over 22 months, from settlement
at the end of May 1978 to harvest in March 1980.
Growth measurements were also recorded at about
monthly intervals, from 100 individually tagged
mussels held in a sea cage on the Te Kaha raft
between June 1980 and June 1981, to show seasonal
variations in growth rate.

The condition index of rope-grown mussels at Te
Kaha was measured fortnightly during April 1981-
March 1982.

Observations on fouling and predation on mussel
ropes were recorded throughout the programme.

Water temperature, a'L a depth of 2 m, was
recorded weekly (as weather permitted) at Te Kaha
from 1978 and at Little Awanui from 1980.

Results
Settlement

Only two sites, Te Kaha and Little Awanui,
provided settlements in commercial quantities (that
is, over 80 spat per 200-mm collector). The duration
of the commercial settlement period varied in
different years from 2 weeks (at Te Kaha in 1979)
to 4 months (at Little Awanui in l98l) (Fig. 16).
Settlement fluctuated greatly, but usually lasted for
up to 6 months, between March and November.
Settlements were also recorded in January and
February; however, they were not viable (the spat
did not grow to reseeding size).

The major and most reliable settlements of Perna
in the eastern Bay of Plenty were recorded during
the autumn-winter-spring period and began in
March in 1979, in April-May in 1978 and 1980,
and in June in 1981. With only one exception,
settlement in commercial quantities occurred at
some stage during autumn-winter in each year from
1978 to l98l at both ofthe successful spat catching
sites. The exception was Little Awanui in 1979,
when the settlement season was very short and
never reached commercially acceptable levels. Little
Awanui also had the highest spat counts and the
most extensive period of commercial-scale
settlement - during 1981.

Settlement at Te Kaha recorded at the four
different depths between June and November 1981
shows a preferred settlement depth on ropes
between 2 and 5 m (Fig. l7). Greatest settlements
occurred at 5 m, with significant numbers of spat
also at 2 m, but lower settlements occurred above
and below these depths. Commercial quantities of
spat were recorded from mid August to the end of
October on the 5-m monitors, whereas on the
standard 2-m monitors commercial settlement
ceased at the end of August.

The comparison of the spat catching ability of
Christmas tree rope and coir, run during October
1980-March 1981, showed that the Christmas tree
rope caught signifrcantly more spat than the coir
throughout most of the period (Fig. l8). On frve
occasions during the 6-month comparison the
Christmas tree monitors caught spat in commercial
quantities, but the catch on coir never exceeded 60
spat per 200 mm.

Bivalve larvae were common in all the plankton
samples collected during April-August 1981. At least
two different mytilid species were present in the
samples and were identified as Perna canaliculus
and Xenostrobus pulex (the small black mussel).
Comparisons with numbers of spat settling on the
monitors were inconclusive: although many X.
pulex larvae were caught in some of the plankton
samples, there was no conesponding settlement on
the monitors or the spat catching ropes.
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Growth
After an initially very slow rate of growth, mussels

from the autumn 1978 settlement at Te Kaha
reached an average length of 59 mm 12 months after
settlement; 2% of the population reached 80 mm
and 2% were less than 40 mm (Fig. l9). Growth
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continued steadily throughout the sccu¡rd year, and
by March 1980 when the mussels were 22 months
old the average length was almost I l0 mm.

Seasonal g¡o\r/th for each of the 12 incremental
periods during June 1980-June 1981 showed a
gradual increase from winter (July-August) through
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spring to a peak in summer (February), followed
by a decrease through autumn to winter (Fig. 20).
Only one incremental period, in early spring
(August-September), did not frt this pattern. The
seasonal growth rate varied between 0.04 mm per
day (June l98l) and 0.ll mm per day (February
l98l and August-September 1980).
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This seasonal growth pattern parallels the annual
cycle of sea \¡/ater temperature measured over
several years at both Te Kaha and Little Awanui
(Fig. 2l). These sites are only 5 km apart and show
little difference in mean monthly temperatures. The
warmest month was February, which reached a high
of 24"c in 1981 at both Te Kaha and Little Awanui,
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Fig. 19: Growth (mean shell length) of rope-grown mussels at Te Kaha during 1978-80.
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Fig. 20: Seasonal gfowth ofsea cage mussels at Te Kaha, June 1980-June 1981. (The data are from 100 individually tagged mussels.
Mean represents the increase in length for all surviving mussels. Maximum is the increase in length for the individual mussel
which showed the g¡eatest overall increase. Minimum is the increase in length for the in lividual which showed the least
overall increase. Mean growth rate for each incremental period is also shown. Sampling dates are sho\¡/n along the bottom
line.)
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and the coldest monthly mean (13 "c) was recorded
in August 1980 at Te Kaha and in September 1981
at Little Awanui. Annual differences in water
temperature, such as the 2'c difference throughout
most of the year between 1980 and l98l at Little
Awanui, could have a noticeable effect on the
growth rate.

The sample of 100 mussels (which had an initial
mean length of 49 mm) used for the seasonal gfowth
assessment showed substantial variation in growth
rate between individuals. Although the mean
increase in shell length over the l2-month period
was 630/o (from 49 to 80 mm), the increase in length
of individual mussels varied between a maximum
of 1090/o and a minimum of 300/o (Fig. 20).

Signifrcant variation between individuals is also
evident in the size range found in each sample of
the rope-grown mussels (Fig. 19). This stock showed
a similar seasonal gro'r¡/th pattern to that of the

(a) Te Kaha

tagged mussels when daily growth rates were
calculated for spring, summer, autumn, and winter
during the 22 months of the experiment (Table 6).
Highest growth rates occurred during the two
summers.

Condition
The condition index cycle (see Fig. 13) shows a

period of low and fluctuating condition during
autumn and early winter, a gradual build up in late
winter (August) to relatively high levels over spring,
and a fall in early summer to a low level during
summer and autumn. The more precise index (CI)

- which measures the meat in relation to the total
contents of the shell, rather than the overall weight
of the mussel - accentuates short-term fluctuations
in condition, which are apparent even during the
spring period of high condition index.

- 
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Fig. 21: Water temperature measured at a depth of 2m at (a) Te Kaha and (b) Little Awanui during 1978-81.

TÀBLE 6: Seasonal growth of rope-cultivated mussels at Te Kaha, eastern Bay of Plenty, June 1978-March 1980

Growth (mm)

1

1

1 4o
o

o
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o.
E
0)
F

Yea¡

r 978

r978-79

t919

r 979-80

Total
Mean

Season

Winter
Spring
Summer
Autumn
rùy'inter

Spring
Summer

Growth
period
(days)

92
89
90
99
85
92
96

643

Increase

2.0
15.2
26.3
t4.3
l3.l
r4.6
23.2

108.7

Daily
growth rate

(mm/day)

0.02
0.17
0.29
0.14
0.15
0. l6
0.24

o.t7

From
1.0
3.0

18.2
44.5
58.8
71.9
86.5

To

3.0
18.2
44.5
s8.8
't t.9
86.5

t09.7

(b) Little Awanui

- 

1981
----1980
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Fouling and predation
Settlement of competitive fouling organisms was

minimal throughout the project, and it occurred
mainly on bare ropes and on ropes with large old
mussels.

Predation by fish, mainly snapper, was only
evident during the frnal stages of the programme.
During February-May 1982 heavy predation
occurred on ropes which had been reseeded at both
Te Kaha and Little Awanui. Ropes of the same size
mussels which had not been reseeded suffered no
noticeable predation. The pattern of predation was
variable; at Little Awanui the ropes were completely
stripped, whereas at Te Kaha some ropes 'were
completely stripped, some were only attacked over
the lower 0.5-1.0 m, and some were untouched.

Discussion

Settlement of mussels has been studied
extensively in the Marlborough Sounds as part of
the spatfall prediction service, which provides the
data for the weekly "Mussel Spatfall Bulletin".
Meredyth-Young and Jenkins (1978) reported the
early results of this work and suggested t}l.aÍ. Perna
showed no preferred settlement depth in the
Marlborough Sounds, though subsequent
observations have suggested that more Perna settle
at greater depths. This may result from a depth
preference by the larvae, or from specifrc
hydrological conditions existing at certain times of
the year. Meredyth-Young and Jenkins also
recorded extensive settlements of Perna over a ó-
month period (October-April), though peak
settlement (at commercially acceptable levels) was
restricted to mid February-mid April. Mytilus and
Perna settlements during the Marlborough Sounds
investigations (1975-76) were separated in time and
depth - Mytilus settled earlier and mainly in the
top 2 m. Although settlement in relation to depth
at Te Kaha was only studied during one short period

- and not during the autumn months when peak
settlements were recorded at Te Kaha - the
observations tend to confrrm a preference for
settlement in the depth range of 2-5 m.

The comparison made during this investigation
suggests that Christmas tree rope tends to catch
larger numbers of mussel spat than does coir.
Christmas tree rope has now been used for spatfall
prediction work in the Marlborough Sounds for
several years, and weekly settlements of 200-400
spat per 300 mm of rope have been recor(ed
frequently, and there have been occasional catches
of over 1000 spat per 300 mm.

Settlement monitoring is considered to be a more
reliable spatfall prediction system than larval
monitoring because it records the number of spat
actually settling rather than the number of larvae

in the water. If a rapid response to the weekly
settlement data can be effected, commercial spat
catching can be successful.

The mean growth rate of the mussels grown on
ropes at Te Kaha was lower than the average rate
of 72.5 mm in 12 months recorded from several
sites around the North Island (Hickman 1979). This
may have resulted from tv/o factors. Firstly,
settlement took place during autumn and no
substantial growth occurred during the succeeding
winter months (June-September) - 2 mm over 92
days represents a daily growth increment of only
0.02 mm. Secondly, these ropes 'were not thinned
or reseeded, and, though no counts were made,
mussel density on the ropes probably exceeded the
250-300 mussels per metre considered optimal for
commercial mussel farming.

Mussel growth has been shown to be directly
correlated with water temperature (Hickman 1979).
The mean daily increase in length of the tagged
mussels for the 12 incremental periods during June
1980-June 1981 shows a similar pattern to the water
temperature; higher B¡owth rates or,er the warmer
months (December-March) and lowe¡ gowth during
the colder months (May-August). The additional
peak recorded during August-September may
represent a response to improved feeding conditions
resulting from a late winter-early spring plankton
bloom. Comparison of the daily growth rates of
these tagged mussels with average daily growh rates
of P. canaliculus at other experimental mussel
farming sites in less exposed situations (Table 7)
suggests that their lower growth rate is either site
specific or the result of the experimental technique

- the tagged mussels were held in a closed, large-
mesh cage. The growth rate of the tagged mussels
in the sea cage was much lower than that of mussels
grown freely on ropes. The annual mean growth
rate for tagged mussels was 0.07 mm per day (Table
7), whereas that for rope-grown mussels of a similar
initial size was 0.18 mm per day (derived from the
daily growth rates for autumn 1978-79 to summer
1979-80 in Table 6). Furthermore, all the seasonal
groWh rates of rope-grov/n mussels at Te Kaha,
except those of the very smallest mussels, were
higher than those recorded at other less exposed
sites (compa¡e column 7 in T4ble 6 with column 3

in Table 7).

TABLE 7: Comparison of seasonal growth of tagged mussels in
a sea cage at Te Kaha and on experimental rafts at other,
less exposed, sites around New Zæaland

Daily growth rate (mm/day)

Less exposed
sites*

0.10
o.12
0. l3
0.1I

o.r2

Season

Winter
Spring
Summer
Autumn
Annual mean

Te Kaha

0.07
0.08
0.09
0.05

0.07
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The condition index (Cl"o--","¡ur) cycle recorded
at Te Kaha ,È/as similar in amplitude, and range of
values, to that recorded from an experimental
mussel raft in Wellington Harbour during 1974 -this latter site had the highest condition indices of
any of the seven study sites around the northern

half of New Zealand (Hickman and Illingworth
1980). Flowever, the timing of the cycle, with one
major period of high condition, more closely
resembles that at sites in Whangaroa Harbour and
Great Barrier Island (Hickman and Illingworth
1980) and the Marlborough Sounds (Jenkins 1979).

Summary

The experiments carried out in the eastern Bay
of Plenty between 1977 and 1982 showed that
mussel farming is possible in this type of semi-
exposed situation.

Various low profile farming structures were
designed, constructed, and evaluated for use under
these conditions, and anchorage systems
appropriate to these structures were evolved.

The minilongline system developed during the
research programme was suitable for the sea and
weather conditions of the area and is acceptable to
the Ministry of Transport as a marine farming
structure. Its length and buoyancy can be adapted
to suit the specific nature of the site or to meet the
availability of, or mussel farmer preference for,
particular floatation equipment. When constructed
to the strength, buoyancy, and safety standards
detailed in this manual, the miniJongline is
recommended as the most appropriate equipment
for semi-exposed mussel farming sites.

The factors which must be considered in the
selection of a potential mussel farming site are
discussed. Only sites offering some shelter from the
extremes of adverse weather and sea conditions
should be chosen for mussel farming development.

This manual provides information on the
procedures to be followed, the types of equipment
appropriate to the conditions, and the farming
practices from settlement through to harvesting
which are likely to determine the success of a mussel
farming operation in a semi-exposed situation.

As a result of the experiments in the eastern Bay
of Plenty, two areas were identified as potential spat
catching sites, and the general pattern of settlement
in these areas was established. Seasonal and annual
variation is discussed.

Commercial quantities of spat were caught over
several consecutive years, reseeded, and on-grown
to marketable size in 12-22 months (59- to 109-
mm shell length), depending on the preferred size
for harvesting.

The condition of the mussels grown
experimentally was high during at least 5 months
of the year and did not drop to the minimum value
considered acceptable for harvesting throughout the
I 2-month assessment period.

Fouling and predation were not signifrcant
problems during the experiments, but the increase
in ñsh predation during the late stages of the
programme suggests that this potential problem
may be related to the size of the farming operation.
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