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Abstract Intertidal communities of Doubtful
Sound, New Zealand, were surveyed in 1995 to es-
tablish the extent of changes since they were first
surveyed 30 years earlier, before the Manapouri
power scheme was completed in 1969. This scheme
resulted in more than a 3-fold increase of freshwa-
ter inflow to Doubtful Sound, through a tailrace to
Deep Cove. Thickness of the low salinity surface
layer exceeded the tidal range and was greater at high
than low contemporary volumes of tailrace inflow.
Intertidal habitats were mostly steep shores of solid
rock, little more than 2 m in vertical extent. Fresh-
water run-off, groundwater seepage, and aspect to
sun were all major factors affecting the intertidal
communities. Algae and lichens dominated shore
communities. Normally common invertebrates were
scarce, especially molluscan grazers. Major changes
since the early 1960s included almost total disap-
pearance of Hormosira banksii and exclusion of
many other species notably Apophloea lyallii and
Elminius modestus to outer reaches of the Sound.
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INTRODUCTION

Only one previous account has been published on
intertidal communities in the whole of Fiordland,
New Zealand, that of Batham (1965). Her study was
based on three brief visits to Doubtful Sound, in
1957, 1960, and 1963, before construction work
began on the Manapouri power scheme. The power
scheme was commissioned in 1969, several years
after Batham's study was carried out, and resulted
in major modification of the hydrographic environ-
ment in Doubtful Sound. Nearly the entire flow from
catchments of Lakes Te Anau and Manapouri, and
the Mararoa River, was diverted into Doubtful Sound
through a new tailrace discharge located at the head
of Deep Cove (flow c. 450 m3 s~'). As a result of this
diversion, the total volume of freshwater inflow is
now between 3- and 4-fold that previously received
by the Doubtful/Thomson Sound complex (Stanton
& Pickard 1981; Bowman et al. 1999). The
maintenance and dynamics of the near-surface low-
salinity-layer (LSL), in relation to rainfall, and
especially to wind stress, have been studied recently
by Gibbs et al. (2000).

Verbal reports, based on cursory observations by
workers engaged on hydrographic and sublittoral
ecological studies in the early 1990s, indicated that
the intertidal communities there were quite different
from those found 30 years ago by Batham (1965).
The purpose of our present study was to follow-up
Batham's survey to investigate and quantify the
nature and extent of changes to the intertidal
communities in Doubtful Sound. When one
considers that surface stratification of the increased
buoyant freshwater flow has the potential for a more
direct impact on intertidal communities, than on any
others, through further dilution and thickening in the
LSL, it is surprising that the effects have not been
previously investigated.

The present study, like Batham's earlier work, is
based on only three brief visits to Doubtful Sound.
Where Batham's visits were all made in late summer,
ours could only be undertaken in winter. Seasonal
differences are likely to account for minor



664 New Zealand Journal of Marine and Freshwater Research, 2001, Vol. 35

166.9 167.0 167.1 167.2

45.2

4S.3

45.4

45.5

Kilometres

Deep Cove
(enlarged scale)

45.2

Fig. 1 Map of Doubtful Sound,
New Zealand showing site loca-
tions used in the survey of inter-
tidal communities. Stations of Site
2 were not surveyed during the
study and Station 8S was only ob-
served from a boat, without land-
ing.
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differences in species occurrence and abundance, as
nearly all are long-lived and little significance can
be attached to those likely to be ephemeral. Our
results are more quantitative than Batham's but there
was insufficient time for us to replicate our
observations. The results are presented here because
it has not been possible to undertake further work
and to alert others to the need for a more
comprehensive study.

PHYSICAL ENVIRONMENTAL ASPECTS
OF DOUBTFUL SOUND SHORES

The most distinctive feature of the physical
environment of Doubtful Sound shores is their
continuous exposure to the diluted waters of a
surface LSL which is generally thicker than the
intertidal range (McCully 1995; McCully et al.
1995). In the Doubtful Sound mainstem (Fig. 1),
McCully et al. (1995) found typical surface salinity
values less than 10 psu, compared with typical values
around 35 psu for undiluted water in the adjacent

open sea. The thickness of the low salinity surface
layer increased from less than a metre at the entrance
to more than 5 m at the head of the Sound, in both
Deep Cove and Hall Arm. Because the thickness of
this LSL is greater than the intertidal range, shore
organisms were considered to be continuously
exposed, at all states of tide, to the physiological
stresses associated with reduced salinity.

Doubtful Sound is the second longest of all the
New Zealand fiords. It has an average width of c.
1.2 km, with mountainous side walls which become
progressively steeper and narrower away from the
ocean (Fig. 1). The innermost reach, near the head
of Hall Arm, is some 40 km from the open sea, less
than a kilometre in width, and closely surrounded by
mountains of c. 1300 m altitude. In winter it is not
uncommon to find places on the innermost shores
where snow avalanche debris has fallen from the tops
to the water's edge.

The intertidal range in Doubtful Sound is c. 2.0 m
at spring tides and 1.0 m at neaps (LINZ,
www.hydro.linz.govt.nz/tides/secportsAVestport.html),
which makes the intertidal zone appear quite


