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Abstract Litter fall was measured at two intertidal
levels within two stands of the mangrove Avicennia
marina (Forsk.) Vierh. var. australasica (Walp.)
Moldenke in Rangaunu Harbour, New Zealand (34°
57'S, 173° 15'E). The seasonal pattern of litter fall
was typical of A. marina at high latitudes. Flower-
ing occurred in March-April and fruit fell 9 months
later during December-January. Leaf fall was high-
est from November to February and was positively
correlated with temperature and negatively corre-
lated with sediment water availability (total rainfall
minus total evaporation). Total annual litter fall
ranged from 1.81 ha"1 yr"1 to 6.21 ha"1 yH and was
proportional to mean tree height at each site. Leaves
constituted on average 73% of the total litter fall and
were the only litter component to show significantly
lower magnitude at both elevated sites. The largest
litter collections were made during the summer
months coincident with peak falls of leaves and fruit.
The possible contribution of mangrove litter to es-
tuarine food chains in northern New Zealand estu-
aries is discussed.
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INTRODUCTION

Litter fall is a commonly measured functional aspect
of mangrove forests world-wide. It is a component
of net primary production (Bunt et al. 1979), dynami-
cally reflects phenological events occurring in the
canopy (Duke 1990; Clarke 1994) and is an impor-
tant element in the calculation of energy and nutri-
ent fluxes in mangrove ecosystems (Robertson et al.
1992; Li 1997; Wafar et al. 1997).

Mangroves are widely recognised as productive
sources of plant debris which enters estuaries in the
form of fallen leaves, twigs, and reproductive struc-
tures. In a review of 91 litter fall studies carried out
world-wide, Saenger & Snedaker (1993) found the
magnitude of mangrove litter fall to be greater than
that of upland forest. They also showed that biomass
and litter fall both decreased linearly with increas-
ing latitude, reflecting the generally favourable
growing conditions in the tropics where mangroves
exhibit their greatest structural and floristic diversity.

Few measurements of litter fall have been made
beneath mangroves growing near their temperate
extremes and only one location has previously been
studied in New Zealand (Woodroffe 1982, 1985).
Between 34° 30'S and 38° 03'S, the intertidal mud-
flats of northern New Zealand estuaries support a
single mangrove species, Avicennia marina (Forsk.)
Vierh. var. australasica (Walp.,) Moldenke. Within
its range there is a cline of decreasing tree height
(Osunkoya & Creese 1997) and propagule size
(Burns 1982) from north to south indicating restric-
tions imposed on growth and development by reduc-
ing mean air temperature (Davie 1982; Wardle 1985;
Duke 1990).

Mangrove growth form also varies considerably
within New Zealand estuaries. Typically, optimum
growth occurs around mean tide level, after which
canopy height diminishes rapidly with increasing shore
elevation and trees take on increasingly tortured
growth forms. Such plasticity of growth habit is com-
mon among Avicennia species. At Moreton Bay, Aus-
tralia, Davie (1988) showed that growth of plants
above mean high water neap (MHWN) was limited by
water stress induced by high substrate salinities.
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Given the range of mangrove physiognomy
within and between locations in New Zealand, a
considerable variation in site-specific litter fall might
also be expected. The present paper describes the
seasonal variation of litter fall, and differences in its
magnitude with shore height, in a northern mangrove
population in Rangaunu Harbour.

MATERIALS AND METHODS

Rangaunu Harbour is a large, shallow estuary,
97 km2 in area, situated in the far north of New
Zealand's North Island (34° 57'S, 173° 15'E). Man-
groves occupy over 30 km2, which represents 15%
of New Zealand's total mangrove resource. The
eelgrass Zostera muelleri occupies an additional
20 km2.

Litter fall was monitored within two discrete
stands of trees at Price's Point (PP) and Omaia Is-
land (OM), situated 250 m apart on opposite banks
of the Awanui River (Fig. 1). The mangroves in each
forest differed in a variety of structural characteris-
tics, the most obvious being canopy height, and were
chosen so as to obtain results from a range of forest
types (Table 1).

To gain further insight into the spatial variability
of litter fall, each forest was subdivided into a "low
shore" (LO) and "high shore" (HI) site; the former
being under the tall trees near the channel edge and
the latter further back within the stand under rela-
tively shorter trees. The four sites are hereafter re-
ferred to by the abbreviations—PPHI, PPLO, OMHI,
and OMLO (Fig. 1).

Site description
Sites were defined as an area of mangroves measur-
ing 50 m x 10 m with the long axis orientated paral-
lel to the tide front. Simultaneous measurements of
water depth were used to locate the high shore sites
0.5 m vertically above those of the low shore. Dif-
ferences in shore gradient at Price's Point and Omaia
Island meant that a distance of 50 m separated PPHI
and PPLO, whereas OMHI and OMLO were only
15 m apart.

In order to descibe and compare forest structure,
a temporary 30 m x 2 m transect was laid out paral-
lel to the shore within each site, and the canopy
height and basal area of all trees within the transect
area were measured. The numbers of trees within
each transect provided an estimate of stem density
at each site. Data are summarised in Table 1.
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Fig. 1 Location of mangrove (Avicennia marina van
australasica) litter fall sites in Rangaunu Harbour, New
Zealand. (PP = Price's Point; OM = Omaia Island; HI =
high shore site; LO = low shore site.)


