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Macr oi nf auna of
Wai nui Beach south of the Hanmanatua Strean

an assessnent of changes associated with beach erosion

1. | NTRODUCT! ON

Wai nui Beach, situated just to the east of G sborne, is a
4.3 kilonmetre-long, broadly arcuate sandy shore which is fully
exposed to the waves of the southern Pacific Ocean. The beach
is limted by nudstone headl ands at either end and bi sected by
t he Hamanatua Stream which drains a small catchnent in the
adjoining hills. The anount of sedinment supplied to the beach
fromthis source is negligible and even under conditions of
heavy rainfall it is unlikely that salinities in the surf zone
fall below 30°/00. Sea surface tenperatures in the region range
from14- 19eCc ( Garner 1969) and the tides are sem -diurnal wth
a maxi numrange of 1.8 netres. The wave climate is mxed, with
southerly swells originating in the westerlies south of New
Zeal and, and | ocally generated southerly and northerly storm
waves (Pickrill & Mtchell 1979).

Er osi on of the southern headl and hinge point has initiated
retreat of the adjoining portion of Wainui Beach and the sea
now t hreatens residential properties built on the primary dune.
A resource consent is being sought for the construction of
further protective structures along the worst affected portion
of the shore and the Departnent of Conservation initiated the
present study to assess the inﬁact that nodification of the
nat ural processes occurring on the beach m ght be having on the
beach habitats and their macroinfauna. Field studies relating
to the assessnent were carried out on 21-23 April 1993 during a
peri od of spring tides.

This report describes the conposition, distribution and
abundance of the macroinfauna at two sites on Wai nui Beach
south of the Hamanatua Stream one representing the 'stable'
and the other the actively eroding portion of the beach;
assesses the changes in the fauna that appear to have taken
pl ace as a result of the beach erosion; and exani nes the
possi bl e rol e existing beach protecti on neasures may have
pl ayed in these changes.
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2. DESCRI PTI ON OF STUDY AREA

Wai nui Beach south of the Hamanatua Stream can be divi ded
into two norphol ogical units, a northern unit and a southern
unit, separated by a relatively short transition zone. In the
northern unit the intertidal area is relatively uniformin
wi dth and is backed by a devel oping primary dune partially
covered with spinifex and marram (Fig. 1). The profile of the
| ower two-thirds of the beach is slightly convex and that of
t he upper one-third concave, with the drift line at the tinme of
the study | ocated several netres to seaward of the base of the
devel oping primary dune. In contrast, the intertidal area of
the southern unit varies in width, becom ng progressively
narrower fromnorth to south and finally tapering out against a
smal |l pronmontory (Fig. 2). The beach profile is slightly con-
cave and the drift line in nost places is situated agai nst or
I n anongst the railway irons, |arge boulders, sheet piling,
gabi ons and tinber variously used to formprotective structures
at the foot of a scarp cut into the seaward face of the primary
dune. The scarp is several netres high and the dune is topped
by urban devel opnent.

3. SURVEY METHODS

~ A single sanpling site was sel ected in each of the norpho-
| ogical units identified and descri bed above, these sites being
taken to represent the '"stable' (Site A) and actively eroding
(Site B) portions of the beach respectively.

Site A ( Northern unit)

A transect was extended fromthe base of the devel opi ng
primary dune to below the swash line at low tide and ten equal -
|y spaced sanpling | evels marked, the uppernost above the drift
line, the second on the drift line, and the last in the swash
zone. At each |evel the macroinfauna was sanpl ed by taking two
replicate 0.03 m2 cores (1 netre apart) to a depth of 30 cm
Each core was washed through a 1 mm nesh sieve and the residue
retained on the sieve preserved in 5% formalin in seawater. In
the | aboratory the animals were hand-sorted under a bi nocul ar
m croscope, identified and counted. In addition to the quanti -
tative sanpling, a qualitative collection was nade over the
shore, especially along the drift |ine. Abundance per running
metre of beach was obtained by |inear interpolation between the
sanpling levels after cal culating nmean abundance per gz at each
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Fig, |; Viewalong a portion of the northern unit at \Winui Beach, |ooking south.
The transect at Site A runs across the beach about 20 n fromthe canera position,
Tuaheni Point (centre, far distanced marks the entrance to Poverty Bay,

Fig. 2; Viewalong a portion of the southern unit at \Winui Beach, |ooking south,
The transect at Site B runs across the beach a few metres in front of the steps,
which lead to the end of Lloyd George Road,
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| evel . Species found only in the qualitative collection were
assigned an arbitrary abundance of 10 mp-1 (follow ng MLachl an
1990).

The profile of the transect was surveyed using a buil ders
| evel and graduated staff to obtain the slope. The positions of
the drift line and the low tide effluent Iine were noted, and
the depth to the water table neasured at each sanpling | eve
above the latter point shortly after low tide. Sand sanples for
particle size analysis were taken at three levels on the shore
( upper, md and | ower beach), oven-dried at 6oec and dry sieved
through a set of screens at 1 phi intervals to determ ne nean
particle size and sorting paraneters (Folk 1968).

Wave hei ght and period values were obtained fromMnistry
of Works & Devel opnent waverider data coll ected off Tatapouri
Point, 4 kmnorth of Wi nui Beach. From estinmated nodal sig
ni fi cant breaker hei ght, wave period, and sand fall velocity,
Dean' s di nensi onl ess paraneter (Short & Wight 1983) was cal -
cul ated as a neasure of nodal norphodynanic state: fL = Hp/Ws.T,
where Hr IS breaker height in cm ws the sand fall velocity in
cm s=1 ( G bbs et al. 1971) and T the wave period in seconds.

Site B ( Southern unit)

The sanpling and anal ysis procedure was the sanme as that
used for Site A except that only four equally spaced sanpling
| evel s were used, the uppernost just outside the protection
works at the top of the beach and the |owest in the swash zone.

4. SURVEY RESULTS

Site A ( Northern unit)

Site A was | ocated opposite the primary school (Gid ref-
erence NZMS 260 Y18 515675). The beach nmeasured 50-55 m from
the lower limt of the low spring tide swash zone to the base
of the devel oping primary dune, the lower two-thirds slightly
convex with an average slope of 1 in 21, and the upper one-
third concave with the slope rising steadily to reach 1 in 6
between the drift line and the base of the dune (Fig. 3). The
nmean sl ope across the full width of the beach was 1 in 18. The
drift line was discontinuous and diffuse, |located 5.5-7 mfrom
t he base of the dune and consisting principally of small pieces
of algal wack partially buried in sand. The low tide effluent
line was 42 mfromthe base of the dune and the depth to the
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Fig. 3: Viewof the transect at Site A Winui
Beach, fromthe low tide swash zone, The dist-
ance to the base of the devel oping primary dune
is 48 m The pegs mark the sanpling |evels used
to exanine the macroinfauna,
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water table at low tide increased steadily | andwards to be 890
mmat a point 6 mto seaward of the base of the dune. The sedi -
ment of the upper beach consisted of noderately well sorted
sand (Mz = 1.78 ¢, o= 0.59 ¢); of the middl e beach noderately
sorted slightly gravelly sand (M = 1.36 ¢, o =0.77 ¢) and of
the | ower beach poorly sorted gravelly sand (size distribution
strongly binodal, Mz = -0.37 ¢, o = 1.55 ¢) The carbonate
content was very high in all grades coarser than 2 ¢ across the
full width of the beach. Dean's paraneter, based on H» = 1.1 m
T =28.5s, and the fall velocity of the estinmated nean particle
si ze across the beach, was calculated to be 1.8.

The macroi nfauna at Site A was confined to sanples from
the upper intertidal, drift line and supralittoral zone |see
Appendi x 1); no animals were found in sanples fromthe m ddl e
and | ower beach. The tenebrionid beetle Chaerodes trachyscel -
i des occurred in the supralittoral zone, the talitrid anphipod
Tal orchestia quoyana on the drift line, and the oniscoid isopod
Scyphax ornatus in the upper intertidal. The qualitative col -
| ection showed that T. quoyana was | ocally abundant al ong the
drift line under pieces of algal wack, and was acconpani ed
there by Chaerodes trachyscelides. An unidentified species of
ol i gochaete was al so present, but was rare. The total nunber of
speci es recorded was four. The esti mated abundance of the
macr oi nf auna based on the transect and qualitative data was 480
m-1,

Site B (Southern unit)

Site B was located just north of the end of Lloyd CGeorge
Road (Gid reference NZMS 260 Y18 511664). The beach neasured
35-40 mfromthe lower limt of the low spring tide swash zone
to just inside the protection works at the top of the beach,
t hese consisting of a row of railway irons behind which were
| arge boul ders piled up against a scarp (Fig. 4). The beach was
slightly concave, the lower two-thirds with an average sl ope of
1 in 26 and the upper one-third 1 in 18. The nean sl ope across
the full wdth of the beach was 1! in 23. Cccasional flat cob-
bl es were present on the sand over the |ower two-thirds of the
beach at this site but were nore nunerous and al so present on
the upper part of the beach in other places along the southern
unit. The drift line was situated in anongst the boul ders at
the top of the beach. The low tide effluent Iine was 36 mfrom
the front of the protection works and the depth to the water
table at low tide increased steadily | andwards to be 570 nmm at
the front of the protection works. The sedi nent of both the
upper and m ddl e beach consisted of noderately well sorted sand
(M = 2.20 and 2.07 ¢, o = 0.60 and 0.64 ¢ respectively); and
of the | ower beach noderately sorted slightly gravelly sand (M
=1.81 ¢, oo =0.81 ¢). Carbonate was only conspicuous in the
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Fig, 4; Viewof the transect at Site B, Wainui
Beach, fromthe low tide swash zone, The dist-
ance to the row of railway irons at the base
of the protection works is 40 m
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-1 ¢ and 0 ¢ grades fromthe |ower beach. Dean's paraneter,
based on H, = 0.8 m T = 8.5 s, and the fall velocity of the
mean particle size across the beach, was calculated to be 3.7.

No macroi nfauna was present in any of the core sanples
taken at Site B. However, the qualitative collection showed
t hat the anphi pod Tal orchestia quoyana was abundant under drift
material within the protection works at the top of the beach,
acconpani ed by small er nunbers of the oniscoid isopod Ligia
novaezeal andi ae. The total nunber of species recorded was two.
The estimated abundance of the macroi nfauna based on the qual -
itative data was < 100 m-1.

The macr oi nf auna

The species taken in the course of the survey are |listed
bel ow al ong with notes on their biology.

Phyl um Annel i da

Class digochaeta

Genus and speci es not determ ned

Pilgrim(1969) notes the occurrence of Pontodrilus matsushi-
mensi s under logs in the supralittoral zone of sandy beaches in
Canterbury. This species is widely distributed on islands in
the Pacific Ocean, including Chathamlsland (Lee 1959). The
present specinmen, which is inconplete, probably belongs to this
speci es.

Phyl um Art hr opoda

Cl ass Insecta

O der Col eoptera

Fam |y Tenebri oni dae

Chaer odes trachyscelides Wite

North Island: apparently generally distributed (Hudson 1934).
A characteristic species of the drift Iine and supralittoral
zone, Chaerodes trachyscelides adults feed principally on de-

cayi ng al gae, are active on the surface at night, and burrow
into the sand during the day (Harris 1970a, b). Endem c.

Cl ass Crustacea

O der Anphi poda

Fam ly Talitridae

Tal orchestia quoyana (M | ne- Edwar ds)

North Island, South Island; sandy beaches throughout. Endemi c.

Order |sopoda

Fam |y Ligiidae

Li gi a novaezeal andi ae Dana

Kermadec | slands, North Island, South Island, Stewart Island;
under stones on rocky beaches (Hurley 1961). Endem c
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Fam |y Scyphaci dae

Scyphax ornatus Dana

North Island: sandy shores throughout. South I|sland: Westport
( Hurley 1961). The species constructs a cylindrical vertical
burrow of 20-30 centinetres depth and the adults are nocturna

scavengers (Maclntyre 1963). Endem c.

5. DI SCUSSI ON

5.1 BEACH ENVI RONMENT

Cener al

Exposed sandy beaches can be classified into three general
nor phodynam c types - reflective, internediate and di ssipative,
based upon the interaction between wave energy, sand particle
size and sedi nent abundance (Short 1979; Short & Wi ght 1983;
Wight et al. 1985). Reflective beaches are produced by | ow
waves, particularly in areas of coarse sand (nmean grain size >
0.5 mm. They may al so occur on noderate to high energy coasts
where the sedinents are conposed of gravel, or sand and shingle
(e.g., the east coast of the South Island, MLean & Kirk 1969).
Such beaches are relatively high, fronted by a steep beach face
whi ch grades into a coarse low tide step. There are no surf
zone or bar features and waves surge and col |l apse close to the
base of the beach face with nmuch of the incident wave-energy
being reflected. Dean's paraneter has a value < 1.

Conbi nati ons of high waves (> 2.5 m and fine sand (nean
grain size < 0.25 mm) result in dissipative beaches character-
I sed by a wide | ow gradi ent beach face extending fromthe foot
of the dunes to an even flatter |ower beach face and surf zone.
Waves break well to seaward of the shoreline and several subtle
bars or breaker zones nmay be present across the surf zone, thus
di ssi pati ng nost of the wave-energy before it can reach the
beach. Dean's paraneter has a val ue > 6.

| nt er nedi at e beaches require nedi um sands (nean grain size
0.25-0.50 mm and noderately high waves (1-2.5 n) and can be
subdi vided into four beach states - bar-trough, rhythm c bar
beach, transverse bar-rip, and ridge and runnel - representing
a transition fromdissipative to reflective. Short (1980) found
that on nedium grain size beaches the hi gher energy bar-trough
system persi sted when nodal waves exceeded 2 m the rhythmc
bar - beach when waves were 1.5-2 m the transverse bar-rip when
waves were 1-1.5 m and the ridge and runnel when waves were
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approximately 1 m Internedi ate beaches are common al ong shores
faci ng noderate energy east coast swell environnents and have
Dean's paraneter val ues between 1 and 6.

Site A ( Northern unit)

The el evation of the base of the devel oping primry dune
above sea level at low water spring tide at Site A is approx-
imately 3.5 m which is considerably in excess of the maxi mum
spring tidal range of 1.8 m This suggests that in nost circum
stances the upper end of the dynam c swept prismis acconodated
w thin the present subaerial beach. Also, a bermis present
m dway down the profile, consistent with onshore novenent of
sediment during the | ate sumrer/autum period of | ow energy
condi tions preceding the survey. Overall the beach norphol ogy
supports the assunption that Site A represents a relatively
stabl e portion of the shore.

The sedinent at Site A consists principally of medium sand
(0.25-0.50 mm across the upper and m ddl e beach, then grades
seawards to a m xture of coarser sands (0.50-2.00 nm and small
gravels (2.0-64.0 mm in the low tide region. Significant wave
hei ghts offshore range from 0.5-2.0 m w th occasional storm
waves of up to 6-7 m Wave periods range from 7-12 seconds. A
nodal significant breaker height of 1.1 mand period of 8.5 s
has been adopted here, and the Dean's paraneter cal cul ated for
the site classifies it as an internedi ate beach, consi stent
wth the Short & Wight nodel. However, the steep upper beach
profile suggests the site has a tendency to becone refl ective
at high tide, especially in winter or during nmajor stormevents
when the berm may be planed off and replaced by a broad concave
profile extending across the full width of the beach.

Site B ( Southern unit)

The beach norphology at Site B contrasts nmarkedly wth
that of Site A The profile is slightly concave across the
entire wwdth of the beach, with no md-profile berm steep
upper beach face, or sandy supralittoral zone. The el evation of
the foot of the scarp at the top of the beach above sea | evel
at low water spring tide is about 1.7 m which although greater
than the nean spring tidal range, is still 0.1 mless than the
maxi mum range. The present subaerial beach, therefore, pro-
vides little or no buffer against wave set-up or storm surge;
the latter may el evate sea level by up to 0.6 m (Heath 1978).
Consequently, both the existing protection structures and the
primary dune lie within the dynam c swept prism

Wave energy otherw se absorbed by the sand renpbved from
the limts of the active prismby a protection structure nust
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be di ssi pated el sewhere, either by the structure, by the prism
seaward of the structure, or by reflection of wave energy. Wave
refl ection has been observed al ong the section of Wainui Beach
including Site B during stormevents (J. G bb, pers. comm).
Since this | eads to added turbul ence it suggests that the upper
intertidal at Site Bis subject to greater disturbance than the
equi val ent zone at Site A

The sedinent at Site Bis also different to that of Site
A consistingcfrincipally of fine sand (0.125-0.250 mm) on the
upper and m ddl e beach and grading to nedi um sand (0. 25-0.50
mr) containing only occasional small pebbles on the | ower
beach. Waves arriving at the site fromthe south-east, which is
t he predom nant wave direction, are influenced by an extensive
subnerged reef extending seaward fromthe adjacent headl and,
and as a consequence of the | ower wave energy reaching the
shore, the sedinents at Site Bwill tend to contain a greater
proportion of fine sand than those at Site AL This is confirned
by previous sedi nent anal yses fromthe area, although the pre-
sent situation appears to be extrene (J. G bb, pers. comm).
G avel s derived fromerosion of the headlands to the south have
been, and still are, a conspicuous elenment of the littoral sys-
tem al ong the southern portion of Winui Beach |[see p. 6). It
therefore seens likely that the Dean's paraneter cal cul ated for
the site does not represent its nodal state, which historica
data suggest would be closer to that calculated for Site A

| f nopdal beach state at Sites A and Bis simlar, as seens
li kely, and with Site A having been denonstrated to be rel a-
tively '"stable' and unnodified, it can be argued that any cur
rent differences in the habitats and macroi nfauna bet ween t he
sites are the result of beach erosion and/or hunman interference
I n beach processes at Site B.

5.2 MACRO NFAUNA

Gener al

Recent studies carried out on beaches in South Africa,
Australia, the west coast of the U S. A and south-central Chile
( McLachl an 1990; Jaramillo & McLachlan in prep.) have shown
t hat beach type, as defined by Dean's di nensionl ess paraneter,
is a good predictor of species diversity, the trend being for
an increasi ng nunber of species towards dissipative conditions.
This control appears to be a conservative feature of sandy
beaches, differing little between zoogeographi c provinces (M-
Lachlan et al . 1993). Abundance and bi omass follow a sim | ar
pattern, but are nore variable as factors other than beach
state also play a role in their determ nation.
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The majority of the published studies on New Zeal and' s
exposed sandy beaches are descriptive or autecol ogical rather
t han synecol ogi cal . Exanpl es of general descriptive accounts
can be found in Aiver (1923), Mclntyre (1963), Knox (1969),
Morton (1973) and Morton & MIler (1968). Autecol ogical studies
have been directed mainly at economcally inportant species of
bi val ve nol | uscs, nanely, the toheroa and its relatives (Mesta-
yer 1921; Cassie 1951, 1955; Rapson 1952, 1954; G eenaway 1969
Street 1971; Waugh & G eenaway 1967; inter alia), although
Devi ne (1966) has studied Callianassa and Fi ncham (1974, 1977)
the intertidal sand-dwelling peracarid fauna of Stewart Island
and the North Island. Some autecol ogi cal data on species from
exposed sandy beaches can al so be found in various taxonon c
wor ks (for exanple, Hurley 1956; Hurley & Murray 1968; Dawson
1959; oper & Fincham 1974; and Jansen 1978).

Quantitative synecol ogi cal studies on New Zeal and' s sandy
beach macrofauna are few (Fincham 1974, 1977; Wod 1963, 1968;
Morgans 1967a, b; Morton & MIler 1968) and not all relate to
fully exposed sites. Also, although all of the studies have
used transects as the basis for sanpling, other details of the
nmet hods have varied considerably. Thus there is no represent-
ative and consistent data set to provide a meani ngful overview
of the relationshi ps between physical and biol ogi cal paraneters
on New Zeal and' s exposed sandy beaches.

East coast North |Island sandy beaches in particul ar have
remai ned virtually unstudied: the only published work is that
of Fincham (1977), who detailed the conposition and abundance
of the intertidal peracarid Crustacea at Westshore near Napier
(39°29’s, 176°53’E) and at Castl epoint (40°54°'S, 176°13'E). In
both cases the section of beach exam ned was situated in the
| ee of a headl and, had a north-westerly aspect, and the sedi-
ments were fine sands. Neither is directly conparable with
Wai nui Beach and it will be necessary to use overseas data to
assess if the pattern of nmacroinfauna at Site A is consistent
with the prevailing environnental conditions on Wi nui Beach
south of the Hamanatua Stream

Site A ( Northern unit)

A conparison of Site A at Wai nui Beach with six other
beaches fromsiml|ar wave and tide environnents el sewhere in
t he Sout hern Hem sphere (Table 1) shows that the species diver

sity and abundance recorded for Site A also are consistent with
t hose of the other beaches.

McLachl an (1990) and McLachlan et al. ( 1993) argue that it

is not the beach state or type itself that is inportant for the
macr oi nfauna, but the swash climte associated with it. There
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TABLE 1

Envi ronmental and nacroi nfaunal features of Site A Winu
Beach, and six other Southern Hem sphere beaches. Slope =
1/ mean gradient fromabove the drift line to the low tide
swash zone. Hn/Ws.T = Dean's di mensionl ess paraneter for
which < 1 =reflective, > 6 = dissipative, and 1-6 = inter-
nedi at e beach types.

Beach location Tide type Wave Wave  Sand Slope Hs/  No. Abundance
& coordinates § maxinum  height  period Mz W:.T Spp (m!)
(Source) range {a) B (m} T (zec) (pn)

Thompsons, South Africa seni-diurnal 1.3 8.5 362 1/10 2.9 3 105
31005°8, 30010'F 2.1

{Wooldridge et al. 1981)

los Nolinos, Chile seai-diurnal 1.0 8.0 369 1/14 2.3 6 18925
39051°S, 73023'W 1.5

{McLachlan et al. 1993)

Sodwana, South Africa seni-diurnal 1.3 8.0 k)| /18 2.5 % 201
27025'S, 32044'F 2.1

{Dye et al. 1981)

Site A, Wainui, N.Z, semi-~diurnal 1.1 8.5 520 1/18 1.8 4 480
38040°S, 178°05'R 1.8

(This study)

Codihue, Chile semi~diurnal 1.0 3.0 674 1/13 1.0 1 80
39051'5, 73023'W 1.5

{McLachlan et al, 1993)

Blythdale, South Africa gemi-diurnal 1.4 8.5 8176 1/5 1.2 1 3
29016'S, 31016'R 2.1

(Dye et al. 1981)

Kelso, South Africa semi-diurnal 1.4 8.5 936 1/8 1.1 1 5

30016'S, 30°40'E
(Dye et al. 1981)

2.1

Coast al

Hut t
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is a consistent relationship between beach type and swash cli -
mate features (MArdle & McLachl an 1991, 1992). As reflective
condi tions are approached swash periods shorten and approach
wave period, swash speeds increase and tend to be high through-
out the tidal cycle, and there is increasing swash activity
above the effluent line. Dissipative beaches display the oppo-
site swash features. Physical stress in the swash zone thus
i ncreases fromdissipative to reflective beaches and excl udes
nore and nore species until, in the fully reflective situation
only supralittoral fornms (talitrid anphi pods, ocypodid crabs,
insects) which live 'outside' the swash climte remain.

This 'swash excl usi on hypot hesis', suggested by MLachl an
et al. (1993), still needs to be tested experinentally. How
ever, the zonation pattern exhibited by the macroi nfauna at
Site A, which has a talitrid anphi pod, an oniscoid isopod, an
i nsect and an ol i gochaete occupying the uppernost intertidal,
drift line and supralittoral zone, is consistent both with the
hypot hesis and with the zonation pattern described for beaches
of simlar norphodynam c status at about the sanme latitude in
south-central Chile (Jaramllo & McLachlan in prep.).

The evi dence suggests that Site A can be taken as repre-
senting the natural pattern of the macroi nfauna of Wi nui Beach
south of the Hamanatua Stream

Site B ( Southern unit)

The beach environnent at Site B differs fromthat at Site
A in a nunber of respects relevant to the macroi nfauna. Beach
wdth (i.e., the area of available habitat) is |ess, but nore
significantly, it is the steep upper intertidal and supralit-
toral zones, the |evels occupied by the macroinfauna at Site A,
which are nodifi ed and absent respectively. Adrift line is
present, but as it is entrapped within the protection struct-
ures at the top of the beach it is therefore subject to fre-
quent subnergence in the surf water. Such conditions can be
tolerated by gill-bearing forns (such as anphi pods and i sopods)
whi ch can breathe in both water and danp air, but excludes
tracheate fornms (such as insects) which are adapted primrily
for air-breathing. The appearance of Ligia novaezeal andi ae,
whi ch was not recorded at Site A is probably related to the
presence of the boul ders, since stony beaches are the nore
typical habitat of this species.

Under conditions of beach retreat through a dune belt
er osi onal events would be foll owed by rebuil ding of the upper
beach using, in part, material derived fromthe dunes. Inter
pol ati on of a protection structure within the normal limts of
the swept prismprevents this fromoccurring, reducing the
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range, extent, and nature of the habitats available to the
macr oi nfauna. This has happened at Site B on WAi nui Beach and
resulted in a decrease in species diversity and abundance, al -

t hough the overall effect is small since general environnmental

condi tions on Wai nui Beach south of the Hamanatua Stream are
such that the natural pattern is for there to be a macroinfauna
of |l ow species diversity and relatively | ow abundance.

6. SUMVARY AND CONCLUSI ONS

Wai nui Beach south of the Hamanatua Stream can be divi ded
into two norphol ogical units. The northern unit has a profile
which in its upper third progressively steepens |andwards to a
devel oping primary dune partially covered by spinifex and mar-
ram The nmacroi nfauna has a | ow species diversity and rel ative-
Iy I ow abundance and is confined to the uppernost intertidal,
drift line and supralittoral zone. This appears to be the nat-
ural pattern for the beach as its character is consistent with
that recorded for beaches with simlar environnental features
el sewhere in the Southern Hem sphere.

In the southern unit erosion has cut a scarp in the sea-
ward face of the primary dune and as a result protection works
have been constructed in front of the dune. Since these struct
ures interfere with natural beach processes, the upper inter-
ti dal beach sl ope has decreased, the sandy supralittoral zone
has been elimnated, and the drift [ine confined to the base or
interstices of the protection works. Relative to the northern
unit species diversity and abundance is further reduced and the
macr oi nfauna confined to the drift |ine.

To the extent that the protection works have contri buted
to the changes in the upper beach profile in the southern unit
t hey have reduced the areas of, and/or nodified, the habitats
avai |l abl e for macroi nfauna on Wi nui Beach south of the Hanman-
atua Stream Where this reduction and/or nodification has
occurred it has restricted the already |imted nmacroinfauna of
VWi nui Beach to those species capable of surviving frequent
subnmergence in surf water

Coastal Marine Ecol ogy Consultants
P. O. Box 30-667, Lower Hutt



16

REFERENCES

CASSIE, R M 1951: A nolluscan popul ati on of an unusual size
frequency distribution. Nature 167 (4216): 284-285.

CASSIE, R M 1955: Population studies on the toheroa, Anphi -
desma ventricosum Gray (Eulanellibranchiata). Australian
\ZJoulr nal of Marine and Freshwater Research (3) : 348-391,
pls.

COOPER, R D.; FINCHAM A. A 1974: New species of Haustoriidae,
Phoxocephal i dae and Cedi ceroti dae (Crustacea: Anphi poda)
fromnorthern and southern New Zeal and. Records of the
Dom nion Museum Wellington 8 (12) : 158-179.

DAWSON, E. W 1959: An interpretation of the nolluscan genus
Anphi desma in New Zeal and. Journal of the Ml acol ogi cal
Soci ety of Australia 3: 39-58.

DEVINE, C E. 1966: Ecology of cCallianassa filholi M I ne-Edwards
1878 (Crustacea, Thal assinidea). Transactions of the Royal
Soci ety of New Zeal and, Zoology 8 (8) : 93-110.

DYE, A H; MLACHLAN, A.; WOOLDRIDGE, T. 1981: The ecol ogy of
sandy beaches in Natal, South Africa. South African
Journal of Zool ogy 16: 200-209.

FINCHAM A. A 1974: Intertidal sand-dwelling peracarid fauna of
Stewart |sland. New Zeal and Journal of Marine and Fresh-
water Research 8 (1) 1-14.

FINCHAM A. A. 1977: Intertidal sand-dwelling peracarid fauna of
North Island, New Zeal and. New Zeal and Journal of Marine
and Freshwater Research 11 (4) : 677-696.

FOLK, R L. 1968: "Petrol ogy of Sedinmentary Rocks." Henphills,
Texas.

GARNER, D.M 1969: The seasonal range of sea tenperature on the
New Zeal and shelf. New Zeal and Journal of Marine and
Freshwat er Research 3 (2) : 201-208.

G BBS, RJ.; MATTHEWS, MD.; LINK, D. A 1971: The relationship
bet ween sphere size and settling velocity. Jour nal of
Sedi mentary Petrol ogy 41 : 7-18.

GREENAVAY, J. P.C. 1969: Popul ati on surveys of toheroa (Ml -
| usca: Eul amel l'i branchiata) on Northl and beaches, 1962-67.
New Zeal and Journal of Marine and Freshwater Research 3
(2) : 318-338.

Coastal Marine Ecol ogy Consultants
P. O Box 30-667, Lower Hutt



17

HARRIS, A C. 1970a: Coastal beetles of the Wanganui - Manawat u
area. Part 1. Environnental factors and zonation. PBuylletin

of I\Elsat ural Sciences, Victoria University of Wellington 1 :
45- 58.

HARRIS, A C 1970b: Coastal beetles of the Wanganui - Manawat u
area. Part 2. Morphol ogi cal, physiol ogical and behavi oural
adapt ati ons of psamrophil ous burrow ng beetl es. Bull etin
8; E;\l7at ural Sciences, Victoria University of Wellington 1 :

HEATH, R A. 1979: Significance of storm surges on the New Zea-
| and coast. New Zeal and Journal of Geol ogy and Geophysics
22 (2) 259-266.

HUDSON, G V. 1934: "New Zeal and Beetles and their Larvae." Fer-
guson & Gsborn, Wellington. vii + 236 p., 17 pls.

HURLEY, D.E. 1956: Studies on the New Zeal and anphi podan fauna
no. 13. Sandhoppers of the genus Talorchestia. Transact-
ions of the Royal Society of New Zeal and 84 (2) 359- 3809.

HURLEY, D.E. 1961: A checklist and key to the Crustacea |sopoda
of New Zeal and and the subantarctic islands. Transactions
of the Royal Society of New Zeal and, Zool ogy 1 (20) 250-
292.

HURLEY, D.E.; MJRRAY, R H 1968: A new species of Macrochir-
idothea from New Zeal and, with notes on the idotheid
subfam |y Chaetilinae (Crustacea |sopoda: Val vifera).
Transactions of the Royal Society of New Zeal and, Zool ogy
10 (26) : 241-249.

JANSEN, K. P. 1978: A revision of the genus Pseudaega Thonson
(I sopoda: Fl abellifera: Cirolanidae) wth diagnoses of
four new species. Journal of the Royal Society of New
Zeal and 8 (2): 143-156.

KNOX, G A. 1969: Beaches. Pp. 524-535 in Knox, G A (Ed.): "The

Natural Hi story of Canterbury.” A H & AW Reed, Welling-
ton. 620 p., 133 pls.

LEE, K E. 1959: The earthworm fauna of New Zeal and. New Zeal and

Departnent of Scientific and Industrial Research Bulletin
No. 130: 486 p.

Macl NTYRE, R J. 1963: The supralittoral fringe of New Zeal and
sand beaches. Transactions of the Royal Society of New
Zeal and, Ceneral 1 (8): 89-103.

Coastal Marine Ecol ogy Consultants
P. O Box 30-667, Lower Hutt



18

McARDLE, S.B. ; MLACHLAN, A. 1991: Dynam cs of the swash zone
and effluent line on sandy beaches. Marine Ecol ogy Pro-
gress Series 76: 91-99.

McARDLE, S.B. ; MLACHLAN, A 1992: Sandy beach ecol ogy: swash
features relevant to the nacrofauna. Journal of Coastal
Research 8 (2):. 398-407.

McLACHLAN, A 1990: Dissipative beaches and macrof auna com

nmuni ties on exposed intertidal sands. Journal of Coast al
Research 6 (1) @ 57-71.

MLACHLAN, A ; JARAMLLO E; DONWN, T.E ; MWESSELS, F 1993
Sandy beach macrof auna communities and their control by
the physical envi ronment : a geographical conparison.
Journal of Coastal Research, Special Issue 15

McLEAN, RF.; KIRK, RM 1969: Relationships between grain
size, size-sorting and foreshore sl ope on m xed sand-
shi ngl e beaches. New Zeal and Journal of Geol ogy and Geo-
physics 12: 138-155.

MESTAYER, M K. 1921: Note on the habits and uses of the tohe-
roa. New Zeal and Journal of Science and Technol ogy 4 (2) .
84- 85.

MORGANS, J.F.C. 1967a: The nmcrofauna of an unstabl e beach
di scussed in relation to beach profile, texture and a
progression in shelter fromwave action. Transactions of
t he Royal Society of New Zeal and, Zoology 9 (10) : 141-155.

MORGANS, J.F.C. 1967b: The macrofauna of an excellently sorted
i sol ated beach at Kai koura: and certain tidal observat-

ions. Transactions of the Royal Society of New Zeal and,
Zool ogy 9 (11) @ 157-167.

MORTON, J.E. 1973: The Sea Shore. Pp. 93-130 in Wllians, G R
( Ed.): "The Natural Hi story of New Zeal and: an Ecol ogi cal
Slurvey. " AH & AW Reed, Wellington. xviii + 434 p., 40
pls.

MORTON, J.E.; MLLER MC. 1968: "The New Zeal and Sea Shore."
Col lins, London. 638 p., 32 pls.

CLIVER, WR B. 1923: Marine littoral plant and ani mal conmun-
ities in New Zeal and. Transactions of the New Zeal and
Institute 54. 496-545, pls 42-50.

PICKRI LL, R A ; MTCHELL, J.S. 1979: Ccean wave characteristics
around New Zeal and. New Zeal and Journal of Marine and
Freshwat er Research 13 (4) : 501-520.

Coastal Marine Ecol ogy Consultants
P. O. Box 30-667, Lower Hutt



19

PILGRIM R C. L. 1969: Invertebrates of the sea coasts. Pp. 361-
368 in Knox, G A (Ed.): "The Natural Hi story of Canter-
bury." AH & AW Reed, Wllington. 620 p., 133 pls.

RAPSON, A M 1952: The toheroa, Anphidesma ventricosum G ay
( Eul anel i branchi ata), devel opment and grow h. Australian
Journal of Marine and Freshwater Research 3 (2): 170-198.

RAPSON, A.M 1954: Feeding and control of toheroa, Amphidesna
ventricosum Gray (Eulanellibranchiata) popul ations in New
Zeal and. Australian Journal of Mrine and Freshwater Re
search 5 (3) . 486-512, 3 pls.

SHORT, A.D. 1979: Three-dinensi onal beach stage nodel. Journa
of CGeol ogy 87 553-571.

SHORT, A. D 1980: Beach response to variations in breaker
hei ght. Proceedings of the 17th International Conference
on Coastal Engineering, Sydney: 1016-1035

SHORT, A.D. : WRIGHT, L.D. 1983: Physical variability of sandy
beaches. Pp. 133-144 in MlLachlan, A ; Erasnus, T. (Eds):
"Sandy Beaches as Ecosystens." Junk, The Hague.

STREET, R J. 1971: Studies on toheroa at Te Waewae Bay, Sout h-
land. New Zeal and Mari ne Departnent Fisheries Techni cal
Report 70: 22 p.

WAUGH, G D.; GREENAVAY, J.P. 1967: Further evidence for the ex-
i stence of sublittoral popul ations of toheroa, Anphidesnma
ventri cosum G-ay (Eul anellibranchiata), off the west coast
of New Zeal and. New Zeal and Journal of Marine and Fresh-
wat er Research 1 (4): 407-411.

WOOD, D.H 1963: A study of the macrofauna of an exposed "iron
sand" beach and a nearby estuary. Tane 9  1-15.

wooDb, D.H 1968: An ecol ogical study of a sandy beach near
Auckl and, New Zeal and. Transactions of the Royal Society

of New Zeal and, Zool ogy 10 (11) @ 89-115, 1 pl.

WOOLDRI DGE, T.; DYE, A H ; MLACHLAN, A  1981: The ecol ogy of
sandy beaches in Transkei. South African Journal of
Zool ogy 16: 210-218.

VWRI GHT, L.D.; SHORT, A.D.; GREEN, M O 1985: Short-term changes
in the norphodynanmi c states of beaches and surf zones: an
enpirical predictive nodel. Marine Geol ogy 62: 339-364

Coastal Marine Ecol ogy Consultants
P. 0. Box 30-667, Lower Hutt



20

APPENDI X 1:
Envi ronnent al and macroi nfaunal data coll ected at Wai nui Beach
April 1993

TABLE Al

Envi ronnmental and macroi nfaunal data collected at Site A
Wai nui Beach, April 1993. Abundance is based on two 0.03
m2 cores (1 mapart) at each sanpling level. + = present
at this sanpling level but only taken in the qualitative

collection. Cha.t. = Chaerodes trachyscelides, Tal.q. _
Tal orchestia quoyana, Scy.o. = Scyphax ornatus.
Sampling Distance Sediment  Depth to Hean abundance (m-?)
level from base mean vater
of primary particle table
dune (n) size (§) (mm) Cha.t. Tal.q. Scy.o.
1 54 n.d. 0 - - -
2 48 -0.37 0 - - -
3 Effluent line 42 n.d. 0 - - -
{ 36 n.d, 100 - - -
5 30 n.d. 290 - - -
6 2 1.36 320 - - -
1 18 n.d. 380 - - 16
8 12 n.d. 470 - - -
9 Drift line 6 n.d. 890 + 16 -
10 ] 1.78 n.d. 33 - -
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TABLE A2

nf aunal

data collected at Site B

April 1993. Abundance is based on two 0.03
m2 cores (1 mapart) at each sanmpling level. + = present

at this sanpling |evel

col |l ection.

novaezeal andi ae.

but only taken in the qualitative

Tal .g. = Talorchestia quoyana, Lig.n. = Ligia

Sampling Distance Sediment  Depth to Kean abundance (n-%)
level from centre of nean vater
protection particle table
works (a) size (§) (ma) Tal.q.  Lig.n.
1 38 n.d. 0 - -
Effluent line 3
38 1.81 n.d.
2 26 n.d, 100 - -
1§ 2.07 n.d.
3 14 n.d, 210 - -
4 2 2.20 570 - -
Railway irons 1
Drift line 0 + +
Coastal Marine Ecol ogy Consultants
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