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A quantitative survey ofthe Undo.ria pinnati.fido. (Harvey) Suringer population in Timaru harbour， New 
Zealand， was undertaken during the summer of 1989-90. Information on the distribution， abundance， size 
and reproductive status of plants was obtained. An extensive population was found throughout the har-
bour attached to a variety of substrates. Plants were found down to a depth of 5 m beJow ML W， the lower 
limit being set by the quantity of available light. The maximum density of plants was 22 per 0.5 m2 and 
there was a general reduction with depth in most parts of the harbour. Size of the population was estimated 
to be over 70，000 plants. Plants found at the entrance to the harbour were larger由anthose at more 
sheltered sites within the harbour. There was little variation in size wi出 depthat any site. Over 90% of 
也epopulation was reproductive at the time of the survey. Over the period of the study the lengths of 
individual plants decreased and by late February only the basal sporophylls remained. The m司jorityof出e
population had disappeared completeJy by late summer. 
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Undaria pinnatがda(Harvey) Suringer， a na-

tive brown seaweed of J apan and Korea and 
commonly found along parts of the Chinese 

coastline (Zhang et al. 1984)， in the Okhotsk 
Sea and near Vladivostok in the former 

USSR (Zinova 1954; Funahashi 1966)， has 
most recently been discovered in Europe and 

Australasia. 1n 1971 U. Pinnatifida was iden-
tified in the Etang de Thau on the Mediterra-

nean coast of France near the town of Sるte

(Boudouresque et al. 1985)， having been ac-
cidentally introduced to the area with spat of 

the Pacific Oyster. It has since spread to 

other parts of the Mediterranean coast， and 
was intentionally introduced to the French At-

lantic coast with the view to farming (Perez et 

al. 1984). Seeded ropes were transplanted to 

three sites on the Brittany coast but all but 

one of these original sites， Ile d'Oussant near 

Brest， were eventually abandoned (Floc'h et 
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al. 1991). It was thought that the cultured 

populations would be fully controllable and 

unlikely to spread from the cultivation sites 

since the species would be unable to 

reproduce in situ in the colder waters of NW  

France. However， the results of a study car-

ried out by Floc'h et al. (1991) in the Bai de 

Lampaul， Ouessant suggest the contrary; 

they concluded that the whole reproductive 

life cycle could be completed within the vicini-

ty of the farm site. Additional evidence for 

the opinion that U.ρinnatifida can reproduce 
in situ in northern France comes from the ob-

servations of luxuriant growth of sporophytes 

on an anchored rope at an abandoned farm 

site near Portsall (Brown and Floc'h pers. 

obs. 1991). 

The first report of the species presence in 

Australasia was in 1987 from Wellington Har-

bour， New Zealand (Hay and Luckens 

1987). Since then it has been discovered in 

several harbours in the South 1sland (Lyttle-

ton， Timaru， Oamaru) and most recently has 
been found in Otago harbour， Dunedin (pers. 
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obs.) and Picton (Hay pers. com.). The ini-
tial introduction is thought to have occurred 

as gametophytes in the ballast water of fishing 

boats and its subsequent spread apparently 

via coastal shipping (Hay 1990). In 1988 U. 

pinnati.fida was identified on the east coast of 
Tasmania， Australia (Sanderson 1990). Bal-

last water from cargo ships transporting wood-

chips from Tasmania to J apan is considered 

the most likely source of the introduction. 

Despite the interest shown inιp仇natがda
and concern about its possible spread， there is 
little quantitative data about the ecology of 
the species in its new biotopes. Perez et al. 

(1981， 1984) have reported that in Etang de 
Thau its biology is similar to that in Korea 

andJapan， Floc'h et al. (1991) have provided 
some information about population distribu-

tion and structure adjacent to the cultivation 

site in the Bai de Lampaul， Ile d'Ouessant 

and Hay (1992) has provided information on 

its seasonality in New Zealand. 

Here we report on a preliminary quantita-

tive survey of the population from Timaru 

harbour on the east coast of South Island， 
New Zealand (Fig. 1)， which was first record-
ed in 1988 (Hay 1990). Timaru is a medium 

sized port supporting a local fishing fleet， ser-
vicing coastal shipping and visited regularly 

by J apanese fishing boats. We provide infor-
mation on its vertical and horizontal distribu-

tion， abundance， size and reproductive sta-
tus. 

Materials and Methods 

The main survey of the harbour was car-

ried out by divers in the first week of Decem-

ber 1989. The harbour was divided into 8 

sites (shorelength 200-400 m) based on sub-
strate type， degree of exposure and location 
(Fig. 1). 

The predominant rocky substrate consists 

of large (> 1 m) basalt boulders， which have 
been used in the harbour' s construction (sites 

1， 2， 3， 5， 8). The substrate at sites 6 and 7 
consists of wooden piles used to support large 

wooden wharves while at site 4 both wooden 
and concrete piles are present supporting a 

large wharf. Except for a gently sloping peb-

ble bed along site 5 the remainder of the har-

bour bottom consists of a muddy substrate. 

The average depth of the water column is 

about 11 m at MLW. 
At each site a minimum of three randomly 

selected transects were run out perpendicular 

to the shoreline. Contiguous sampling down 

the transect line using a 1 x 0.5 m quadrat 

provided a 1 m wide profile of the population 
with depth. Within each quadrat the num-

ber of plants and the lengths of individual 

plants were recorded and the reproductive sta-

tus of each noted. 
The subsurface water temperature was 

recorded， and a photon flux density 

(PFD)ldepth pro創ewas obtained outside the 

seaweed canopy， using a Li-Cor underwater 

spherical quantum sensor (Li 1935B) and in-

tegrator (Li 188B)， at each of the sites. The 

degree of exposure at each site was estimated 

using plaster balls as described by Muus 

(1968). 
Additional dives were carried out at site 7 

at approximately monthly intervals until 

March 1990. On each of these visits the 

lengths of 20 randomly selected plants were 

measured and recorded. 

Analyses uf variance were carried out on 

the data and significance (p < 0.5) of differ-
ences between means was calculated by Dun-

cans New Multiple Range Test 

Results and Discussion 

u.ρinnati.fida is widely distributed within 

Timaru harbour. It occurs on a variety of 

substrates， predominately on rock but also on 
wooden and concrete wharf piles， on mooring 
ropes and hulls of boats. Plants were found 
growing on rocks ranging in size from over 
one metre down to 5-10 cm in diameter. 

This may be the lower size limit as an area of 

small pebbles (3-5 cm in diameter) at site 3 
had no visible plant cover while a steel cable 

running across the area supported healthy 

plants. This tendancy for plants to colonize 
immersed artificial substrates is well 

documented (e.g. Hay 1990， Floc'h et al. 
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Fig. 1. The location of Timaru， New Zealand and map showing the sampling sites within Timaru harbour. 

1991) and may be related to their selection for 

rope cultivation and ‘stone planting' inJapan 
and Korea (Mathieson 1975). 

The depth range for the species is usually 

considered to be from the low intertidal down 

to 15 m (Saito 1975) although Floc'h et al. 
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Fig. 2. Change in PAR with depth at site 7 
within Timaru harbour (mean and standard error of 
readings taken on three consecutive days in the first 
week of December 1989). 

(1991) found sporophytes growing on rocks at 
18 m in the Bai de Lampaul， Ile d'Ouessant. 

Where suitable substrate is available the 

prevailing light conditions will determine the 

lower limit for growth. In Timaru harbour 

PAR is reduced rapidly with approximately 

70% of surface light attenuated by 2 m and 

more than 95% by 6 m. These results ob-

tained at site 7 (Fig. 2) are typical of the har-

bour as a whole. The maximum depth at 

which plants were found growing was 5 m be-

low ML  W despite the presence of suitable sub-

strate below this depth. 

The vertical distribution of U. pinnatifida va-
ried in different parts of the harbour. The 

m司jorityof plants occurred in the upper 2 m 
of the water column wi也 themaximum densi-

ty of approximately 22 plants per 0.5 m2 

being found at MLW at site 6 (Fig. 3). At 

most sites (2， 5， 6， 7， 8) the maximum num-
ber of plants occurred at the surface or within 
the top metre ofthe water column with densi-

ty decreasing with depth (Fig. 3). At sites 1 
and 3， density was significantly lower at the 
surface than at an intermediate depth of be-

tween 1.5 and 2 m. The distribution of Un-
daria plants at Site 4 is different from all other 

areas sampled in having an absence of plants 

at the water surface (Fig. 3). Maximum den-

sity occurred at 2 m depth and decreased 
thereafter. Because of the preliminary na-

ture ofthis survey it is not possible， at tl山 jun・

cture， to provide definitive explanations for 
these different distributional patterns. A 

number of factors can a征ectthe vertical distri-

bution including substrate suitability， turbidi-
ty， grazing， competition， and turbulence. 
Zoospore attachment of U. pinnatifida has 

been shown to be adversely affected by cur-
rents above 8 cms-t and its cultivation is 

more suitable under moderate to low wave ac-

tion (Saito 1975). The degree of exposure 

decreased from the outer harbour (Site 1) to 

the inner harbour (sites 5 and 6) and therefore 

turbulence may be a contributory factor to 
the observed differences in distribution with 

depth found in Timaru harbour. At the 

more sheltered sites (2，5，6， 7) maximum den-
sity was found at the surface whereas at the 

more exposed sites towards the harbour en-

trance (sites 1 and 3)， significantly fewer 
plants were found in surface waters. Sander-

son (1990) also noted a relationship between 

plant numbers and wave action in his survey 

of the east coast of Tasmania. Site 4 is the 

main container wharf， and the low density of 
plants in the upper metre of the water column 

may be due to the greater amount of boat 

tra伍cpreventing establishment of individ-
uals. 

Based on the number of individual plants 

encountered at each of the sampling sites we 

have estimated the total size of the population 

in Timaru harbour to be 77，600:t5，600 
plants. These data indicate that Undaria is 
now well established and thriving within this 
southern harbour and any attempt to eradi-
cate it would be futile. 

The size of individual U. pinnatifida plants 
ranged from 10-80 cm in length (Fig. 4). 

This is well within the known range for plant 
length recorded from other parts of the world 
which typically attain a maximum length of 

3 m (e.g. Perez et al. 1981， Akiyama & Kurogi 



。
1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

0.0 

1.0 

2.0 

3.0 

4.0 

-、E 5.0 
、-
五a 6.o 

800  

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

Undaria Pinnati.fida within Timaru harbour， New Zealand 

5 10 15 20 

Site 3 (n=5) 

Site 5 (n=6) 

Site 7 (n=5) 

Density 

25 0 5 10 

Site 2 (n=11) 

Site 6 (n=8) 

Site 8 (n=9) 

15 

67 

20 25 

Fig. 3. Depth pro創eof plant density (number per 0.5 m2) of Undaria pinnatijida at 8 sampling sites within 
Timaru harbour (n=number oftransects; bars indicate standard error ofme四)recorded during the first week of 
December 1989. 
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Fig. 4. Depth profile of mean length of individual Undari・'atinnatijida plants at 8 sampling sites within 
Timaru harbour (bars indicate standard error of mean) recorded during the first week of December 1989. 

1982， Sanderson 1990， Koh & Shin 1990， 
Floc'h et al. 1991). At most of the study sites 

there is no significant variation in plant size 

with depth (Fig. 4) and the size range of 

plants encountered is small. However at 

sites 1， 2， and 8 towards the harbour entrance 

significantly larger plants were found (Fig. 

4). Degree ofturbulence and concomitant in-

crease in nutrient exchange， may in part， be 
responsible for this observation. In a study 

of different U. pinnatがdapopulations in Ma-

tsushima Bay on the Pacific coast of Honshu 

Island， Taniguchi et al. (1981) found that 
plants from the outer bay were larger than 

those from the inner pa此 ofthe bay and that 

morphology and phenology also differed at 

the different sites. 

Water temperature is considered to be the 
most important environmental factor influenc-

ing the life history and ecology of U. pinnatが-
da (Saito 1975). The temperature in Timaru 

harbour at the time of sampling was 160C 

and the long-term mean monthly sea surface 

temperature ranges from 80C inJuly to 180C 

in February (Greig et al. 1988) and is thus well 

within the range for completing its life history 

(Funahashi 1974). The period of maximum 

growth for sporophytes is spring (Saito 1975， 
Perez et al. 1981， Koh and Shin 1990) and 
therefore by the time ofthis survey in Decem-

ber， the growth rate would have already 

declined and thallus decay is likely to have be-

gun (Koh and Shin 1990). Saito (1975) has 

reported that while sporophyll formation does 

not appear to be under temperature control 
zoospore release is， and begins when the 10・
day average water temperature rises above 

140C. Similar results have been reported by 

Perez et al. (1981， 1984) who found that 
sporophylls were mature during summer 

(May toJuly). More than 90% ofthe plants 
encountered during this study were reproduc-
tive and therefore it is highly likely that they 

had already reached maturity with zoospores 
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Fig. 5. The change in mean plant length over 
time at site 7 within Timaru harbour (bars indicate 
standard error of mean). 

being discharged. 

During subsequent dives， at approximately 
monthly intervals， a significant decline in the 

size of plants was observed (Fig. 5). Die-

back occurs as a result of erosion of the apical 

portions of plants， and by late February only 
basal sporophylls remained. By the end of 

March the majority of sporophytes had disap-

pe釘 'edcompletely from site 7 (Fig. 5) and 

from the harbour as a whole. This sequence 

and eventual disappearance by late summer， 
follows a similar pattern to也atobserved in 

Japan (Saito 1975)， Korea (Koh and Shin 
1990) and in the Mediterranean Sea (Perez et 
al. 1984) but differs from the situation on the 
French Atlantic coast where sporophytes can 

be found all ye町 round(Floc'h et al. 1991). 
Hay (1990)， too has observed several succes-
sive generations throughout a ye町 inWellin-
gton harbour， New Zealand but didn't state 

whether the sporophytes are present all year 

round. More detailed studies are required to 

ascertain the annual cycle of events in the 

southerly populations. 
U. Pinnatがdais often considered to be an op-

portunistic species， colonizing disturbed and 
sp訂 selycovered surfaces (Sanderson 1990， 
Floc'h et al. 1991) but lacks other attributes as-
sociated with oppo口unistssuch as several 
generations per year， high fecundity and high 
net primary productivity (Littler and Littler 

1980). The low competitive ability ofthe spe-

cies is implied by low abundance among large 
seaweeds or sessile macrofauna although it 

has been suggested that it may possibly com-

pete with other annual species which have 

periodic recruitment (日oc'het al. 1990). 
The sublittoral fiora of New Zealand has no 

large brown annual species similar to Saccorhi-
za poiyschides (Lightfoot) Batters from the 

north Atlantic but it may compete with 

smaller brown fucalean seaweeds such as Sar-
gassum， Cystophora and Caψophyllum. In 

Timaru harbour the diversity and abundance 

of macroalgae associated with U. pinnatがda
was relatively low but at the present time we 

do not know whether or not the presence of 

this newly established dense kelp canopy has 

had any impact on the native seaweed com-

mumty. 

This study provides a preliminary quantita-

tive analysis of the vertical and horizontal dis-
tribution of U. pinnatijida in a southern New 

Zealand harbour. The data indicates that 

since first being encountered in 1988 the spe-

cies has become well established and a thriv-

ing population now exists. The number of 

plants generally decreases with depth but sig-

nificant differences were found between sites 

with different degrees of exposure as assessed 
by the use of plaster balls. The size of plants 
found at sites close to the harbour entrance is 

significantly larger than those encountered at 
more sheltered sites within the harbour but 

there was very little variation in size with 

depth. The annual cycle of growth observed 

in J apan and in the Mediterranean Sea also 
appears to occur here with sporophytes disap-

pearing by late summer. 

Interest has been expressed in farming U. 

pinnatijida in New Zealand using similar tech-

nology to that developed in France. While 

the species is now clearly well established and 
is unlikely to be eradicated from New Zealand 

waters， proliferation of kelp farms would un-
doubtedly lead to further spread of the spe-

cies. Until more is known about the poten-

tial ecological impact on the native fiora this 
would be an unwise move. It may be more 

appropriate to harvest wild populations from 
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unpolluted waters. Under suitable manage-

ment regimes this may keep its spread in 

check and at the same time provide a sustaina-

ble resource for the development of an indus-

try based on the species. 
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