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ABSTRACT.. _

de LANGE, W.P. and de LANGE, P.J., 1994. An appraisal offactors controlling the latitudinal distribution
of mangrove (Avicennia marina var. resinifera) in New Zealand. Journal of Coastal Research, 10(3),
539-548. Fort Lauderdale (Florida), ISSN 0749-0208.

The latitudinal distribution of mangroves (Avicennia marina var. resinijerai in New Zealand has tra­
ditionally been considered to be controlled by climatic stress, particularly air temperature. This paper
reviews the influence of climate factors, particularly frost, and the dispersal of mangrove propagules on
the present-day mangrove distribution.

There is no strong evidence to show that the southern limit of mangroves in New Zealand is a function
of climatic conditions, or that the present mangrove distribution is in equilibrium with climatic conditions.
It is probable that coastal processes affecting propagule dispersal are more important controls on the
mangrove distribution within New Zealand than climatic factors. In particular, tidal asymmetry inhibits
mixing of east and west coast mangrove populations around northern-most New Zealand, and low coastal
current velocities and large distances between suitable habitats makes natural establishment south of
present limits unlikely.

ADDITIONAL INDEX WORDS: climate, dispersal, littoral drift, manawa, tidal currents, wind drift.

INTRODUCTION

There is only one mangrove species, Avicennia
marina var. resinifera, in New Zealand. Avicen­
nia marina var. resinifera, or manawa, is often
referred to as the southernmost growing man­
grove (MORTON, 1976; GREGORIE, 1980), but this
distinction goes to the Australian mangrove which
occurs within Corner Inlet (38°54.8'S), Victoria
(TOMLINSON, 1986; MILDENHALL and BROWN,
1987). The Australian mangrove, which has been
previously identified as Avicennia marina var.
australis, is now recognised as conspecific with
the New Zealand mangrove (TOMLINSON, 1986).

However, it is clear that the New Zealand man­
grove is close to the southern limit of the natural
range of mangroves. It is commonly accepted that
this limit is a function of climatic factors (CRISP
et al., 1990), particularly temperature, whether
this is manifest as water temperature (TOMLINSON,
1986), air temperature (NATUHE CONSEHVATION
COUNCIL, 1984), or the frequency of frosts (Chap­
man and RONALDSON, 1958; KOeHLER, 1972).

Comparison between records of mangrove oc­
currences in New Zealand during the 1800's and
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present distributions indicate that mangroves have
become more abundant within their accepted
range (NATURE CONSERVATION COUNCIL, 1984),
although the range has not extended southwards.
The increase within the northern regions of the
natural range is commonly attributed to increased
sedimentation following land clearance (NATURE
CONSERVATION COUNCIL, 1984). Studies under­
taken by the Department of Earth Sciences at the
University of Waikato indicated that mangroves
are also becoming more abundant towards their
southernmost limit (viz. SHEFFIELD, 1991).

It was suggested that the increased abundance
of mangroves may be partially in response to glob­
al warming, since paleontological evidence reveals
a more southerly limit during the climatic opti­
mum (MILDENHALL and BROWN, 1987). This led
us to query whether the present distribution was
in equilibrium with climate and could therefore
be used to assess global warming, or if some other
factor or factors controlled the latitudinal distri­
bution. Accordingly, the aims of this paper are to
review the influence of climate factors, particu­
larly frost, and the dispersal mechanisms of man­
grove propagules on the present day mangrove
distribution.
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NEW ZEALAND DI STRIBUTION

Mangr ove in N ew Zealand have a na t ur al d is­
tribution nor th of la ti tu de 38°8 (Fig ure 1) , cor­
respond ing to Kawhi a Harbour in t he west and
Ohiwa H arbour in t he eas t (C!{!SI' et al., 1990;
P. J . de Lange person al observa t ion). Of t he se ,
Ohiwa Harbou r con ta ins the mo s t sou the r ly s pec­
imen at K u tarer e (38°0:1'8) . Sou t h of th ese natural
popula tion s, mangroves have be en suc cessfu lly
es ta b lis hed al on g the west coast at the Awa kino,
Mohakatino a nd Ure n u i Ri vers , e rfe ct ive ly ex ­
tend in g their sout hwa rd ra nge to :'19°8 . The Awa­

kino a nd Moh akatino plan ti ngs we re m ad e for
s t ream bank protection by the Dep artment of
Lands a nd S u rvey (P. D INGWALL, 1984; CHISP et
al., 1990). The orig in of th e U renu i plantings is
u n k no wn . Plan tings were al so mad e a t Tolaga Bay
(38°23 'S ) in 1980, whi ch su bse q uen t ly flower ed
and produced viabl e pr o pagules (DANIEL 1986;
CHISP et al., 1990 ).

Two 0.5 m hi gh plan ts ha ve a lso been re porte d
from Parapara Inl et, Golden Bay (40°43'8), in t he
Sout h Island of New Zealand (W ALSIW, 199 2) .
These were pl anted a nd hav e si nc e been rem oved
by the Departmen t of Co nserva t ion . Finally, a
planted mangrove flour ish ed for m a ny yea rs on
th e Hutt Ri ver (41°13' 8 ) befor e be ing sm othe red
by la ndfill (1. FLUX, personal com m u nication ,

1990). It is not kn own wh ether the mangrove pro­
duced any p ropagules.

Hoo KEH (186 4 ) repor ted an occ u r rence of Au­
icennia marina fr om the Cha tha m Islands (44°8),
whi ch a re exposed to the East Au ckland geo­
s trop h ic cu rre nt flowing away fro m New Zealand
(H r'>\TH, 1985). C HEESEMA N (19 06) and M ETCALFE
(1972) co nsid er this report to be a mi s-id entifi­
cation of Oieario tra oersii, and th er e have been
no ot he r reported occu rre nces of mangr ove at this
locali ty. Therefore, we consider th at th e nat ural
occur rence o f m angrove in Ne w Zeala nd is re­
s t ricted to th e North Isl and as d iscussed a bove.

CLIMATIC CONSTRAINTS ON MANGROVE
DISTRIBUTION

Hl'T(,HI N(~ S a nd 8AF:NGF:H (1987) noted Auicen­
nia manna in Aus t ra lia a re fou nd north of sites
where m ea n d ail y temper atures are between 4 °C
and 7 °C in July (m id -win ter ), a nd wh ere mini ­
mum a ir temperatures a re greater tha n O°c. While
it was ac cepted tha t A oicennia was suscept ible to
fros t , it wa s obse rved that th e degree of suscep­
tibility var ies wit h speci es and geo gr aphic loca­
tion. McMILLAN (1975) showed th a t Aoicennia
plan ts from differen t s it es had diff er en t responses
wh en su bjected to the sa me fro st in tensi ty. In
pa rt icu la r, sou the rn population s were ha rdi er tha n
northern populations, an d some were tolerant of
recurrent low winter temperatures.

D I'l<E (1990) ex amined the lea f fa ll and repro­
ductive phenology of Avicennia ma r ina from 23
s ite s in Australi a , 1 in P apua New Guinea and 1
in New Zeal and (Auckla nd ). H e concluded that
re pro d uction was initia ted when day len gth ex­
ceed ed 12 hr, and that gr owth rates were a linear
fun cti on of mean d a ily a ir tempera ture, with a 2
to 3 fold in cr ease in gro wth rate fo r ea ch 10 °C
r ise. He stated t ha t the so uthern limit pr obably
coincid es with ze ro reprodu ct ive success resulting
fr om shor t su m mer growth p er iod s. The crit ical
fa ctor in reproductiv e success wa s tak en to be the
m ean d ail y sum me r tempera ture wi th zero success
occ ur ring a t temperatures < 18 °C .

Frost

C HA PM AN and RONAl.IlS0N (1958) suggested th at
the southern limit of mangroves in New Zealand
is determined by fros ts , based on the obs er vation
t ha t 50" ~ of th e mangroves in Henderson Creek,
Auc kla nd (F igu re 2), wer e seen to be dying fol­
lowin g a fros t whi ch occu rr ed during the peri od
June 28 to ,July 4, 1951. This was ta ke n to impl y
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that mangroves could not occur south of a line
where coastal frosts exceed . 2.2 0(' and occur at
least once every 5-10 years thereby prevent ing
the plants from flowering (Clli\I'M\~ and
RONAl.llSO"', 19;:'8l. This assertion has not been
questioned by most subsequent studies (l"iz.

K( CHLEB, 1972; DA1'>IEI .. 1984l. An examinar ion
of the freezing resistance of mangroves by S\hAI
and WAIWIY (1978) reported that the leaf tissues
could not withstand 4 hr of freezing to . :3.n 0('.

so an ultimate intolerance to winter chilling at
- 3.0 0(' is generally accepted (W.\ IWLE. 198&;
DII\E, 1990).

Frost is reported to affect terminal bud" which
influence the growth of the crowns of mangroves,
so that only low horizontal branches can continue
growth (CHAI'MAN. 1976). It is suggested that the
combination of these elfects leads to a progressive
decline in the maximum height of mangroves to­
wards the south, and a concommitanl decline in
the size of mangroves away from tidal creeks
(CH\I'M\"', 1976). KIl'HLEl, (1972) suggested the
decline in mangrove height away from tidal creeks
is due to the warmth of water within the tidal
creeks ameliorating the effects of frost. This effect
involves the formation of warm water advection
fogs, which form a protective blanket to restrict
the emission of thermal radiation, thereby reduc­
ing the chilling etfect of radiat ion frosts (O}, E,
1987).

PROBLEMS WITH NEW ZEALAND
CLIMATIC CONSTRAINTS

Sensitivity to Frost

Some ditticulties are evident with the above data
concerning frost influence on mangrove distri­
bution. There is considerable uncertainty as to
the actual frost temperature associated with the
mangrove mortality in Henderson Creek (CHAI'­
MAN and RONALll";ON, 19;:'8). At Orat.ia (~5 km
inland from Henderson Creek), the daily mini­
mum screened air temperatures for the period of
frosts (June 29 to .Iuly 2, 19;:'I) were :2.2°C (28.0
oF), -;~.8 °C (25.2 °Fl,2.8 0(' \27.0 oF), and - 1.4
°C (29.4 OF) (CHAI'l'vg!'; and RO;\iALIlSON, 19;:'Hl.
CHAI"VIAN and RONALDSON (l~J:i8) appeared to base
their - 2.2 0(' frost limit on the initial frost re­
corded at Oratia. If this inland temperature is an
acceptable measure of the air temperature over
Henderson Creek, it is unclear why the maximum
frost recorded, - ;t8 °C, was ignored. A screened
thermometer located on the salt marsh at North-

Flgllf(-':L Map ot th« Auckland regron ~hllWlllg [{l~ at lull ..... rc
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cote recorded a maximum frost of ll.2 0(' (:ll.G
OF) during the same pe r io d ICHAPMAN ane!
HON \L11";O"J, 19&8), which suggests that the Orat.ia
readings may not be pertinent to Henderson Creek
due to the ameliorating effect of the surrounding
water 101,1<:, 198/). CH \ I'I'vlf\ '\J and R()NAl.ll";O!\j
(1958) also noted that mangroves assumed to be
killed by frost had recovered by 19fi:3. which in.
dicat.es that the observed frost may not corre­
spond to t he critical threshold frost value. Other
sources note that once Aricennia becomes estab­
lished, it is quite capable of surviving in sites where
frosts exceed :2 °C (\V,\LTHFH cited in CHAI'MAN,
1977).

SAl\\/ and WAHllLE (1978) conducted freezing
tests on Auicennia using;l shoot samples obtained
from one tree at Auckland. They determined that
leaf tissues of Auicennia marina var. rcsinijcra
could not withstand 4 hr of freezing to - :1.0 °C.
Acicennia marina in Australia show a differing
response to low temperatures depending on lo­
cation, with southern populations more resistant
than northern ones (Ml'MII.LA:'i. 197;:'). A latitude
dependent response to freezing is not unusual and
is observed in a number of other New Zealand
species (SAl\AI and WAIU>LE, 1978; WAIU>I.E, 198;:')'
If Avicennia marina in New Zealand also display
this behaviour, observations of Auckland man­
groves in response to frost events or during freez­
ing tests should not be used to detine the behav­
iour of Ohiwa or Kawhia populations. Further,
since west and east coast mangroves appear to he
ditferent genetic populations (DAW";(}N, 1989;
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Table 1. Surnmarv of m(UIJ-:r(){'(' subst rat v datu :;;('{8 u .....,('d to assess ll'hC/JU'T non-climatic variable... rna.\! iniiuencr man!iTour growth
form in Ni'W Zealand. Aruzl.y.'>es re{er...; to t lu number uf textural determinat ion s· atwrtuied fur each site

Mean Weight Percentage

Lat it ude, Coarse Sand Fine Sand Silt Clay
Location Longitud« Analyses 2,000-·200 I'm 2()0-20 I'm 20-2 I'm '.2 I'm

Hohsonville :lti"48'S, I74":I9'E I LI I7.f) :16.0 45.4
Houhora Harbour :J4'48'S, J7:1'O(;'E :1 28.4 1>1).7 LI 1.8
Kaipara Harbour :Hi"12'S. I 74"O(;'E :; :\.1 44.1 41.:1 11.4
Mangere :1(;',,8'S, ]7 4",18'~; 0.1 Hl.? :19" :17.5
Miranda :WII'S. 17;)°ur ..~ :; 8.~J :;2.1 50.8 8.2
Ohiwa Harhour :no:lB'S, 177°mrE :1 \;),1 ;\1.7 4lUJ ,.2
Pollen Island ;IGo"TS, 174"40'E 8 2.0 ;;2.2 :\1.1 :J4.7
Tuff Crater ;](;",18'S, I 74°4"E 4 8.7 H.I :1~7 7.5
Whangarei Harbour ;1,)048'S, IHo24'E :; 4.2 II.:; 41.2 n:J
Whangaroa Harbour ;;,)'04'S. 1,;\"44'E ;J :Ui ~7.4 48.4 20.6

ClnSI' et al., 1990l, the response of Kawhia man­
grove may also ditfer from those at Ohiwa.

We accept that frost is an important climatic
control on mangrove dist rihut ion. However, the
data published in the literature do not provide a
reliable measure of the ultimate limits Cor Avi­
cennia marino var. rcsinilcra in New Zealand.

Size Variation with Latitude

A decrease in maximum mangrove height with
increasing latitude is often cited as evidence for
the influence of frost on the surviahilit.y of man­
grove (viz, DA"II-:I,. 1984; Cln"I' ct. al., 1990;
W,\I.SB\, 1992), Therefore, to assess the impor­
tance of frost or minimum air temperature fur­
ther, we examine the reported relationship be­
tween mangrove size and latitude, With respect
to the apparent reduction of mangrove size wit h
increasing latitude in New Zealand, NWhl':W.,II"
(l980) notecl that comparison of the southern­
most mangroves at Ohiwa wit h northern speci­
mens did not support t his suggestion, Comparison
of the maximum size of mangroves at a variety of
localities along the east and west coasts indicates
that alt hough some mangroves in the nort hare
larger than the maximum sizes in the south, in
general, there is no systematic trend in size with
increasing latitude (DINGWALL, 1984; authors per­
eoruil obseruationi.

We collated a limited clata set to test this as­
sertion. As far as possible, we selected data for
mangroves of similar age, under similar condi­
tions, other than varying lat itude and sediment
texture. Three growth forms were identified, hased
on the original descriptions:

(1) Stunted forms-- those with a well developed

trunk, restricted height, and a large areal ex­
tent;

(2) Tall forms- those significantly higher than
the average mangroves in any given region,
and forming an incomplete canopy cover;

ell Normal forms- t hose not speciticallv iden­
t ifiecl hy the data source as either stunted or
tall.

Table 1 lists t he sites included and their average
text ural parameters, A regression analysis he­
tween latit ucle and t hp text ural parameters gave
a very poor correlation (r (),[O, which is not
significant at the 91)', conliclence level), so the
clata were considered suitable to compare the rel­
ative intluences of latitude and sediment texture,
A Student's itest between I.he latitudes of
stunted and tall forms indicated no dirlerenre for
all significance levels :18' , , suggesting that there
is no systematic relationship between latitude and
growth form,

Mangroves are terrestrial trees which are ca­
pable of coping with some salinity, but are not
fully marine (T()\\I,INSllN, 191:-\6; Hli'I'('HI"I~S and
S,\I':"I:l·;H, I ~)i')/), Therefore, they live in a stressful
environment, and numerous factors may interact
to result in reduced growth to produce a stunted
form or enhanced growth to produce larger than
normal (tall) forms, These include salinity, nu­
trient availability, and sediment texture
(HI'I'I'III"I;S and S\t-:N(~I':I1, 198/l. Limited data
are available for these parameters for New Zea­
land mangrove. To examine whet her non-climatic
variables may direct Iy influence size variations in
New Zealand mangrove, we considered especially
t he influence of sediment texture.

Figure ;\ shows the frequency of occurrence of
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Figure;L Freq uency of occu rr ence or s t u n te d . ta ll a n d n o rma l
man gro \ p growt h Ior m s (a ~ detmed ill the t e xt ) l ' ('r'd l :-i t he p er ­

ce ilingf' mu d (serl iment tiner th a n '20 I1JTl) in t he su us t ra te . D at a
from [he Sl' b d elined in Tahle 1.

d it ions normally associated wi t h es tuari ne e nvi ­
ro nmen ts . Root d evel op me n t on ly a p pea rs t o oc­
cur onc e t he pr opagul e is s t a t iona ry (TOi\11.1N SO N,
1986). If Aui cen nia pr op agul es reach op en ocea n,
t hey are unli kel y to ta ke ro ot. (CLAHIU: a nd
HANNON. 1971).

Ther efore . ev ide nc e fro m Aust ra lia in dicates
tha t. A uicennia m arina propagules are not su ite d
to long d istanc e d isper sal by ocean cu rre n ts a nd
ha ve a lim ite d viab ility con tro lled by tempera ture
a nd sa lini ty . In New Zeal a nd , ma ngrove p ro pa ­
gules are found al on g m uch of t. he coas t line (CHISI'
et al ., 1990), wh ich ha s bee n in te rpr eted as in­
d ica ti ng that they are suita bl e for long dista nce
di sp er sal , al th ough little is known of the via b ility
of th ese d iss ern inules. Bl 'ltNS (1982) und ertook a
ser ies of ex periments to in ves tig ate t he p rocesse s
inv olved in the d isp ersal of Au icennia ma rina va r.
resini lera, spe ci fica lly th e ra te s at wh ich t he pe ri­
carp is los t and th e p ropagul es s in k. H e fou nd
th at t he s hed d ing of the perica rp was salin ity d e­
pendant wit h s hed ding bein g en cour aged by d e­
crea s ing sa lini t y, an d t hat mo st p rop agul es had
shed the ir pe ric ar p a nd Slin k wi t.h in .5 d rega rdles s
of sa linity.

Bl lJ tNS (1982) also ob se rved th a t t he prop agul es
began re floa t ing a fter a few d ays. The d ur ati on
of the per iod d ur in g wh ich th e propagu le re­
m a ined su bm erged de pe nded un salin ity, wi th the
d ur a tion in cr eas ing with increasi ng sa lini ty. He

stunted , tall, and nor mal for ms in re la t ion to the
percen tage mud (sedimen t finer than 20 um ) in
th e sub st ra te. Although this figure indi cates a
slight overlap between stunted a nd normal fo rms,
the raw data indicate that ma ng roves gro wing on
substrates with < 50 1';, mud d ispl ay a s tu n ted
growth form, bu t there is no clea r di stinct ion be­
tween no rmal a nd tall form s a t higher mud co n­
cent rat ions . Studen t' s t -t es ts on a va rie ty of se d ­
imen t textural classes , suc h as per centage mu d
« 20 um) and percen ta ge fine sa nd (200- 20 urn},
indicate that there is a d ifference at th e 99 t·;, con­
fidence level be tween s t u n ted and normal + tall
forms for a ny text u ra l parameter. These data sug­
gest th at t here may be a differ ence betwee n the
growth forms of mangr ove s in t he sa ndy Oh iwa
Harb our (R IC HIVIO NIl et ai., 1984) a nd the m udd y
Whan garoa Harbour (B un ns, 1982) due to su b ­
strate textural d iffe re nces. These two sites a re
quot ed as pr oo f of climatic con t rols on grow t h
form by DANWI. (1986) and CHlSI' et ai . (l990)
and are both incl uded in the data se t a na lysed
(Ta ble 1) . We suggest th a t the data a re equivocal
and th e presen ce of st u n te d fo rms in Ohi wa Ha r­
bour can no t. be t a ke n as pr oo f th at th ey hav e
reached a so ut he rn climatic lim it. Further, t he
fact that mangroves planted a t locali ties sou t. h of
the ' na tu ra l limi t ' succes sfully reproduced a nd
produ ced viabl e pr op agules sugges ts t hat man­
grove in New Zealand hav e not rea ch ed a cl ima t ic
sout he rn lim it.

THE ROLE OF PROPAGULE DISPERSAL

Avic enn ia ex hi bi t cryp tovivipa ry (H ll'l'CHIN(;S
and SAENGEH, 1987) where the em b ryo, while de­
veloping within the fruit, do es no t en la rge suffi­
ciently to rupture the peri car p . T his pr otects t he
embryo from damage . Once t.he peri ca rp is rup­
tured , seedl in g establish ment mu st take pl ace or
the propagule di es . Thus, th e t im ing of p rop agul e
dispersal is im portant if t he plan t is to a ch ieve
maximum di spersal , s ince d amage to th e peri ca rp
by wind or water can lead to p rema t u re d eath of
the ernbr yo.

Avicennia in Austral ia avoi d damaging th e
pericarp by dropp ing pr opagul es dur ing low t ide
(CLAHI< E and H ANNON, 1971 ). Th is means t hat
Avicennia pr op agul es are usually d ispe rse d lo­
cally. The pr opagul e of th e Au stralian Auicen n ia
marina gene ra lly ha s a 4 d ay peri od of ma ximum
buoyancy before the peri carp sta rts to shed
(STEIN KE, 197.5). Shedding is encourage d by high
temper a tur es and d ecre as ing sa liniti es, t he co n-
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attributed this to slower metabolic processes
within the propagule occurring at high salinities.
Ht 'HNS (1982) assumed the propagules which re­
fioated were still viable.

Based on the Australian observations, it is
probable that the propagule is only viable for a
limited time following pericarp shedding, and that
the majority of propagules which refloat are no
longer viable. Further, since root development only
occurs while the propagule is stationary (Bt'HNS,
1982), rooting is most likely to occur when the
propagules do not float.

BI'!1NS (] 982) demonstrated experimentally that
establishment is also a function of the number of
obstacles available to trap propagules. He noted
that the maximum density of obstacles capable
of trapping mangrove propagules in estuaries oc­
curred around established mangrove populat ions
due to the presence of pneumatophores.

CHIS!' et at. (1990) stated that Aciccnn!« is well
suited to long distance dispersal and establish­
ment, but they did not quantify these claims. It
is clear that propagules can be transported great
distances, but they have probably shed their peri­
carp during the initial stages and are unlikely to
be viable on arrival.

The evidence discussed above indicates that
mangroves are adapted for rest ricted dispersal to
ensure that propagules become established in the
immediate vicinity of t he parent. It is unlikely
that propagules can successfully establish more
than 4-fi d travel from source.

NEARSHORE CURRENTS AND MANGROVE
DISPERSAL

Long distance dispersal requires that the prop­
agule be swept out of the estuary, transported
along the coast or across t he ocean, and t hen de­
posited in a suitable habitat (normally estuarine).
As indicated above, this needs to occur within 4­
5 d, if the propagule is to remain viable. On the
west coast of the North Island, almost all of till'
major estuaries are located north of :lSOS (Figure
I). South of this point, here are a limited number
of river-mouth estuaries with the only major es­
tuary being the Pauatahanui Inlet. On the east
coast, there are a few suitable river-mouth estu­
aries and lagoons mainly in Poverty Ray and
Hawke Bay, and no signilicant estuaries south of
Hawke Ray. Further, on both coasts the shoreline
is predominantly rocky for at least 200 km along
the coast 'south' of the present Iimi ts of mangrove
and muddy shores are rare.

Therefore. suitable habitats for mangrove be­
yond t he current distribution are small in extent,
sparse, and widely separated. Major geostrophic
currents flow along the Coast in the vicinity of
the shelf break: the West Auckland current trav­
els north along the west coast; and the East Auck­
land travels south along the east coast as far as
East Cape, where it splits into two branches, one
of which (j-<~ast Cape Current) flows south along
t he coast before turning east to the south of Hawke
Bay (H 1':\1'11, EJ8;)). The velocities associated with
these currents are low (. 0.1 m sec I), so they can
only transport propagules :lO-40 km within 4-5
d. This is further limited by the time taken for
the propagule to move offshore into the geo­
strophic current, and then back onshore to be­
come established. We consider it more likely that
successful propagules would be transported to
suitable sites for establishment by nearshore cur­
rents such as wind -induced drift, tidal currents,
and littoral drift.

Wind-Induced Drift

Observations of wind-induced drift are limited
for New Zealand (WILLL\\b, 1985), but an ap­
preciation of the influence of wind-induced drift
may be obtained by assuming that the wind-in­
duced drift velocity is a constant proportion of
the wind velocity. Wind-induced drift velocities
are normally between :1', and 7 « of the wind
velocity, with values of -:).ii' ( being considered
appropriate for total surface drift over long fetch­
es (Wr, 197fi). Since the mangrove propagules are
bouyant and travel in the surface layer, we will
assume a higher drift of fi' ( of the wind velocity,

The dominant wind direction for New Zealand
is from the sout hwest (R\HHIS, [990) so that with­
in the regions of relevance to mangrove dispersal
winds are mainly offshore for the east coast and
onshore for the west coast. Winds generally change
direction progressively over a :)-7 d cycle associ­
ated with t he passage of low pressure systems
across New Zealand and usually do not persist in
anyone direct ion for more than a few days
(HAHlns, 1990). During extremes of the Southern
Oscillation, it is possible for some wind patterns
to be sustained for longer periods, particularly
southwesterly winds during EI Nino extremes and
northeasterly winds during La Nina extremes.

The west coast generally experiences stronger
winds than the east coast. Data for the Maui A
oil production platform southwest of Cape Eg­
mont (I{FII i, 1991) and the Taharoa ironsand de-
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velopment south of Kawhia H arbour (FHAN ld .IN,
1973) suggest average wind drift velocities of 0.2­
0.3 m sec I in the northwards alongshore direc­
t ion .

These are comparable to the m ea sured s urface
current velo cities of 0.15-0.;30 m sec I reported by
STANTON a nd GHEIG (1991) for sites o tf th e west
coast of the South Island . The net dr ift ob served
over 180 d ay s was dose to zero, but there were
intervals when the flow wa s predominantly in on e
direction for up to 5 d , the maximum per iod av ail­
able for the establishment o f mangrove. There­
fore, a sout hwa rd s directed wind-induced drift
cur rent could transport a propagul e up to 1:10 km.
This is insufficient to take a Kawh ia harbour
sour ced propagul e to the nearest su it ab le habitat
at the Pauatah anui Inlet (Figures I a nd 41.

On the east coa st, BHAIJO'HA I I £'1 al . (1991) re­
corded bottom currents in the northern Bay of
Plenty of up to 0.40 m se c r whi ch they inter ­
preted as wind-induced. H owever , m ea surements
of near s urfac e vel oci ties mad e offshore from
Tauranga by one of us (W . de L .) showed non­
tidal residual currents of -: 0.20 m sec '. These
are con sistent with wind me asurements at T aur­
anga assuming a 3.5 « wind fac tor, and a lso t.he
calcula ted wind -indu ced currents o f HA J( I(I ~

(1985), Even taking the higher velocity va lue, the
maximum travel distance over 5 d is < 175 k m
which is insufficient for Waiaua propagules to
reach the next su it a ble habitat a rou nd East. Ca pe
(Figure 4) . During the mo re susta in ed period s of
northeasterly wind s associated with La Nina
events , the wind drift direction is oppos ite to t ha t
needed to trav el around Ea st Ca pe.

Tidal Currents

Tidal currents are clearly important for di s­
persing propagules within es tua ries , bu t th e cur ­
rent velocities outside es t ua rie s di e off rapidly
with di stance from the en trance ( W II .LI M I"; , 1985).
Coas ta l tidal currents around New Zealand are
gene ra lly too weak to transport sed imen t (Hr-:cl'l'H,
1985) , although negligible vel oci ties are required
to move floating man gr ov e propagul es, Further ,
du e to th e oscillatory nature of tid al curre n ts , t he
imp ortant com po ne n t to cons id er is the tidal re­
sidua l. Sh elf tid al residual currents around Ne w
Zealand are low , <<:::: 0 .05 m sec I based on our me a ­
suremen ts off Tauranga, so they are unlikely to
transport propagules further than 20 km fo r most.
of the New Zealand coas t. The major e xce p t ion
relevant to mangrove di spersal is the tid al resid·

~ ocmo em W3\l &
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o 50 \OO ~m
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Figur « -l 1)UI111113l1t o tfs ho ro wa ve a p pr uac h direct ro r», and
d lrf' l tm u -, o l ht toru l d ril l for t he nor th ern hall ot lh p N o r t h

j,l dnd (, I ~r\\ Zealan d AI"'(I marked a re the drstance-,dl(lllg the
\,.·l ld ..,t I ro m l ilt" la-, o (' c u r rp l1('p o j Illd ll gn J\ E'

ual currents produced by a marked tidal as y m ­
met ry a ro und the North land Peninsula (H ..:'\ '!' H ,

J98 1. 19851. This asy m m et ry d ominates th e time­
ave raged m ean flow , and hence determines the
direction of tr anspor t (H EA I H, 1981 ). The net d i ·
re ct ion of sed ime n t trans port is west wards around
the north coas t with a null p oint at Pandora Bank
southwest of Cape M ari a van Di em en . This is
taken t o be pr im arily due to t he influence of tidal
cur ren ts (H ..:,ITH, 1981) .

Littoral Drift

The direction of littoral d rift is determined by
th e wave climate a nd the orienta ti on of th e coa st.
F igure 4 summ a rises the wave approach direc­
t.ions (P ICI< HII.I. and Mrn 'HEI.I., 1979) a nd d omi­
nant littoral drift direct ion s for the northern half
of the North Island. Although lit toral drift cu r­
rents are not persis tent and ma y reverse direction
for cons id era b le dura tions, it is clea r that any
so u t hwa rd s di sper sal of mangroves along the west
coas t by litto ra l d rift is less lik ely tha n northwards
di spersal.

Littoral drift in the Bay of Pl enty is weaker
than on the west coa s t due to the lower wave
climate (P I('EHII.L and MITCHELL, 1979 ; H AHHI S,
1985). The direction of drift is clearly towards the
sou t heast as far as Ohiwa H arbour (RICHMOND et
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al., 1984) and towards the southwest from East
Cape towards Waiaua Harbour (WILLIAM";, 19H;J).
However, littoral drift is restricted to the surf
zone, and it is probable that any propagules with­
in this region will be cast onto the beach if they
are still houyant. Further, they may be damaged
by turbulence and interaction with other mate­
rials in the surf. Therefore, littoral drift currents
are unlikely as a suitable mechanism for trans­
porting viahle propagules. More likely propagules
are jetted out of estuaries by tidal currents and
then transported by wind-induced currents be­
yond the surf zone.

Implications

Tidal currents are only significant at the north­
ern limit of mangrove in New Zealand and, there­
fore, exert no infiuence on the southern limit.
However, since tidal currents only tend to trans­
port mangrove propagules a very limited distance
westwards around northernmost New Zealand,
they may be responsible for maintaining the sep­
arate west and east coast genetic populations re­
ported by D\w,.;()1'; (1989).

Of the remaining processes considered, wind­
induced drift currents are probably the most im­
portant transport processes with littoral drift hav­
ing a secondary effect close to the shore. From
the limited data available, it is probable that the
maximum transport in anyone direction during
the 4-.5 d establishment period of mangrove prop­
agules is -17.5 km. Since the coasts beyond the
present limits are predominantly rocky within this
distance, it is unlikely that mangroves will nat­
urally increase their distribution in New Zealand.

The distribution of the conspecific mangrove in
Australia may also be controlled by similar fac­
tors. Southwards extension of the mangrove dis­
tribution in Australia requires dispersal of propa­
gules across Bass Strait to Tasmania. This is
unlikely to occur as tidal current flows in Bass
Strait are predominantly east-west with very little
north-south movement (BLACK, 1992). Surface
wind induced currents can he estimated as-.5 II

of the wind velocity as discussed above. South­
ward movement is associated with north-easterly
wind conditions involving maximum mean winds
of 1.5 m sec I for durations of 1-:3 d. These winds
produce velocities <0.7.5 m sec I (BLAC}\ el al.,
1990 ) which are insufficient to transport propa­
gules the > 200 km necessary to reach the Tas
manian coast during the available time.

SUMMARY

There is no strong evidence to show that the
southern limit of mangroves in New Zealand is
solely a function of climatic conditions, particu­
larly the frequency of winter frosts. Indeed, there
is no strong evidence to show that the present
mangrove distribution is in equilibrium with cli­
matic conditions, and it is evident that mangroves
can grow further south given that the other en­
vironmental conditions are suitable.

The New Zealand mangrove probably behaves
in the same way as its Australian counterpart: i.e.,
it is not suited to long distance dispersal and es­
tablishment with most plants estahlishing in suit­
able sites within 4--;'} d travel distance from the
parent plant. This makes dispersal by the major
geost.rophic currents unlikely. Dispersal is more
likely determined by nearshore wind -induced cur­
rents with successful establishment favoured by
dispersal within estuaries rather tban between es­
tuaries.

In the North Island of New Zealand, moderate
to large estuaries are mainly located north of :i8°S,
which is coincident with the distribution of man­
grove. South of this latitude, the coasts are pri­
marily rocky and muddy shores are rare. Given
the availability of suitable habitats for mangrove
and the general pattern of nearshore currents,
several conclusions may be drawn about the dis­
persal of mangrove propagules and hence the dis­
tribution of mangrove in New Zealand:

(1) Tidal asymmetry around northernmost New
Zealand tends to isolate western populations
from eastern populations:

(2) The main process controlling dispersal of vi­
able propagules between estuaries appears to
be wind-induced drift currents; and

(:n The limits of the distribution are likely con­
trolled by the lack of suitable habitats within
4 ;') d travel time via coastal currents.
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