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CHAFTER 1
RODUCTION

1.1 Supralittoral pools have been largely ignored by
littoral ecologlists in accounts of the vertical and horizontal
distribution of the flora and fauna of coasts. Pools have been
regarded as essentlally anomalous situations brought about by
shore physiography (Doty, 1957). and reference to them in works
on intertidal ecology has been mainly incidental.

With the development of New Zealand intertidal eeology
the need for detailed studies of specialized communities within
the littoral became evident.

One of the most ubiquitous New Zealanﬁ supralittoral
pool species, the mosquito Opiféx fuscus Hutton had been shown
to be structurally remarkabie by Miller (1922), and although
Kirk (1923) had deseribed 1ts most peculiar breeding habits,
little was known of its biology.

Studies on the ecology of supralittoral pools
presented in this thesis provided,both an insight into the
physical conditions and the blota of a little known habitat,
a8 well as a deseription of the enviromment of 0, fusgus.
Laboratory experiments on the bilology of the mosquito complement-
ed fleld observations so that a stereoscopic plcture of the

animal within its enviromment was obtained,
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1.2 Review of Previous Work
(a) Su toral 81

Several workers have presented descriptive accounts
of rock pools, particularly those of Scandanavian shores, and
made attempts at their classification. Levander (1270) first
suggested a elassification of supralittoral pools. Since then
useful descriptions of Baltic shore pools and their flora and
fauna, have been provided by Gislen (1930), Lindberg (1944),
Johnsen (1946), and Droop (1953)., The first significant New
Zealand contribution to the study of shore pools was made by
Cranwell and Hoore (1938) who ineluded deseriptioné of supra-
littoral and littoral pools in their study of intertidal

commnities of Foor Knights Island.

An analytiecal rather than a deseriptive approach has
been adopted by other ecologists. Klugh (1924) prepared a list
of factors controlling the biota of tide pools. Later
Gersbacher and Denison (1930) tested their importance. Naylor
and 81inn(1958) briefly analysed both the physieal properties
and the biotic constituents of some suﬁralittoral pools on the
Isle of Man. Several accounts of aspeets of the ecology of
brackish pools,with special reference to their algae, have been
given (Yendo, 19143 Feldman and Feldman, 1941§ Nasr and Aleen,
19493 Ambler and Chapman, 19503 Wood, 1952). Jarnefelt
(1940) examined the hydrology of some Swedish shore pools in

considerable detail.

A survey of the literature leads to the following

conclusions.



1. Most studles have been short term, pools belng
exanined only occasionally. With few exceptions (Ambler and
Chapman, Wood) little assessment of change within pools has

been made.

2 Attention has been concentrated on tide pools (sensu
strictu), few detailed investigations of supralit:ioral pools
having been made.

Se Usually the number of pools included within each
survey has been too small for satisfactory comparisons to be

made.

4. Many of the studies have come from the Baltie, where
the brackish sea has been responsible for pool salinities lower
than those obtaining along open coasts. Assumptions that
conditions in Laltie pools apply more widely have led to doubtful
generalisations, such as that made by Doty (1957), "the salinities
of supralittoral pools are too low to permit theilr consideration

as being truly marine.®

(v) 2 sgus

Opifex fuseus was first described by Hutton (1902),
who c¢lassified 1t as a Tipulid Edwards (1921) examined Hutton's
types and transferred Qpifex fuscus to the Culieine mosquitoes,
Edwards found diffieculty in relating Opifeéx to the other Culicine
genera but suggested that it was closer to Aedes than Culex.
Miller (1922) gave a fuller deseription of the external
morphology of all the stages of Qpiféx and ereected a new Sub
Family, Opificinae, for its reception. However Edwards (1924)



regarded this step by HMiller as unjustified and the Sub Fanily

has not been recornised.

Kirk (1923) gave a full account of the peculiar
mating behaviour of 0. fusgus.

In an unpublished thesis Wood (1929) gave an
extensive account of the external and internal anatomy of all
stages of O, fuscus.as well as makins some brief notes on its

biononics.

In 1939 Graham mapped the distribution of nosquitoes,
including Qpifex in the Auckland Provinece, while Miller and
Fhillipps (undated) gave the range of Q, fuseusg as the rocky
eoastline of the North Island and the northern part of the
South Island.

“ore recently Knight and Chamberlain (1548) figured
the »upa 4n detall. in their revision of the nomenclature of
the chaetotaxy of the mosquito pupa, and Roth (1948) reviewed
the functional morphology of Opifex in relation to Kirks (1923)
observations and his own experimental work on the sexual

hehaviour of mosquitoes.

Mattingly (in Yarks, 1958) observed that some Q, fys-us
larvae in a collection made in 1921 by G.V. Hudson have
pectinate hairsin their mouth-brushes instead of all simple
hairs/%éseribed by Hiller. In a review of previous wori: on
Opifex Marks (1958) gave some useful sugrestions for future
research as well as publishinz some of her own observations.
Dumbleton (1962) examlined O, fuseus in relation to a new



subgenus of mosquite from the Chatham Islands: Aedes
seg ) Dumbleton, and the "Caenocephalus™ species group
pa ) Theobald.

Sufficient attention had been directed towards the
anatomy and wmating behaviour of 0. fusgus to reveal that
morphologically and biologieally it was a decidedly aberrant
mosquito, but apart from brief observations by Wood and Marks.

little was known of 1its ecology.



Fig. 1. Southern New Zealand, showing localities at which
supralittoral pools were studied. Scale: 1:5,000,000.
1. Plimmerton. 2. Island Bay, 3. Kaikoura. 4. &oose Bay.
5. Taylor's Mistake., 6. Lyttelton Harbour. 7 Timaru.
8 Shag Point. 9 Nugget Point. 10. Bluff. 11. Oraka Point.



Sixty supralittoral pools along 500 miles of New
Zealand coastline, from Plimerton in the north to Foveaux in
the south,were embraced by this survey (Fig. 1). Twenty
pools were visited at regular intervals between January and
December 1961, eight at Taylors Mistake (Fig. 2) being examined
at least onge a fortnight, six in Lyttelton Harbour at approxi-
mately monthly intervals and four at Goose Bay once a quarter.
Consequently there was an adequate mumber of pools on which to

base comparisons within and between regions,

Data obtained from the pools, including information
relating to their physical properties, flora and fauna and
Opifex fusgus populationswas recorded systematiecally on
cyclostyled sheets.

Part I  THE PHYSICAL ENVIRONMENT

Introdugtions
Only a limited knowledge of the physical ecology of

supralittoral pools could be obtained in the time available,
go detailed investigations were restricted to those aspects
that were most likely to influence the flora and fauna,

especially Qpifex fuseus. The properties selected weres

t. Physiography
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Fig. 2. Map showing location of Giant's Nose, Taylor's
Mistake, where detailed studies of eight supra-

littoral pools were undertaken during 1961.
Scale: 1:25,000,




2 E ] Balinity 13
3e Temperature.
4. Oxygen.

5. Hydrogen ion coneentration.

In subsequent sections each of these fastors is

considered in turn,



2.2 Physiographys
dntrodugtion:
The relevance of the situation, shape and size of
pools lay not nnly in their possible effects on other physical
properties and the biota of supralittoral pools, but also in

the evidence provided of processes of formation and history

of the pools.

Wentworth (1938) distinguished four processes which

can be involved in the formation of shore platforms,

i« Water layer (water level) weathering.
2. Solution benching.
3+ Ramp abrasion.

4. Vave quarrying.

There has been general agreement that all these
processes play some part in the erosion of rocky shores, but
no unanimity as to their relative importance, or their efficiency

at higher levels on the shore.

Methods:

The physiography of a series of pools at Taylors
Mistake was studied in detail, although information from other
pools was included as well. Measurements of the situation,
size, shape, type of sediment, wave exposure, frequency of
splashing and fluctuations in level of pools were made. The
salinity of water within the pools was determined and the nature

of the parent rock, its jointing and fracturing noted.



SEA

ROCK

Jb

& ROCK

© eeees Rock overhanging
L pools.

-
- - -
~

Scale: 1:40 (approx.)
Fig. 3. Diagram showing relationships of supralittoral pools at
the Giant's Nose to the sea and one another.
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Estimations of the relative wave exposure of pools
were based on the following scales

1. Very exposed,
2. Exposed.

3. Semi-exposed.
4. 8heltered.

5. Very sheltered.

Sediment within pools was classified as follows:

boulders, stones, pebbles, sand, mud and detritus.
Results:
The loecation of the Glants Nose, Taylors lMistake,

where detalled investigations were made, 1s indicated in
Fig. 2,while the relations of the pools there to the shore
and each other is mapped in Fig. 3, and illustrated in Fig. 4.
Views of each individual pool at Taylors Mistake are provided
by Figs. 5 - 12 inclusive. These pools at the Giants Nose lie
in platforms between 110 cm.and 470 cum.above mean high wate:é,
with extensive midlittoral pools below. Comparison of the
volume histograms of supralittoral (Fig. 13) and midlittoral
(Fig. 14) pools shows that at the Giants Nose the midlittoral
pools were all much larger than those of the supralittoral.
The largest supralittoral pools ensountered, at Goose Bay and
Kaikoura (Figs. 156 - 19), had volumes more comparable with
Giants Nose midlittoral pools. (Fig. 20). Boulders and stones
covered the bottoms of these large midlittoral pools, Stones
were plentiful in the largest supralittoral pools:25, 31, 32



Fig. L. The Giants Nose, Taylors Mistake, showing uhu
platforms oontaininr supralittoral pools (fore-

-

ground), and midlittoral pools (background).



Pool 1, Taylors Mistake., |[Note

the
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Opifex fuscus adults upon
water surface.



Taylors Mistake

y

Pool 2

Fig. 6




Fige 7 Pool 3, Taylors Mistake




Fig. 8

Pool 3b, Taylors Mistake.



Figs © Pool 4, Taylors Mistake.



Fig., 10

Pool 5 (foreground), Taylors
Mistake. Pool 4 is in the
background.



Fig. 11 Pool 7, Taylors Mistake




Pool 8, Taylors Mistake

Fige 12
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Fig. 13. Volume histograms of supralittoral pools at the Giant's
Nose, Taylor's Mistake.
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Fig. 14. Volume histograms of midlitteral pools
at the Giant's Nose, Taylor's Mistake.




Fig. 15a. The west arm of Pool 31, Goose Bay
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FPig. 17.

Pool 33, Goose Bay.

Note the

Qai_ir’?.}_f_fum
adults upon the surface of the pool.






Fig. 19. Two Kaikoura supralittoral pools (27 and 28).
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Fig. 20. Volume histograms of supralittoral
pools at Goose Bay (31, 32, 33,) and
Kaikoura (25, 26,).



and 33 but there were few boulders, - The sediment in the
smaller pools at Taylors Mistake and elsewhere was mainly sand,

mud or detritus, with only occasional stones.

At Taylors Mistake pools of the midlitioral zone
were naturally all more exposed to wave astion than those of the
supralitioral, but within the latter zone the relative exposure
of the various pools differed, : The irregular
splashing and fiuctuations in level of the supralittoral pools
caused repeated wetting and drying of their walls. Only the
outer lips of the more exposed supralittoral pools were
continually moist, whereas the borders of midlittoral pools

were seldom dry.

Discussion:
Shore planation at the Glants Nose has heen pre-

ceeding at two levels; in the midlittoral, and in the supra-
littoral. The whole area containing pools 2 to 5  1is
surrounded by a ridge of roek, The shallowness of these pools
indicates they are being enlarged faster round their margin than
in depth, wentwortﬁ (1938), Bartrum (1938) and Hills (1947)
attribute these effects to alternate wettine and drying whigh
is especiaily characteristic of this area. Water forus a
physical shield over the pool bottom hampering the influence of
temperature fluctuations except around the margin. While this
water layer (or water level) weathering has been chiefly
responsible for widening pools, deepening has been induced by

mechaniecal abrasion. The results have shown that the most
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exposed pools, containing quantities of boulders, stones or
pebbles,which are potentially abrasive were largest both in
depth and volume. Pools whose bottoms were covered with sand,

mid or detritus have remained shallow.

The geology of an area was found to be iumportant in
deteruining not only where pools occur but also their character.
Poolswere most frequently found where a soft rock cover had
been eroded away from a hard rock undermass, e.g. loess over
basalt-andesite on Banks Peninsulaj sandstone over argillite
" at Shag Point. Large pools have been produced in well
Jointed rock, e.g. Island Bay, Kaikoura, but ponls formed in

less fragile rocks have remained small, e.g. Bluff,

Studies on salinity (section 2.3) will show that
water within pools was seldom of salinity lower than 20°/oo
and usually higher. Joly ( 1901) demonstrated that basalt
obsidian, horneblende ind orthoclase are three to fourteen times
more soluable in salt water than fresh, so it 1s likely that

solution has played at least some part in pool formation.
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2.3 Salinity
Antroduction:

Supralittoral pools have often been assumed to
represent the low end of an onshore-offshore salinity gradient.
in sonme ways analogous to estuaries and lagoons. Eenlogists
who have worked along Baltic shores have especially favoured the
view that supralittoral pools form a transitional environment
between sea aﬁﬂ fresh water, (Levander, 1900, Jarnefelt,1940,
Lindberg, 1944, Johnsen,1946). Several North American workers
have also shared this bellef, (Pearse,1932; Shelford.1935;

Doty, 1857).  All have recognized that super-saline

pools oceur but these have not been regarded as typleal.

In this sestion the salinity of supralittoral pools along the
coast of the South Island is examined and discussed in relation

to previous work.
Het H

The ehlorinities of pools at Bluff, Shag Point,
Akaroa lighthouse, Lyttelton Harbour, Taylors Mistake, Goose
vBay and Kalkoura were determined. Tavlors Mistake pools were
selected for detalled study, chlorinity determination of two
pools being made at fortnightly intervals, and on occasions
more frequently. Chlorinity values of other pools at Tavylors
Histake, Lyttelton Harbour, Goose Bay and Kaikoura were.maasured
on a number of occasions. All these observations were made

between November 1960 and November 1961,

The Mohr titrations were used throughout for
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ghlorinity determination. Standard solution=s were made up con-
taining 27.25 grams of silver nitrate per litre. VWhen
titrated agalnst samples of pool water, using potassium chromate
as indicator, the volume of silver nitrate used was equivalent
to the salinity of the sample. It was found that the salinity
of the pools was usually between the limits of reliabvility for
this method perseribed by Welsh and Smith (1949). Durlicate
determinations were always made,and it proved important to

measure the chlorinity of both surface and bottom water.

Results:
Salinity determinationsfrom supralittoral pools

along the South Island eoast led to a number of conclusions.

1. Adjacent pools of similar dimensions at times differed
considerably in salinity. For example, on Januarv 24th three
pools at Taylors Mistake within an area of ten square metres

exhibited the following salinity values:-

Pool 2 26.0%00
Pool 3 31.2%/00
Pool 4 41.3%/00

On other occasions, e.g. Mareh 29th, the same pools showed

greater parity in salinity:

Pool 2 47.50/00
Pool 3 41.7°/00
Pool 4 41.70/00

2. The above examples illustrate a second characteristic of
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Fluctuations in the salinity of pool 3
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Fig, 23, Fluctuations in the salinity of pool 3 from June 29th to
October 28th,

..... Salinity of normal sea water,

Vertical lines indicate range between surface and bottom
salinity.
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Fig. 24. Fluctuations in the salinity of pool 4 from June 29th to

October 28th.,
Salinity of normal sea water.

Vertical lines indicate range between surface and bottom
salinity.
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supralittoral pool salinity - fluectuation. In fizrs. 21 and 23
are salinity fluetuatiens in Pool 3 from January 27th to April
5th, and June 29th to October 28th respectively. Corresponding
fluctuations in Pool 4 salinity over the same periods are plotted
in figs.22 and 24, Comparison of the graphs for each pool
indicates the influence which the frequenecy with whiech deter-
minatlions were made had on the impression obtained of salinity
fluetuations within each pool. Obviously the more frequently
the determinations were made the more accurately the resulting
graphs portrayed changes in salinity taking place within the
pools. Fluctuations in pool salinity could be traced complete~

ly only with eontimious recording devices,which were unavallabdle.

From figs. 21 « 24 it can bhe seen that changes in
Pool 3 salinity were usually accompanied by corresponding
changes in Pool 4, but as both the graphs and the following
table show fluctuations in Pool 4 took place round a higher
mean than in Pool 3.

IASLE 1

Mean Salinities of Pool 3 and Pool 4,
Taylors Mistake, November 1960 - October 1961

Pool Number of Determinations Mean
3 28 36.3 °/00

4 . | 28 46,7 °/o0
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Fig. 269 Salinity layering in pool 25, Kaikoura,May 1961,
The upper line indicates fluctuations in salinity
at a depth of 60 centimeters,
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This difference in mean salinities wvas eorrelated with
difforences in the dinensions, type »f bottom and temperature
regimes of the pools,and will be discussed after terperature

has been eonsidered.

Chanres in =2alinity were often rapid. Un February
24th Pool 6, Taylors llistake, waus dry. Lain fell on Feumary
28th and by Hareh 12t the pool saliniity wes 69f@ﬁ, rising
withis seven days to 26%/00. 4 week later the ool was again
drffw
3. One of the most notable properties of supralittoral pools

was salinity layering. &

The salinity of water samples taken at two different
levels in Pool 25, Kaikoura, over a perio§ of 8ix days during
May, have been compared in Fig. 26a One serles of samples
was taken fron the surface, a second series from a depth of
60 centinetres., The contrast in the salinity of the two layers
was maintained and accentuated through heavy rain on May 11th
and 12th. With the rain there was a sharp decrease in surface
salinity from 22.5%/00 on Mareh 9th to 0.9%/00 on !areh 12th,
but by March 15th it had increased to 2.3°/00. Over the same
period the decrease in salinity at a depth of 60 em. was only
half that at the surface, droppins from 31.4%/00 on Hay 9th to
21.1°/00 on the 15th.

* All previously guoted salinity values are bottom
salinity.



Salinity stratification wae exhibited by almost all
poocls studled, both large and small. On some ocecasions,
usually after recent rain, an interface between upper and
lower layere of water could be seen within pools. Layering,
once established,was not maintained Indefinitely and for most
pools there were times when little or no difference could be
detected between the salinity of surface and bottom waters.
When stratification was apparent surface salinity was slmost
always lower than bottom salinity. There were occasions,
however, when surface salinlty exceeded that of the bottom by
amounts not creater than 0.3%°/co, just outside the possible
limits of experimental error (0.2°/00). This way have been
due to recent cvaporation from surface water at rates faster

than that at which mixing processes were acting.

Differences between surface and hottom sallnities
were naximl following rain. Extensive algal growth may, as
Chapman (1957) suggested, promote layering. A snall pool,

26, at Kalkoura, supporting a vigorous growth of Enteromorpha,
had a surface salinity of 1.9°/00 and bottom salinity of 6.2%/00
on May 13th. But stratification was equally characteristic of
pools whieh had little or no filamentouskalgaa. On June 29th
Pools 3 gnd 4, Taylors Mistake, contained only scattered algal
filaments yet at ﬁh&t time were strongly stratified:

Pool 3 Surface salinity 28.,6°/00 Bottom salinity 36.3°/oo
Pool 4 " " 26.7°/00 " " 39,5%00

Pool 33, (bose Bay, on October 15th had a thick mat of
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Enteromorpha extending completely across the pool, separating
upper and lower water layers. Yet there was no difference

between surface and bottom salinity.

It has previously been demonstrated that fluctuations
in the mean salinitles of Pool 3 and 4, Taylors liistake, tended
to follow similar trends. The relationship between stratifi-

cation was much less precise, as the followinz table shows.

TABLE 11

Salinity Stratification in Pool 3 and
Pool 4, Taylors Mistake

Date Differenges between surface and bottom
init
Pool 3 Fool 4

20/2 0 143
26/7 37 2.5
23/8 1.0 0.4
19/9 8.6 0e3
5/10 6.0 549
8/10 063 0
18/10 0e3 Oe1
4/11 Oe1 1.7

4., Although supralittoral pool salinity varied both in time
and with depth, the range of flusctuation differed betweeg pools.
The recorded rances of salinity of six pools from Taylch
Mistake, Diamond Harbour, Goose Bay and Kaikoura have been

graphed in Fig. 25. In Fig. 26 these ranges are broken down
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into those of surface and bottom salinity.

Pools of Lyttelton Harbour, represented by Pool 14,
were among the smallest studied, the largest of these being no
more than a few litres in volumes. Their salinities were
higher than those of larger pools. In every one of twenty
determinations their salinity was above 350/00, and the highest
salinity reeorded, 90.9°/c0, was from Pool 14, Diamond Harbour
on December 18th, 1960.

Only four of twenty eight determinations from Pool
4, Taylors Mistake, were lower than 35.0°/00, compared with

twelve of thirty from Pool 3.

On the other hand the much larger pools of Goose
Bay and Kaikoura were never significantly more saline than
normal sea water (35°/0o). Although surface salinity of these
pools fell after rain to almost fresh water, botton salinity

was never less than 20@/00.

Discussion:
1. IThe Causes of Salinity Stratification

A few authors have noted the presence of salinity
stratification within supralittoral pools (Gislen,1930; KNaylor
and 8l1inn,1958; Remane and Schlieper,1958) but no attempt has
been made to explain how it comes about. Estuaries and lagoons
have long been known to be stratified. layering within
estuaries and lagoons has been adequately accounted for in terms
of outward movement of fresh-water and inward mcveﬁent of sea

the
water. [Emery et al (1957) have drawn attention to/influence
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which the balance between evaporation, precipitation and
rainfall has on the types of stratification found within estuaries.
Supralittoral poels, unlike estuaries,are not continually subiected

to the flow of stream or tide.

Disturbance of pools by wind and waves broke down
density layering. On October 5th Pool 3, Taylors Mistake, was
strongly stratified, with surface salinity 22.6%/00 and bottom
28.6%°/00. The water volume within the pool had been consider-
ably inereased by October 8th from sea splashing, raising the
total salinity, but breaking up the stratification. Surface
salinity was 35.0°/00, bottom 35.3%/00 on October &th,

Any cireculation induced by evaporation or other
agents within pools could only aet towards the restoration of
homogeneous water conditions. The inability of evaporation
to promote stratification was demonstrated in an experiment in
which a buecket containing a 35 grams per litre (35%°/oo) solution
of NaC1 was left standing for three months. During this time
a litre of water evaporated, but no fresh water was added.

After three months the surface and bottom salinities had both
risen but they were still exactly equal at 37.2%00.

After rain contrast between surface and bottom
salinity was maximal. On May 9th surface salinity of Pool 25,
Kaikoura, was 23.5°/oo, bottom 31.4°/00. Following rain,
by May 12th the respective values were surface O.9°/oo, bottom

25°/00, an increase of 15.7°/00 in the difference. Density
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stratification, it was concluded, is initially established in
supralittoral pools when water of lower salinity comes to
overly water of higher salinity already within pools. Rain
was the most coumon ¢ause of stratification although seepage
of fresh water on to pool surfaceq?g§§;ed salinity layering.
If the layering processes were not accompanied by disturbance
of the péol, a sharply defined zone of transition was set up

between waters of different density within the pool.

2e Limnological Terminology for Sypralittoral Pools.

~ Adopting Hutehinson's (1937) adaptation of
Findeneggs (1935) terminology for chemically stratified masses
’of standing water, supralittoral pools are meromictic. Just
as a normal (holomictic) thermally stratified pond or lake ason-
sists of an epilimnion and hypolimnion separated by a
thermocline, a meromictic pool consists of an upper region,

the mixolimnion and a lower region termed by Findenegg, the
monimolimnion. The zone of transition, where the rate of
shange of concentration with depth 1s maximal is termed the

chemoaline.

3. The Stabllity of Salinity Stratification

Ruttner (1953) presented a table showing how

specific gravity increases with salt content:
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TABLE 111
Salt Content Specific Gravity
/00 (g. per litre) (at 4°C)
0 1 . 00000
1 1.00085
2 100169
z 100251
10 1.00818
35 1.02822

It follows from these data that the specific gravity increases
nearly linearly with inereasing salt content. A salt content
of one gram per litre increases the speeific gravity by about
0,0008, whereas the difference in density attendent on a

change in temperature from 4% to 5% 1s 0,000008. To com-
pensate this difference in density requires an inerease in salt

congentration of only 10 milligrams per litre.

Thus, in supralittoral pools, salinity stratification
overides any tendency for the development of types of thermal

stratification often found in bodles of standing fresh water,

4, The Classification of Brackish Waters

Segerstrale recently (1959) presented a comprehensive
historical survey of marine water classification as an
introduction to the 1958 Venlice Symposium on the Classification of
Brackish Wter.Consequently an historical review of the literature
would ve superfluous here, but a discussion of the Systen for

the Classification of Marine Waters according to Salinity



adopted by the Venice Symposium 1s revelant.

The system adopted by the Symposium znd recommended

for universal application was as follows:

IABLE IV

The Venice System for the Classification
of HMarine Waters According to Salinity

Zone Salinity °/oo
Hyperhaline -~ 40
Euhaline 240 - 30
Mixohaline (£ 40) & 30 =« I 0,8
Mixoeuhaline - 30 but adjacent

euhaline sea

(Mixo ~) polyhaline <30 -~ =18
(Mixo -) mesohaline -18 - &5
(Mixo -) oligohaline =B = & 0.5
Limnetic (freshwater) = 0.5

(From Remane and Schlieper, 1958)

It was stressed that these figures are approximate,
as indicated by the use of the - sign. In order to indicate
waters of‘unstable or variable salinity (irrespective of mean
values) the term "poixilohalinity" has been proposed and for
conditions of stable or constant salinity "howolohalinity".
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Relation of Supralittoral Pools to the Vegige Sfitem of
ssification.

From the data gathered during this study 1t is clear
that supralittoral pools, of the South Island coast at least,
are poikilohaline. The major divisions of the Venice System}
can be usefully applied to supralittoral pools but it is
doubtful if the proposed subdivisions of mixohalinity ean be
applied to these pools in temperate regions. The larger
pools included in this study, i.e. those of Goose Bay and
Kaikoura, can be deseribed as mixohaline, thelr peixilohalinity
ranging from & 0.6%/00 to % 35%/00. The more sheltered small
pools, viz. those from Lyttelton Harbour, can be classified as
hyperhaline, although values between 30 and 40 ®/00 were not
uncommon. However, as the Venlce Symposium recognized, even
the best possible system of classification will never give more

than average salinity conditions in a given water mass.

Hore difficulty is experienced in classifying the
Taylors Mistake pools under the Venlce System. Nevertheless
Pool 4 with a mean salanity of 46.,7%/00 can be desaeribed as
hyperhaline although occasional determinations as low as 28,7%/00
were recorded. With a mean salinity of 36.3%/c0 Pool 3 could
be regarded as euhaline. But, as Pool 3 ranged from 22,6%/00
to 55.99/96, this terminology seriously obscures its essential
peikilohalinity.

In any attempt to apply a universal classification

to systems as diverse and variable as ‘rackish and marine waters



transitional and anomalous situvations are bound to bhe
encountered. The merits of the Venice system %fﬁhnnt only

in the elasticity with whieh 1t can be applied,/the distinction
it provides between econditions of unstable or variable salinity
and stable salinity, but also more specifically in relatlon to
supralittoral pools.in the useful distinction it provides
between the larger mixohaline and the smaller hyperhaline

pools.

Co ons

The largest supralittoral pools can be considered
as representing the low end of an onshore - offshore salinity
gradient, but pools with volumes under fifty litres, which
are much more common in the South Island supralittoral.almost
always have salinities similar to,or in excess of, sea water.
These small pools form a specialized environment which, with
respect to salinity at least, cannot be regarded as transition-

al hetween sea and fresh water.



2.4 Temperature
rodueti

Records of temperature from supralittoral pools
have ehlefly been spot readings although Ambler and Chapman
(1950) published some limited observations on diurnal changes,
and 0'Gower (1260) 1nvestigated both diurnal and seasonal
temperature oseillations in some Sydney pools. Varilations
in temperature with depth in some supralittoral pools were
noted by T.,S. Austin (in Doty 1957) and Naylor and Slinn (1958)
recognized a relationship between salinity laying and

temperature.

In the followin: pages the results of a year's
investigation into the temperature properties of South Island
supralittoral pools are presented. Diurnal and nocturnal,
as well as seasHnal fluctuations are considered and relationships
between temperature and some other environmental factors

discussed.

Methods:
All readings were taken with a mercury bulb
thermometer graduated in degrees Centigrade. A protective
cover was fitted to the bulb to shield it from the direet rays

of the sun.

Attempts to record diurnal-nocturnal temperature ranges
within pools with maximum and minimum thermometers were
thwarted, the thermometers either being interfered with or

removed.,
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Fig. 27. Fluctuations in temperature within four Taylor's
Mistake supralittoral pools over a five hour
period on February 9th, 1961.



Regults:

1. Temperature, like salinity, was often markedly
different in adjacent pools at one time. In Fig. 27 the
ranges of temperature in Taylors Mistake pools over a five
hour period on February 9th are plotted. The largest
recorded range was 13% at 4.45 petie Oon February 8th when
the air temﬁérature was 22°%C while the suallest was 1.2°C
on Mareh 29th at 3,00 pems when the alr temperature was
12.1%. In general the ranges of pool temperatures were
greatest when alr temperatures were highest. Usually
temperatures were spread over a wider range earlier in the
day than later. €.g2+ On February 9th at 10.45 a.m. the
range was 12.2°C, at 1.15 p.m. 119 and 8.3% at 3.50 p.m.

Differences in pool temperatures were due to the
varied situations and dimensions of pools. Each pool received
different amounts of insolation and at different periods during
the day. Shallow pools were quiekly heated to high temperatures,
sometimes above air temperature. Temperatures in deeper and larger
pools rose more slowly but{ggigined their heat longer. Contrasts
were greatest early in the day, since the differences in the
amount of radiation received by pools and their surrounding

rock surfaeesﬁwera maximal then,

2. As with salinity, stratification was a prominent
feature of pool temperature., Differences in temperature
between upper and lower water layers was a property of all

pools studied. Almost always bottom temperatures were higher
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than surface. In Filg. 28 the ranges of temperature within
Taylors liistake pools on February 8th at 1.45 p,m. are graphed,
while Fig. 20 for comparison gives the ranges within these
same pools on July 26th at 1.45 pems The maximuz recorded
ranges of temperature within severel Taylors Mistake pools

are plotted in Fig. 30.

Temperature stratification was exhiblted by pools
throughout the year, being equally evident when alr temperatures
were low or high. TFor some pools contrasts hetween surface and
bottom temperatures were greatest when temperatures were

lowest, as comparison of the following table with Fig. 32

shows,
Temperzture Stratification in Taylors iistake
Supralittoral Pools 10,00 a.m., June 26th

Pool Iemperature
Surface Bottom Difference
3.0 % 43 % 1.3 %

3 2.0 6.3 3.7

3a 2.2 6.0 3.8

3b 249 6.0 3.1

4 1.0 % 540 % 4.0 %

Although all pools exhibited stratification in all
seasons of the year, they were not stratified at all times.
The following table reecords the percentage of times upon whieh
measurements showed pools to be negatively stratified (1.e.

surface temperature below bottom temperature.)
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Fig. 30. Maximum recorded ranges of temperature, at any one
tige, within supralittoral pools at Taylor's Mistake,
1961, .
Fig. 30a. gives maximum ranges of negative stratific-
ation within pools, (i.e. bottom temperature higher
than surface temperature).
Fig. 30b. gives maximum ranges of positive stratifi-
cation within pools, (i.e. surface temperature higher
than bottom temperature).
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TAB I
Frequency of Negative Temperature Stratification
Taylors HMistake 1961

Pool Number of Measurements zerceg§age
Hepative

Stratificati

2 24 34 .3

3 29 66.0

Xa 29 65,45

3b 29 41,5

4 30 80.0D

On other occasions positive temperature stratification
(i.e. surface temperature higher than vottom temperature) was
recorded., The corresponding percentages for Taylors lMistake

pools have been tabulated below.

TABLE VIT

Frequency of Positive Temperature Stratification
Teylors Mistake 1961

Pool Number of Measurements Percentage
Ees%t%ve
Stra eation

2 24 4,2
3 29 10.3
3a 29 24,2
3b 29 38,0
4 30 0

The extent of positive temperature stratification was

O
never greater than 2.27/0 , mueh less than the maximum recorded



negative stratification.

c 8 of Tempera e Stratificat i alittoral Pools:

Negatlve temperature stratification 1s & consequence
of density layering within pools. Heat from radiation incident
on pool bottoms 1s trapped in lower waters, density stratifieat-
ion preventing it being distributed evenly throughout the pool
by eirculation. The amount of radiation absorbed by the rock
bottoms and margins of pools is mueh greater than that absorbed
by water. Most of this heat stored in the roeck is redistri-
buted to water in contact with it, but because of salinity
stratification this heat is retained in lower layers of water,
Surface cooling through evaporation or contact with cold air
also contributes to negative ﬁeﬁperature stratification. In
a salinity stratified pool a very large drop in surface temperat-
ure would be necessary before the water at the top sould sink into
the lower layers. Consequently any fall in temperature 1is
confined to the upper layers and its effects are distributed
throughout the rest of the pool only gradually. This explains
why negative temperature stratification was equally common,
provided a pool was density layered, whether air temperatures

were high or low.

Positive temperature stratification tended to occur
most frequently in pools which were less commonly negatively
stratified (compare Tables V and VI) and was caused by heating

of surface water through contast with warm air. A large rise
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in surface femperature would be necessary to convert strongly
negatively stratified pools to positive stratification,but

a much smaller rise would be sufficient in pools in which

the tendency for negative stratification was weak. Pool 3b
in whieh positive stratification was most common, had a

light eoloured sandy bottom, unlike Pool 4, which never
developed positive stratification. The bottom of Pool 4

was bare rocke. Much more heat would he reflected from the
bottom of Pool 3b than Pool 4 8o that negative stratification
was more common in the latter pool, and positive stratifica-

tion in the former.

Se Diurnal-nocturnal fluctuations in the temperature
of three Goose Bay pools, 31, 32 and 33 were determined on
October 14th and 15th. Both surface and bottom temperatures
of all three pools were measured at approximately two hourly
intervals over a period of twenty four hours, Recordines of
sea and alr temperatures were also made at the same 1ntervais.
The results of these measuremenits are plotted in Fig., 31.

Pool 33 1s not included in the graph as the reeordings from

it were similar to those from Pool 32.

These three Goose Bay pools all had large volumes
(see Fize. 20). Fluctuations in smaller pools would be
expected to be of greater amplitude. Nevertheless both
surface and bottom temperatures remained remarkably constant
over the whole twenty four hours, the difference between

maximum and minimux surface temperature for Pool 31 being
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1.8%C and for Fool 32 2,8%. Sea surface temperature
changed by 1.2°C over the same period. while alr temperature
fluctuated over a range of 10.2°C. Pool temperatures fell
slowly from a mideday maximum to a minimum for Pool 31 in
the early hours of the morning,and in Pool 32 just at sunrise.
In the morning there was a sharp rise in the temperature of
Pool 32, but a slower one in Pool 31, Surface and bottom
temperatures of Pool 32 were consistantly warmer than those
of Pool 31, Differences in the temperature properties of
the two pools can be aseribed to their situations. Pool 32
was exposed to the sun's direct rays for almost all the day-
light hours, whereas Pool 31 was shaded for several hours at
differant periods during the day. Consequently more heat
was received by Pool 32, and its volume was large enough to

maintain higher temperatures during the hours of darkness.

4. Regular temperature recordings taken at Taylors
Mistake in mid-afternoon for a period of ten months gave an
indication of seasonal temperature oscillations. In Figs.

32 and 33 the monthly mean pool surface and bottom temperatures
are plotted for Pools 3 and 4. The monthly mean recorded sea
and air temperatures are included in Figs. 32. Unfortunate-
ly for completeness Pool 3 was dry for much of August,
Septepber, October and November. Temperatures were at a peak
in the summer months and dropped to a minimum in June.

Similar trends were found in all pools. For all pools bottom

temperature was higher than surface temperature during most
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wonihs, In February the mean afternoon pool temperatures
were higher than mean sea temperature, btut in harch mean pool
tenperatures dropped below sea temperature till in June mean
pool temperatures were three to five degrees below sea

temperature.

gions

A8 with salinity, the outstanding characteristic
of supralittoral pool temperatures was variability, both with
time and depth. \Whereas surface salinity was almost always
lower than botton salinity, surface temperature couvld be
either higher or lower than bottom temperature, although the
maximum range of positive stratification was much less than
that of negative. Seasonally pool temperatures oscillated

over a wider range than sea temperatures.
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2.5 Qe e

Introdyctions:

Dissolved oxygen has long been recognized as
important in the biology of lakes and oceans. Surprisingly
few workers have included oxygzen tension determination in
investigations of rock pool esology. ambler and Chapman
(1950) and Naylor and 3linn (1558) made occaslional spot
determinations,but diurnal fluctuations in oxygen tension
have not previously been studied. Pools had been found to
be often supersaturated with oxygen during the day. Naylor
and Slinn observed that surface oxygen itension may be similar,
higher or lower than that at the bottom of pools and suggested

these differences were related to density layering.

Methods:

The Winkler method (see Appendix) was employed
throughout in estimating the dissolved oxygen tension of pools.
Samples were taken in 250 millilitre bottles. DBy using 100 ml
aliquots from these samples duplicate determinations were
made. All titrations were completed as soon as practicable

after sampling.

Determinations were made from Pools 3 and 4 at
Taylors Mlstake and Pools 31, 32 and 33 at Goose Bay. Diurnal
nocturnal fluctuations were examined in these three Goose Bay

pools.



Mistake

Ae Pool 3

Date Time Value mnmg.atom Salinity emﬁw.ea % Satu-

»ad %/00 ration.
5/4 1515 0.226 52,0 14 .5 707
7/5 1700 1.00% 117
22/% 1500 0,690 33,8 12,0 167
29/7 1240 De748 3560 645 158
27/7 1515 0.845 3540 6.5 179
22/8 1500 0.750 36,3 Deb 239
15/9 1300 0,789 29,0 127 176
5/10 1320 0.855 26 .0 1245 183
29/6 1000 0.416 32,0 5.0 80.5

Pool 4

5/4 1515 0.146 54,0 14 .5 51,0
45 1300 0.683 12.0
22/7 1500 0e?710 B56+3 8.5 240
2%/% 1240 0.670 330 745 182
22/% 1515 0730 33,0 Y 19¢
22/8 1500 0.587 33.4 9.5 128
2946 1000 0719 34,0 3.0 138
15/9 1300 0616 3648 14.1 170
5410 1320 04695 45,0 12.8 201



Oxygen tension in Bupralititoral Pools, Goose oy

A G331
Date Salinity Tewmpera- < Saty-
/00 Lire ration
%
15/5 N.0182
o/8  Surface Ne 836
SBobhom De192
1410 100 pm Qe &30 27 2 13.7 185
3eH0 D740 14 .4 165
Tl 7 Da25 14,0 139
10415 # DeHORE 14.0 1ED
15/10 1245 am (1,440 13.0 96
5.15 " 0,345 13.2 75
EeBD " 0,383 13.2 83
11.00 ¥ 0,431 13,7 GH
632
15/5 NeH8A
2/8 Ne622
14/10 1.30 pm Oa754 35,5 16.5 198
4,30 © 0.619 16.1 162
7.35 0 D728 16.0 12
1055 (e664 15.4 168
15/10 2,10 am 0,575 152 146
B0 D527 35.5 14,5 124
&,HB0 ® Ne549 15.7 139
1010 # N«626 16.D 1564
33
15/5 NeH16
14/10 150 pm 1.245 35 4 & 16.1 327
4,45 " DeG13 1641 161
TH0 M NaBa2 15.2 214
1101”) " 0,720 14,8 185
15/10 2230 an NeB74 14.3 147
5edhH N.270 1367 60
900 NeB31 13.5 238

1010 0,285 1665 268
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Results:

Oxygen values from Taylors Mistake pools have been
recorded in Table VIII and those from Goose Bay pools in
Table VIIII. Corresponding salinity and temperature record-
ings made at the time oxygen tension was determined have been

included. The oxygen content of samples was calculated by
substitution in the formula

C = n. F. 1000
2. £

where C = oxygen content, n = volume of thiosulphate of
normality ¥ used in litration and f. a constant of 99.2
{Barnes 1959) The percentage saturation was obtained from
a Table in Barnes (195¢).

1. Both Pool 3 and Pool 4, Taylors Mistake, were almost
always supersaturated with oxygen during the middle of the
da? when samples were taken, the variations in values being
due to fluctuation in photo-synthesizing populations, pre~
valling weather conditions, and pool wvnlumes. When strong
geas were running, with pools frequently being s=plashed with
drops of supersaturated spray, oxygen tension was at its
highest; e.g. on August 22nd the percentage saturation of
Pool 4 was 2349, On that day the sea was splashing vigorous-
ly into Pool 4, but no drops reached Pool 3 in which the per-

centage saturation was only 128%.

2 Oxygen tension also varied with depth, for example
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measurements showed surface oxygen tension to be 0.838
milligram atoms per litre in Pool 31, Goose Bay on August
8th, while at the pool bottom tension was only 0.192 mg.
atom per litre. At that time Pool 31 exhibited strons
salinity stratification, surface salinity being 4.4%/00 lower
than bottom. Clearly density layering prevented even
distribution of dissolved oxygen throughout the pool..

3. On Octobter 14th and 15th the oxygen tensions of
three Goose Bay pools were measured at approximately two
hourly intervals over a twenty four hour period. The

results of this survey have been plotted in Fig. 34.

A1l three pools showed peaks in oxygen tension in
the niddle of the day and minima at sunrise. Oxygen tension
within Pool 33 rose much higher than in the other pools and
fell at a greater rate to a lower minimum. Pool 33 support-
ed a vigorous growth of Enteromorpha which covered much of
the pool surface, whereas in the other pools algal growth was
less extensive being confined to walls and bottom. Production
of oxygen from photosynthesis would have been greatest during
the day in Pool 33 while oxygen consumption at a faster rate
through respiration in the hours of darkness would have been

responsible for the greater depletion of oxygen in this pool,

Conelusionss
As well as varying in time and with depth as did
salinity and temperature, oxygen tension in supralittoral

pools also varied according to the algal growth pools
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supported. Salinity stratification influenced oxygen tension
aé different levels within pools and diurnal-nocturnal
oseillations were sharpest in pools bearing extensive growths
of algae. Pools were comuonly supersaturated with oxygen

during daylight hours.

droge Concentrati
Introduction:

Hydrogen lon concentration of water masses has
received considerable attention, not only because it is easily
measured, but also as Allee et al (1949) observed biologists
with a physiological training expected that hydrogen ion
concentration of environments might prove to be of outstanding
importance in the control of distribution. This expectation
has not in general been realized (Allee et al,1949%). Reed
and Klugh (1924) suggested that pH was important in the
control of the distribution of animals and plants in pools,
but the restricted secope of their investigations has thrown

doubt upon their conclusions.

Methodss
Determinations of hydrogen concentmtion in South
Island supralittoral pools were carried out with a Beckman

pH meter,

Besults:
The range of pH readings from pools at Taylors
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Fig. 35. Recorded ranges of hydrogen ion concentration from

supralittoral pools, 1961.
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Mistake, Diamond Harbour and Goose Bay have been plotted in
Fig. a5,

Hydrogen ion concentrations ranging from 6.9 to 9.8
were encountered, while the mean of the sixty five determina-

tions made was 8.2.

All Taylors Mistake pools had a similar pH ranges,
their lowest recorded value being 7.8 and the higest 8.8,
At times the hydrogen ion concentrations of pools were similar,
while on other occasions values were more widely spread,
For example, on April 5th at Taylors Mistake the range of pH
was 8,0 -~ 8.2 but on September 15th eoncentrations from 8.1

to 8.8 were recorded.

Diamond Harbour pools tended to have lower hydrogen
ion concentrations than those at Taylors Migtake, Both
lowest and highest pH readings were from Goose Bay pools.
When the lowest value, 6,9, was recorded from Pool 31 on May
15th oxygen tension was also at an abnormally low level of
0.018 milligram atoms per litre, The highest pH value, €.8,
came from Pool 33 on October 14th when the highest record of
oxygen tenslion was also mad%hfﬂpm this pool., Allee et al

hat :

(1949) had previously noted/regions of relatively low or high

pH are also frequently regions of low or high oxygen content.
Conclusions

Water in supralittoral pools was found to be always

alkaline, with a single exception of a recording of pH 6.9.
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Hydrogen ion concentration in pools was correlated with
oxygen tension, high and low values of both occurring

together.



Approaches to the study of the flora and fauna of
gupralittoral pools have been varied. Levander (1900) and
Johnsen (1948) included supralittoral pools in surveys which
extended inland to embrace fresh water ponds and pools, while
Gislen (1930). Shelford (1935) and Cranwell and Moore (1938)
have deseribed the blota of supralittoral poeols in their
examinations of littoral communities. Pearce (1932) re=-
garded the fauna of supralittoral pools and similar bodies
of brackish water to be in some ways transitional between
that of marine and fresh waters. [Emery (1946) examined the
biota of some shore pools in relation to their pgeological pro-
sesses of formation. Supralittoral pools were included by
Ambler and Chapman (1950) in studies on the eeology of shore
pools. Some observations on the ecology of supralittoral

pools organisms were made by Naylor and Slinn (1958).

Several workers have investigated the ecology of
algae occurring in surralittoral pools and similar masses of
saline water. (Yendo, 19143 BSetchell, 1926; Johnson and
Skutch, 19283 Feldman and Feldman, 1941; Nasr and Aleem, 1949;
Wood, 1952; Chapman, 1957.,) Others have examined the ecology

of particular groups of animals found in supralitioral pools:
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Droop (1953) flagellates, Faure-Fremiet (1948) ciliates,
Fraser (1936) copepods, Lindeberg (1944) insects.

There 1s a large literature on wmosquito esology,
but only a few papers on the bionomies of mosquitoes breeding
in salt water pools, notably by King and Del Rosinio (1935),
Margaleft (1949), Laird (1956) and O'Gower (1961).

Firstly the egology of algae found in South Island
supralittoral pools will be discussed, then the fauna of

these pools and finally the biology of Opifex fuscus.
342 Alrae of Suypralitto 0lg.
Introduotiont

In the available time it was clearly impossible to
analyse thoroughly the trends exhibited by all the biotie
;lements of pools, Selective study of those facets of the
ecology of the flora and fauna most pertinent to an under=-

standing of the supralittoral pool environment was imperative,

Filamentous algae were chosen for detailed ecoiopgi-

cal investigation for two reasons.

Firstly, they were usually the most obvious com=
ponent of the supralittoral pool biota. As such they were
potentially the most useful indicators of the properties of

pools.

Secondly, filameﬁtaus algae have been used extensive-

ly by littoral ecologlists in the erection of systems of



zonation. It was thus logical to enquire into the esoclogical

fastors controlling algae in pools.

Metheds:

An analysis of filamentous algae present in Taylors
Mistake supralittoral pools was completed monthly. A
similar survey of pools in Lyttelton Harbour and on the
Kaikoura Coast was made at quarterly intervals. The algae
present in the pools were identified at generic level, 1In
view of the uncertain state of the systematies of some groups
of Chlorophyceae, especially the Ulvaceae, there could be
little jJustification for speeific identification. Iloreover
the reproductive phase is required for specific identification
of most Chlorophyceae and this was available only for short
periods of the year and then only in some pools.

The abundance of the green alga Enteromorpha in

pools was recorded on the following arbitrary scale =

0 None present.
1 Present.

2 Common

3 Abundant

4 Very abundant

The relative exposure of pools to splashing and

washing by the sea was classified as follows:



1. Very sheltered.
2. Sheltered

3. Semi - exposed
4. Exposed

Class 1 pools were splashed only when the heaviest seas were
running, while 2laes 4 pools were splashed by all but the

calnest sess.

Estimates of pool volumes were made from measure-

unents of their diameter and depth to give the following volume

index:
Index Yolume
1 less than 50 litres
2 from 50 to 500 litres
3 from 500 to 1000 litres
4 greater than 1000 litres

An index of the ratio of estimated surface area of

pools to their depth was also erected, under the following

scales
Index Surface Area i Depth
1 less than 500 oem
2 from 500 to 1000 om
3 from 1000 to 2000 cm
4 greater than 2000 en
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Fig. 36. Fluctuationsiin the abundance of Enteromorpha 4is Taylor's
Mistake supralittoral poels, 1961. _

The pools represented in each histogram are, in order from
the left:- 1, 2, 3, 3a, 3b, 4, 5, 6, 7.
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Droop (1953) has established a relationship between temperat-
ure and pools dimensions. Rise in temperature during the
day depends on heat received at the surface, less heat lost
at the surface and on the volume of water to be heated.

Since both heat gained due to radiation and heat lost through
evaporation depends to a large extent on surface area, and
the volume is some factor of depth times surface area, the

following relationships might be expected to exist.

Heat change = Surface area

Depth x Surface area

]

1

Depth

A pool,which was found dry for more than one period
between November 1960 and November 1961, was regarded as

temporary (T), while other pools were classified as permanent.

Resulis:

Fluctuations in the abundance of Enteromorpha in
Taylors Mistake pools have been resorded in Fig. 36. In
these pools Enteromorpha was most abundant in the autumn
months of March, April and May, and again in August, September
and QOctobere It did not occur at all in Pools 2 and 6, while

it was only present in one pool throughout the year, 3a.



IABLE X
Filamentous Algae and Ecological Factors in South Island Supralittoral Pools

Pools Algae Permanency Exposure Volume 4§§§%§§§ Salinity
™ 1 Enteromorpha P 3 2 1 Euhaline
2 - 1 2 2 Buhaline
3 Enteromorpha, Chaetomorpha,
REIzoeIaqum P 3 3 2 Euhaline
4 Enteromorpha P 4 3 3 Hyperhaline
5 Enteromorpha T 2 1 2  Euhaline
6 - T 1 2 2 Buhaline
7 Enteromorpha, Chaetomorpha P 2 2 4 Hyperhaline
8 Enteromorpha P 4 1 3 Buhaline
20  Enteromorpha, Osclllatoria,
Lyngbya P 4 2 1 Hyperhaline
21 Enteromorpha P 2 2 2 Buhaline
14 - P 3 1 2 Hyperhaline
31 Enteromorpha P 1 4 2 Mixohaline
32 Enteromorpha, Chaetomorpha,
T T T — P 4 3  Euhaline
33 Enteromorpha P 3 4 1 Euhaline

25 - P 1 4 3 Mixohaline



Table X summarizes the ecological factors considered
most relevant to the occurrence and abundance of algae in
pools studlied, as well as 1listing the algalgenera found in
those pools. The information has been presented under the
scales previously emmerated,and the Venice System has been
used to classify the pools according to salinity as accurate=

ly as possible, remembering that all pools were poixilohaline,

1. PEermanency:

0f the three temporary pools no filamentons algae
were present at any time in two,and Enteromorpha was found in
the third only during two months, By contrast filamentous

algae were totally absent from only two permanent pools,

2. Exposures

Only a single pool with an exposure value of 1
{least exposed) supported filamentous algae. The growth of
Enteromorpha in this partieular pool, 31, was stunted. On
the other hand the pool with greatest varlety of algae had an
exposure index of 4, while the two pools which contained

three genera of filamentous algae were both semi-exposed.(3)

Yolumes
Algae were recorded from pools over all volume

ranges, and were also absent from pools whose volune indices

were 1, 2, and 4, However of the three smallest pools (volume 1),
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and
algae were never present in Pool 14, mere only once recorded

from Pool 8, and twice from Pool 5.

There was no direct correlation between surface-~
depth ratio,alone,and the occurrence and abundance of algae

in supralittoral pools,

Salinitys

No relationship was found between the salinity and
the occurrence af,gggg;ggggggg in pools. There was insufficient
evidence to indicate whether other genera were limited by
salinity.

Combination of Factors:

Pool 32 with high indices 1n every category:
expaéure 4, volume 4, surface depth ratio 3 supported more
genera than any other pool., Pool 25, similar in dimensions
to Pool 32 , but very sheltered and with lower salinity, did
not support any filamentous algae. The only other permanent
pool which did not contain filamentous algae at any time during
the year, Pool 14, had a very small volume, while of the
temporary pools alzae appeared only in the most exposed of the

three , Pool 5.

Sonclusionsg
The occurrence and abundance of filamentous algae

1n.supra11ttaral pools is controlled in a complex way by a
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mimber of ecological factors, which are interwoven to produce
a unique environment in each pool. 0f these factors,
permanency of pools and their exposure to the influence of
the sea are the most important. In the smallest pools

volume is a limiting factor.

Enteromorpha was found to tolerate a wide range of
ecological econditions, but its greater prevalence in autumn
and spring indicated that in summer and winter its distribution

and abundance were limited by temperature.

343 The Fauyna of Supralittoral Pools:
Introduction

The most extensive deseriptions of fauna of supra-
littoral pools have come from Scandanavian ecologists (Levander,
19003 Gislen, 19303 Johnsen 1946.) Less detailed accounts
have been presented by Shelford (1935), United States; Naylor
and Slinn (1958), United Kingdomj and Cranwell and Moore (1938)
and Amblor and Chapman (1950), New Zealand..

The ecology of supralittorazl pool flagellates in

some northern European pools wag thoroughly examined by Droop
(1953), and Faure - Fremiet (1948) investigated ciliates in

some pools on the coast of France.

In this section the fauna of supralit:oral pools
along the South Island!'s east coast 1s examined and discussed

in relation to the poolst! ecology.



TABLE XI

DISTRIBUTION OF ANIMALS IN SUPRALITTORAL POOLS OF KAIKOURA, GOOSE BAY, TAYLORS MISTAKE AND DIAMOND HARBOUR

Kaikoura Goose Bay Taylors Mistake Diamond Harbour

1.

2.

Se

4.
S5e
6.

7.

8.

9.

Pool

Parozoa
(unidentified)

Actinozoa

Nenmertea
Lineus Sowerby

Nematoda
Tubificidae

Polychaeta
Galeolaria hysterix

Moreh
Sabella Savigny
Sipunculoidea

scolosoma annulatum
utton

Amphineura
ton maoria
redale

Gastropoda

Scutus breviculus
invif%eg
_5%%gg§ adians radians
melin
Es%azhangg._iag_.
Quoy and Gaimard)

Melarhaphe oliveri
Finlay

Agtég;i tenebrosa Farquhar
nthopleura buch and Mich

us thompso
%%oughtrey;

25

~

26

»

31

>4

32

oM el oo BN

bl

33

2

3

4

5

6

12

13

14



TABLE XTI (continued)

Kaikour Goose Bay Iaylors Mistake Diamond Harbour

Pool 25 26 31 32 33 1 2 3 4 5 6 7 8 12 13 14

;ggggg%gzgg suggarinatus X X

) agerby

stiliger g;1¥gs X X
utiton

glggggbyﬁag%aea novaezelandiae X

novaezelandiae Cheesman ‘

10. Lamellibranchia

us (Gmelin) X X X
Mytilus ulis aoteanus X X
Powe .
ulac naor X X
redale
11. Ostracoda X X X
(Unidentified)
12. Copepoda
Tigr us lvus (Fischer) X X X X X X X X X X X X X X X
Amphiagseus Sars X X X X X

13. Amphipoda

Hyale grandic S8 Kryer X X X
aracoro m excavat X X X X
omson
14. Decapoda
22;&2%%2_§£§L24§
Milne-Edwards
Hegiﬁrans%s edwardsii X X
ilgendor
Heterorozius rotundifrons
Milne-Edwards

Canc ovae-zealandiae
acquinot and Lucas

15. Hemiptera: Heteroptera

Anisops ass;m;;ig X
Buchanan-~-White
16. Dipteras:Ephydridae
Epnz%;eila noxae~g§§la%d;ae X X X X X X X X X X X X X X
onnoir and Malloe

Mo OM
b
b
b
>4
bl



TABLE XI (continued)

Kaikoura Goose Bay Taylors Mistake Diamond Harbour
Pool 25 26 31 32 33 1 2 3 4 5 6 4 8 12 13 14
17. Diptera: Culicidae
Opifex fyscus X X X X X X X X X X X X X X X
Hutton
18. Ophiurcidea
Pectinura macuylata ~ X
Verrill
19. Ascidacea
Corella eymyota Transted X X

20. Teleostel
Tripterygion varium (Forster) X



Results:

The distribution of animals iu pools st Faylers
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tabuloced in o de XI.
From this table 1t ean ve scen flrstiy, that Shere

WeL G

netween pools in the varieby of aninals
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were recovded Tr>s Fool 12, Diawmond ‘aruvour,

Seennily, eertain groups of aninals and species
were present in almost all pools, e.re lematodes, amphipodis,

Tirriopsus Tulvis,(Copepoda) and the Dipterans Ephvdrella

bovae-zealandiae and Qpifex Tuscus.

Thirdly a number »f species were found ~nly in ponls

@

in which water c¢onditinns most closely resentled tinse 7 the

Scz, leeas In pools such as .ol 32, with large volurmes and

well exposcd to the sea. Amons these anlrals were sponsesg

anennnes {(astinia teonebrosa, anthoplenrs sp, Epiacius

thounpsonl)s polvehaetes (Galenloria hvsterix, Subella sp)ithe

sipunculis Phascolosorda annulatiymg  the necertean Lineus sr,

1s (Cancer novae zealandiae, deteroroazing robon

difrons)s; the nobtoaegted snisops assinilis (Clerdptoras

Ceteroptora)s  the amphineuran Ischnochibon maoriamisy  the

gastropoda Seutus orevieulus, Pleurosranshacs novac-zelandd o,




and Stilizer felinusy Pestinura vaculata (Ophiuroidea)s

corella ewrroba (aseldacceua)sy oud thoe coskabully Iriptery-

slon vardui.
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Pronsetilueidue) and a speeles of Jranghivonas Dohlin
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peaurrved in pools a4t Tyt elbon arbour, Tarlors Hiatnleo,

Goosc Bav and Kalkoura. Species »f Leplens, Dhrenhere were

found in Pools 31, 32 (Goose Bay) and 25 (Kalvoura) st ook

in Tayiors distare or Diawond Varbour pools. 01 oacasions

Pool 14, Diamond Harbour, was coloured dark grecen with myriads

of a specics of pfyramimonas Sehmarda (Phytomonadina,

Carteriidac). After the poonl water had been disturbed by

k]

rough seas their nmunbers were reduced to a few individuals

wilthin o samplas Pyraainonzsg alss aprearced ia FPool % (1

cdstake) din high deasily during ansust 19061, but wus never
Touad in amhers in any other pools.
Cilistoes were present in all pools bhut were novor

as muierqs a8 Flagillates. Species of tho Nnlotriehs

s philevtus, bhrenberg, FParopeciunm Hill, and Sonderis “abhl

asenrred in ponle of Banks Peninsuls -nd the Xaikowra Sonst.



Stylonychis Ehrenberg (Spdrotrichla, Hypotrichia) were
common amongst filamentous algae although they also thrived

in Pool 25, which supported no filamentous algae.

2« Actinozoa:

Anemones were found in only two suprallttoral pools,
Pool 32 and Pool 34 at Goose Bay. In each pool there were
no more than a dozen individuals, all of whieh were confined

to the most shaded corners of the pools.

2.  Annelida, Nemertea and lematoda:

Tubificid oligochaetes were found in the largest
pools; the exposed Pool 32 and the more sheltered Pool 31,
26 and 26, but not in any of the smaller pools.e Two species
were recogniged from Pool 26, one of these species being that
found in the other pools. Alsterberg's (1922) deseription
of the respiratory behaviour of Tubifilcids was confirmed for
these species. On several occasions large numbers of worms
were seen oscillating their tails in frequent and rapid
rhythmical movements. However when oxygen tension was very

high or low these movements ceased.

The only polychaetes found in supraliztoral pools

were scattered individuals of Galeolaria hysterix and Sabella
Sp in Pools 32 and 34 (Goose Bay). Amongst the filamentous

green algae in Pool 32 the nemertean Lineus 8p was common but

it was not seen in any other nools.

Nematodes were among the commonest amilnals in supra=-
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littoral pools. Apart from the work of Wieser (1959¢) on
nematodes of Puget Sound, littoral nematodes have received
little attentlion and no systematic studies of New Zealand

shore nematodes have yet been underta‘en. The nematodes

found in poole studled belonged to the Orders Chromodoridea

and Enoploidea, but specific 1dentification was not possible.
Hematodes were found both in the bottom ooze of pools where
oxygen content was low and amongst fillamentous algae,

reglons of high oxygen tension. Different species of nematodes
were associated with each species of alga,and several specles

were characteristically found in bottom ooze and detritus,

4. Molly H

Scutus hrevieulus and rohranchaea nNovae-
zelandige were numerous in Pool 32, the only pool in which

they were found. The small nudibranch Stiliger felinug was

at times abundant upon the green filamentous algae of Pools 32,
33 and 34. Only a few individuals of 3. felinus were seen in
these Goose Bay pools in March, but they were present in
numbers in lMay and most avundant in august, but by October

their mumbers had again dropped.

The only species not in Pool 32 whieh was found in
but a slingle supralittoral pool was a solitary specimen of
Cellana radigns from Pool 8, Taylors Mistake. Although Pool
8 was awmong the smallest of supralitioral pools, it was

gplashed more than any other pool studied.
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The 1:wellibranchs Perna canallculus anc Mytilus
edulis aoteanus were also present in Pool %2, but it was
more surprising to find them in the smaller supralittoral
pools of Taylors lMistake as well. Aunlacomya maoriana,

Iredale P. canaliculus and M. edulls aoteanus first appeared
in Pools 3 and 4 at Taylors listake in the third week of July

after very heavy seas had been running. Individuals of all
three species had been dislodged from lower down the shore and
hurled into these supralittgral'peols by wave action. Once
within the pools these mussels gquiei’ly settled down upon

their new substrate. P, canslieulus and M. edulis aoteanus
in Pool 32 were two or three years old, but nore of the
mussels washed in to Taylors HMistake pools were more than two

years old (I.lI. cDonald, personal comnunicatien). Six

individuals of A, maoriana, four of M, edylis aoteanus and
three of P, eanaligulus_ became estaklished in Pool 4, while

the corresponding numbers in Pool 3 were five, nine and two
respectively. All three species survived in these pools for
almost three months but by the seccnd week of Qctober all

the 4. maoriana were dead. A week later the last P, cana-
liculus died. Mytilus edulis aoteanus survived a further
week. Records of the salinity of these pools during the

three nonths are listed bhelow,



TABLE X1I
Pool 3 Pool 4

date Surfage Bottom Surface Bottom
23/7 - %00 33.9 %00 - /00 33.6 °/00
26/7 34.0 377 383 40,8

23/8 36.4 373 3342 336

1e/9 24,5 33,1 36.8 36,9

5/10 22,6 2846 42,5 48.4

8/10 35.0 3543 50,7 50,7
18/10 - - 74 .1 74,0
26/10 - 0y, 55.9 %00 38.9 %/00 42.0 %/00

During most of the period in which these species of
mussel survived in the Taylors Mistake pools the water was
euhaline. None of the species was -~wle to survive the
desiccation of Pool 3 or the hyperhalinity of Pool 4 during

October.

Heladnphe oliveri and Melaruphe cineta:

Both these specles of 1littorinids were freguently
found in and around supralittoral poouls. Investigations
were carried -mt on the Kelamnphe population of twe Diawnnd
Harbonr Pools, Pool 13 :nd Pool 15, The

nunmbers of [l. oliveri and M. eincta found in each rool are

tabulated below, together with their numbers in an area of one

sguare metre around each pool.
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TABLE XIII
Nunmbers of Melaﬂgghg in «nd around Supralitioral

Pools at Diamond Harbour - Septeuber, 1961

M. oliveri M ta
Pool 13 5 18
Around Fool 13 17 10
Pool 15 49 0
Around Pool 15 0 0

From this Table it can be seen that within Pool 13, whieh
although not a truly permanent pool usually contained water,
there were three times as many M, c¢incta as M, oliveri.

But in Pool 15, which had water in it only after heavy rain

or strong seas, only i, oliverl was present. There were no
littornids in the sgquare metre around Pool 15. The proportion
of M, oliveri on the roek surface surrounding Pool 13 was

very much greater compared with M. cincta than actually within

the pool. The salinities of the two pools were similar.

Pool 13 Surface 37.8°/oo
Bottom 37.8%/00

Pool 15 Surface 38.8°%/00
Bottom 38.8%/00

8o the differences in distribution of the two spescies were

elearly not eorrelated with salinity.

These observations illustrated the patchiness with

which both species of ﬁel&ﬁaghe were distributed in the supra-
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litcoral. Never at any time during the vear did Pool 13
contain uore i, oliveril than L, ¢incgs and often oniv the
latter species was found within the pool. AU Tavlors

istake too, there were always {ewer [

in pools. Only 1in the most tesporary pools, sugh as Pool

15, d1d }. oliveri predouinate.

5. Crustageat

Amphipods were present in most supralitioral nools.
Hval andicorqls w:s the ¢ mmonest species in Pools 32, 33
and 34 (Goose bBay). Paracorophiunm excavaiium was present
in Taylors !iistaire ponls during sutumn and spring 'ut wss rare-

1y found in summer or winter. The courmon roe’ hopper

llensis Milne-Edwards was often seen around pool
margins at Goose Bay and Kalkoura, as was the isopod Ligia
novae-zealandiae Dana, although in much smaller numbers. 1In

dry pools L., novas-zeulandiae was observed foraging upon
stranded and desiczated Opifex fuscus larvae.

Hemigrapsus edwardsii (Decapoda) was ;resent in all

the larger po-ls exeept the most stagnant: Pool 31 Goose Day.
It was only nccasgionally found in the smaller Tavlors istake

#0ols and never in hyperhaline pools.

Uncuestionably the nmost ubiguitons maasroscopie
species in ‘ew Zealand supralibtoral pools is the nhright

orange iHarpacticld Cogepod Tigriopsus fulvus. ilnt only was

it in alunst every supralitioral pool from Plimmerton to
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Bluff, but it has also been found on the Snares Is. (?rofessor
GeAe Knox, pers. comm,) and Campbell Is. {P«M. Johus pers.
comm.) The 1life history and ecology, iluneluding the remarkable
powers of survival of this cosmopolltan specles have been
investigated by Fraser (1935, 193€). A second larpacticid
Copepod, a species of Amphiascus Sars was commonly found among
the filamentous green algae,although it did occur also in

some pools in which there were no filamentous algae, e.g.

Pool 28, Kalkoura,

6. Insectas
Notouestidae:

It was somewhat surprising to find several indiviw
duals of Anisops assimllis in Pool 32 on October 15th, AL
that time this pool had a surface salinity of 35.7%/00 and a
bottom salinity of 35.5%/00. Notoneetids have previously
been recorded from brachish pools of lower sallnity along
Baltiec eoasts. Tillyard (1924) remarks that "all the New
Zealand Notonectidae are carnivorous heing especlally partial
to a diet of mosquito or other Dipteroms larvae." It is
possible that 4. assimilis had been partially insitrumental in
controlling the population of Qpifex fuscus in Pool 32. 1In
March 1961 Pool 32 had a dense population o 0, fuscus larvae
and pupae of the order of 250 per litre. s A, ageixilis
were then found in the pool, but in October when this Notonectid

was present tho D, fusgus population was redused to a very



low level of less than one larva per litre.

gYla novae-zealandlae a Cyslorrhaphan

fly, were comson in small shallow pools with wud eilt or sand
bottous.e Unlike Qpifex fuseus larvae, those of I, novae-
zealandlae withstood desicsation when pools dried up. In the
labhoratory scveral larvae survived a month in dry econdiltions.
When pools bocame dry larvae sought refure in roct srevices

or by burrowinz in the mud an? sand on pool hottunsg. Lorvae
remained aciive during these dry periods while their exo-
steloton besure progreszively more wrin:led, but on immersion
in water they szoon regained their orircinal share. This
&bility to withstand desicaation has been an important con=

trivution to the suecess of iz a temporary

enviroment.

is a multivoltine

species, larvae and adults being present in every month of
the year, though with varying abundsnce. Ceopulation was most
frequently observed in September, October and Hovember, when
the lovel of the adult population was also at a peak. In
Pebruary, March and April there was a second smaller maximum

in adult musmbers.

Sonelusions:
In diseussing the oscurrence and a undance of algae

in surralittoral pools it was mneluded that the wosh inportant
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1imiting faotors were permanency of pools, Lheir exposure

to the influence of the sea, and in the sualler pools, volume,
The fauna of supralittoral poels waa found to ve controlled

by the same series of factors. Puels, such a8 32, with the
greatesv variety of algae also had the most varied fauna.

Few species of animals were to be found in the smallest pools,
which were usually lacking in algae &lso, The fauna of the
most sheltered pools suech as Pool 31, Goose Bay, was
restricted to a few of the most tolerant species, Tubificids,
Nematodes, Iigriopsus fulvus and Opifex fuscus. Although

the successful species in susch pools were few, they were
present in large numbers. At times the density of Iigriopsus
Fulvus in Pool 31 exceeded ten per cubic centimeter.
Iigriopsus, Ephydrella and Opifex whiech thrived in the most
stagnent and smallest pools, permanent and temporary, were
usually less numerous in pools with a more varied fauna

where they wmet greater competition. Only for one period
during the year was there a high density of Q. fuscus within
Pool 32,

None of the factors controlling the biota of
supralittoral pools are independentt-~ volume, permanency,
exposure to the sea, temperature and salinity all bear some
relation to each other. These and other factors interact
to produce an inconstant and unique enviromment with each
pool. Pools are oases of diversity within the supralittoral

ZONECe
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THE BIOLOGY OF OPIFEX FUSCUS HUTTON

Opifex fusgus (Figs. 41 and 42) was first deseribed
by Hutton (1902) who placed it among the Tipulids. Miller
(1920) in an investigation into New Zealand mosquitoes report-
ed a common species, breeding in saline pools above high
water mark. He presumed this gspecies to be unrecorded but
G.V. Hudson pointed out 1t had already bheen deseribed by
Hutton as a Tipulié. Qpifex fuggus was first placed among
the Culicine mosquitoes by Edwards (1021) after an examination
of Iutton's types. [Edwards found Opifex difficult to place
in relatlion to the other genera of Culicini hut it seemed
nearer to Jedes than Culex. A revision of the generic
characterswas made by Miller {1922) who on the grounds of the
remarkable characters o the adult and pre-adult stages
erected a new sub family, Opificinae, for this one species.

In a further account of 0, fusgcug Edwards (1924) considered
that the creation of the sub farily Opificinae by Miller was
unjustified,and it has not been resognired by subsequent
authors. Edwards (1932) in a later review held that Qpifex,
apart from its secondary sexual characters, did not differg
greatly fron jpedes, and coneluded that it "may well be ineluded

in the sare grour of renera.®

The now accepted systematic position of Opifex fuscus
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Fig. 43. New Zealand, showing distribution of Opifex fuscus.
Scaled 136,000,000,
[ 3 New records wade in the Course of Vs -sbdﬁ.
® Pbliched records confirmed during Yrie studg.
+ Published records.




is as follows:~-

Phylums Arthropoda
Sub-phylums Inseata

Fanmily: Culicidae
Sub=-Tanily: Culicinae

Tribes Culiecini

"Group™s Aedes

Genuss Opifex Hutton 1902

fusgus Hutton 1902

4.2, Distrivution:

Qggfeg fuscug 1s the only specles of mosquito
endenic to llew Zealand. Previously Q. fuseusg was known to
ogcur from North Cape (Graham, 1£39) {o Otago Peninsula
(Hérks, 1958) along the e¢oast in pools above high water mark.
It has alsc becn reported frow Three Kings Islands, (Marks,
1958), Poor Knights Island (Cranwell and Moore, 1938), Hen
Island, Kapiti Island, (Dumbleton 1962) but not from Chatham
Islands, Snares Island, Campbell Island or Auckland Islands.
The distribution has now been extended south of Otago
Peninsula to Bluff and Oraka Point (Colac Bay), Foveaux
Stralt, and new rescords have also been made along the east
aoast of the South Island. A map of the distribution of
0, fuscus has bvesn compiled from data provided in previous

works as well as aolle~tions made in the course of this study

(Fig. 4%).
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Fige. 44. Australasia, showing the distribution of QOpifex fuscus
and closely related groups.

0 :- Distribution of QOpifex fuscus (New Zealand).

N :- Distribution of Aedes (Nothoskusea) chathamiscus
(Chatham 1slands).

C s= Distribution of the "Caenocephalus" species group
of Aedes (Pseudoskusea).

1. A. (P.) australis (New South Wales

Tasmania, Norfolk Island, Lord
Howe Island).

2. A, (P) ashworthi (West Australia).
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The Relationships of Qpifex fuscus:

The relationships of Qpifex fuseys and the iew

Zealand culicine fauna in general have been recently discussed

by Dunbleton (1962).

The closest affinities of Q. fuscus are with Aedes
(llothoskusea) ghathampus which oc:uples a sinilar niche to
Opifex on the Chatham Islands,and the "Caenogephalus"
species group of Aedes (Pseudoskusesa) which ranges frou
coastal JNlew South Wales, Tasmanla, Horfoll Island and Lord
liowe Island (ggstralis) to West Australia (gshworthi)
Dumbleton 1962), (Fig 44). |TNeither Qpifex,nor any close
relative has so far been recorded from South America. Of

the New Zealand eulilcine fauna, only Aedes (Ochlerotatus)

shows even slight faunal affinlty with South America.

(Duubleton, 1262).

The relationships 2nd evolutionary position of
Q. fuseus will be further discussed after the morphology of
larval mouthparts has been considered, but it 1is elear Tronm
published worl that the relationships of the llew Zealand
culicine fauna, in general, and Qpifex fuscus in particular
are consistent with an origin and distrinution from the

north and weste

4,3, he rating Behaviour of Opifex fusgus.

Kirk (1923) reported a long series of observations

he had made on the peculiar mating habits of Qpifex fuscus



both in the laboratory and out in the field. ile desaribed
how the very active adult meles dart about on Lhe pool
surfacce after rising pupae. The male uses his anal forcers
to eapture the pupa and the mpariumis rupbured along nhe
side of lts frontal ridre. dovenent of the anal foreens
extends the slit bachwards. If the young imag» 1is a

female connection with the male 1s effected hefore her

abdomen is clear of the puparium.

Referenne was also made by Kirly to the strugrele
which may talre place when a nmumber of males acompete for a
single pupa. VWhen there were swarms of males upon pnalé
such struggles occurred over every pupa. The male whieh
made the original capture was submerged by hils competitors
which often numbered up to a dozen., Sometimes a seecond male
wrested a pupa from its original captor. On other ozcasions
pupae made clear es8capes while males battled on. If after
aprroximately ten seconds a captor male still remained in
poscession of the captured pupa, the thwarted males retired
to search for other pupaes Then the victorions male, grasp-
ing the frontal ridge of the puparium firmly with his anal
foreeps, would stride jerklly across the pool drag-ing his
passive prize through the water behind. Emerpzence £ the
head, followed by the thorax of the young imago, procecded
with the pupariun still just below the water surface. When
this was eompleted the male ofiten ceased active novement as
Kirk observed, and rested unpon the pool shore iust avove the

water surface as the slow stewdy emergence »f the andomen fronm
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the pupariunm contlmed. ilowever on nezasions the
enorgence of the young imago was completed before the male
lefs the pool surface, Emergence was completed any tine
%étween five uimutes and thirty mninmates after capture.
Although the male was active in rupturing the puparium it did
not assist the energence of the young imago until sonnection
was established, usually some time beforec the at:domen was
fully elear »7 the puparium. As eamerrence began the head

of the young imago faced in the sare direcctinn as that of the
captor, but the plane of the emerging body was inclined at
dnost 45° from the longitudinal axis of the male, By the
time emergence had been completed the two adults were in

an end to end position with heads faeing in opposite directions.
After having emerged the young imago darkened in colour so
that within two or three minutes its body was the brownish

black of a mature adult.

Connection, which was established before emergence
was conpleted,lasted only a few minutes with some pairs, but
up to fifty minutes with others. Comﬁsnly connection was
broken about twenty nminutes after establishment. Establish-
ment of eonnnectiion was never seen between two udulits, although
Xirk once observed this when he placed a male and fomale
within a glass phial. As sonon as connectlon was broken the
male would fly off. The female would sometimes fly too, but
usually it rested for a few mimmtes hefore moving. Ferales
were capable of flirht within two minutes of completion of

emergence. This was verified by disturbine youny inmagines.
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ﬁales always cmerged without assistance and ferales
were gulite capable of doing so, but rarely hud the opportunity
in the field. Aotive males would sometimes mistae a male
pupa for a female but on discovering their error would
release the pupa as Kirk remarked, "with, one could Imavine,

an expression of disgust.”

Biological Significance of the Mating Behaviour of QOpifex
Fuscus:

Within the supralittoral pool environment Opifex
fugscus is exposed to several hazards, the most serious of
which 1s drying up of pools. A second threat is the washing
out of pools during rough weather. For an animal living in
a temporary environment the conservation of time in the
sompletion of its life cyele 1s of paramount importance. The
significance of the mating behaviour of Q. fuscus lies in
the reduction of the time between maturation of the female
mosquito, and 1ts fertilization, to an absolute minimum. As
there was no evidence to indicate that the sex ratio of
0o fuscus departs radically from unity, the competition
between males for females was not an expression »f Lhe In-
equality of the sexes, but rather a hypertrophy of the male
sex instinet which ensures rapid and ef“icieant Tertilization
of the available females, so that there 1s minlual wistage of

reproductive potential within populations.
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egg upon rock surface.

Fig. 45.




4.4, vipos :

For the deposition of their eggs (Fig. 45) female
Opifex select a sultable moist sptaround the pool margin.
Around the shore of each pool there 1s a damp zone which may
be anything between one to five centimetres in widt . This
band is maintained in a moist eondition by splashing and
washing from the pool water and by capillary action. Flying
fenales may alight directly upon this zone, or they may land
on the water below, or the rock surface above and walk onto
it. Once on this molst strip they begin searching for a
gultable place to lay their eggs, Small craes and ecrannies
or rough patches of rock are preferred. If none is avail-
able in the lmmediate vieinity the fermales may fly off to
other parts of the same pool or other pools, or they may
deposilt their eggs upon smooth sites, especially if the
population density is high and competition for ege-laying
sites keen. The egges are not exclusively lald on s0lid rook
faces., Females have been observed depositing ecgs on small
stones and pebbles, pieces of wood, shells and even filanents
of Interomorpha. The essential criterion for oviposition sites
ig that they be nmolst.

Having selected a sultable site the female moves
down so that her nind legs are must at the edge of the pool.
These legs are then extended while the front legs are slightly
relaxed. The head is then close to the subsirate with the

antennae and often the proboseis moving rapidly oaver the



surface, presumably in search of the most suitaile site for
deposition of the egrse. Then the abdomen is arched under
the thorax so that its tip is iust below the head. The
rapld vitration of the abdomen whieh accoupanies this move-
ment of antennae and provoscis now ceases as its tip is
applied to the substrate. This is followed Ly a slow
relazation of the abdomen as the egg is expelled. The whole
process may be repeated at the same site, as many as six or
eight eggs being laild in quiek suecession adiacent to each
other., On the other hand the female may move »off to sone

other site to contimue her eggz layling.

Bach egg 1s aovered by a stisky seeretion by which
it adheres to the substrate or to adjacent eggs 1f they are
laid c¢lose together. This seeretion is variabhle in its
eflectiveness, some eggs, especilally those on smoother surfaces
where the area of attachment is small, heing easily dislodged,
others being difficult to move without imparting damage. It
is thus not uncomaon to find ecrs floating on the pool surface

or lying lecosely on the mud and sand of dried up pools,

When the eggs are laid thev are, as Wood (1229)
noted, almost white, but they darken on exposure to light,.
This cdarkenin proccss may take several hours if the ergs
remain in the shade. An accurate deseription of the
structure of Q. fugscus eggs has been provided by Wood (1929)

who figured the egg and described the hatehling process.



Gjullin et al (1241) and independently, Gunder
(1951) demonstrated that hatehing of eggs of various species
of aedine nmosquitoes was induced 'y a lowered dissolved
axygen level of the flooding medium. These results have
been extended by others who have indicated that hatching »f
miltivoltine species can be brought ahout by biological
(i.e. bacterial respiration), chemleal or physical rewmoval
of dissonlved oxygen. Judson (1961) demonstrated that
decreasing oxygen tension is much more effective in stimu-
lating hatehing than is a simlilar but constant concentration.
ﬁorg and Horsfall (1953)and especially Horsfall (1956) have
emphasized the importance of conditioning, (the preflooding
exposure of eggs to specifiec environmental conditions) in

readying aedine eggs to hateh on flooding.

Properly ceonditioned QOpifex fuseus eges hatched
hetween twelve and twenty four hours of flooding. If the
eggs had not veen sulpet to specific environmental conditions
necessary for conditioning they falled to hateh on subnergence.
When Q. fuscus egrs were flooded by a solution in whieh
dissolved oxyren was waintalned at a high level Ly rumping
compressed air through the medium, none hateched. Iwelve
of twenty egus kept out of water Tor six months hatehed
within twenty four hours of flaodingf The remaining eight

failed to hatche.

These results indicate that the hatcohing mechanism



Fig. U6. %}ggfeg fusecus, fourth instar
arva. £15.
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for 0. fuscus egre 1is similar to that for other aedine
mosquito eggs. Opifex fuscus eggs are able to remain
quiescent for long periods. This is wmost advantageous for
an animal occupying supralittoral pools which are fregquently

ary.

6« Lhe Larval Ecology of Opifex fusecus
Iniroduction

Opifex fuscus like all mosquitoes has four larval
instars. The larvae (Ilg 46) are aquatilc, metapneustic and
very active. The morphology of 0, fuscus has been examined
by Edwards (1921, 1930, 1932), #iller (1922), Wood (1928) and
Dumbleton (1962). In this study aspects of larval mcrﬁholngy
rst intimately related to the central thewe, the relation-
snips hetween Qpifex fuscus and its environment, were
investizated. Whereas previous work has heen upon individuals,

this thesis is mainly concerned with populations of 0O, fuscus.

6.1 Population Studies

One of the many striking features € the bislogy
of Qpifex fuscus 1s the high density with which larvae may
O zuUr., Pools at Tavlors @ istake were selested as sites Tor
detailed investigation of the population dynariles of the
species. These pools had two maln advantages for such a
gtudyv, Firstly they were easily aczescible and could be
visited daily if need bve, Secondly they were small and

henee fluctuations eould he detected more readily and with
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greater certalnty than in larger pools.

Sampll

No populatiosn studies of mosquitoes in supra-
littoral pools had been previsusly undertaken. Various
sampling wethods were considered in relastion te the problems
involved in population studies in this particular environ-

mente.

1e Direct counting:
This is the most reliable method to employ in popu-

lation surveys, but was impracticable when dealing with
larval Q. fuscus populations for several reasons. The chief
difficulties were moverment of larvae and the high densitiles
with whieh they frequently occurred. It was also difficult
to differentiate bhetween instars without examining each larva
individually. However direct counting was successful for
pupae, as they did not move as frequently as larvae, nor did
they occur in such nunbers. Direct counting of adults upon
poel surfaces provided a valuable 1lndex of the level of adult

popilations.

2

4 widely employed uethod of estimating aniral popn-
lations involves ihe capture, markine, releasc aal recasnture
of a proportisn »f a popnlation. The most populur variant
of this techinique is the "Lincoln Index" method, dith
insects such as O. fuscus in which the duration »f instars may

be as short as two days it is a problem finding o arltadle



nethod of warkine. mxternal marking by awputation, labelling,
spot marking, dust and spray pigments or stains, wus unsuit-
able because of the short time between moults. Internal
marking appeared to offer morc hope. But feedin: lurvae on
stained or coloured food was not a satisfactory method as

the gut contents were shed with the peritrophic amembrane

every twenty four hours. Serious consideration was given to
mart-ing larvae with a radioactive tracer. Baldwin, et al.
(1255) had considerable success in population studies of
several specles of wosgquitoes by labelling larvae and pupae
with Pzo. However Weleh (1960) drew atitentlon to some of

the limitations inherent in this method: a large number »f
larvae should e tagged; the experiment must Lc of short
duration otherwise the whole population becomes contaminated:
and the technlque in general 1s more satisfactory in pervanent
or discrete poolse. Moreover Baldwin et al.were dealing with
univoltine populations. The application of this nethod to
nultivoltine populations such as Qpifex fuseus would introduce
eonsiderable complications both in sampling, and mathematical
treatunant of data. It was evident that oven 17 a sophisti-
cated modification of the methods of 3aldwin et al.was uscd,
there could be n2 guarantee that an adequate interpretation

of the population dynamics of Q. fuscus could be obtained from
the data collectaod.

3. Dipping:
Dipping 1is a standard method of sawpling populations



Box for volume sampling of larval
populations.




of nosyulto lurvae. However Horsfall (1944) has found that
larval densities deteruined by this method deviate Wl th
observers,and often comparavle densities way appear diverzent
when recorded oy the sane observer in different places. For
thesereasonsdipring was not euployed as a uethod of determin-

ing Q. fuscus larval censitles.

4. 4rea and Volume Sanplines

Horsf:1" (1246) developed a technique of area
sampling »f nosgnito larvae populations. Subsequent v
Sidlingmayer (1554) and Welshn and James (1960) introduced
nodification and improvenents to lHorsfallts method. The
area saupling prineiple makes use of the reaction of wmosquito
larvae to disturbances. llost Aeles, Culex and Aggggaleg
larvae dive to the bottom of a pool when disturbed and then
slowly risc to the surface asain. When a oylinder is dropped
into a pool 1t encloses these larvae within a given area.
e nunber of larvae caught may be nsed as a measurc of

densitve

Unfortunately the ir egular botton of uost supra-
littoral pools precluded the use of such an area sawpling

device with O, fusgus populations.

this difficulty was overcome oy developlng a device
whiach would sanple a given volune »f water rather than an area
of botiome A box of the following dimensions was consirusteds
11 % 4.5 %X 4.5 centlimetres (see Fir, 4@). he boax was open

at both ends, but could be elosed quictly by insertin: two
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sliding doors into grooves at each end. The entire con-
structic: was of perspex, 8o that the larvae and pupae would
not be disturbed by any change in light intensity during

sanpling.

For a sample the open box was carefvllyv inserted
into the pool with as little disturbance of the water as
possible. Unlike most mosquito larvae Q. fuscus do not
suspend themselves from the surface for long periods, but are
distributed throughout a pool. Also they react differently
to disturbance. Instead of diving to the bottom they move
away from the centre of disturbance in all directions, With
practice the box could be inserted into a pool without
noticeably disturbing the larvae or pupae. After the box
had been placed in the pool with a minimum of disturcance the
larvae and pupae within the volume of the box were enclosed
by quickly sliding the doors down. Then the box and its
contents were removed from the pool and each larva und pupa
within this fixed volume counted and its instar group noted.
The number of lurvae and pupae within the box gave a neasure-
ment of density. Owing to the time involved in counting and
placing larvae and pupae in iastar croups it wae not possible
an any one occasion to undertale a number of savples sufficient
for subjection to rigorous satistical analysis. Yevertheless
by combining data from several successive sampling periods,
statistical techniques eould be applied. The wvolume sampling
technique provided a useful and relilable indication of popula-

tion trends within, ané contrasts between, pools. The
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Fig. 47. Larval and pupal population densities in pool 2, Taylor's

Mistake, February 11th to 22nd, 1961.

One centimetre on the vertical scale represents ten indivi-
duals., Each histogram records the number of individuals
per volume sample (223 millilitres). 142434 4, and P
represent the successive larval instars and pupal phase.
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Fig. 48, Larval and pupal population densities in pool 3,
- Taylor's Mistake, February 8th to 24th, 1961.
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population structure and dynamics of Pools 2, 3 and 4 at
Taylors listake were investigated in detail during February

and March, 1961, by volume sanmpling.

Results:

Histograms of data obtained from volume samples
of the larval and pupal populations of Fools 2, 3 and 4 at
Taylors i‘istake between February &th and February 24th, 1961
are presented in Figs, 47, 48 and 49,

All the histograms were drawn to the same scale.

This series of histograms illustrate the differences
in the densities of the Q. fuscug populations within the pools,
Detailed comparisons between the population densities of both
Pools 2 and 3, and Pools 3 and 4 for the months of February

and larch are given in Tables XIV and XV.
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TABLE XIV

Sounarison of Population Densities of Pool 2 and Pool 3

February - -arch 1961

.

17 68.00 574,25 - a0

IT  Ponl 2
11 13 4626 .7 24 ,B63

neht = 4,836
af = 26 ,
Sipalficance probaollity less than 0,701

leee Differcnse bebtween population densities highly
siznificant.

\? e " e 2
] =  Sample estinate of the variance of sopulatioan

g = Hbtandard errar of aean.

fd)
Teely
i

deprecs of freedoyi.
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- Figs. 47 and 48,
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8th.

Fig., 49. Larval and pupal population densities pool 4, Feb, 8-24the
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TABLE XV

Comparison of Population densities of Pools 3 and 4
February - ifarch 1¢61

Pool Mean of 2 5
Samples —_— _f
3 1 68,00 574.25 - 5481
4 18 24.94 251706 - 3,739
nEH o = 47,203
ar = 33

Sisnificance probabllity less than 0,001

1.e. Difference between populatinn densities highly
significant.

From these tables it eumerges that differences in
population density between the pools were highly significant.
Apart from differences between the mean densitles of each
pool there were also equally striking contrasts in the
relative densities of the various lnstars, hoth hetween pools

and within each pool over a number of days.

The nost substantlal changes in density of first
instar larvae ocrurred in Fool 2. This was found to Ye
assnciated with the water level within the pool. On the
11th Tebruary when the density of Tirst instar larvae wus
low Pool 2 was very nearly d4dry. But following rain tetween
the 11th and 14th the pool Lecare filled with water. “he
hi

gh density of firet instar larvae following the risc in

£y
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pool level was evidence of aun association between suomergence
of erzs and their hatching mechanism. As the level »f Pool
2 fell again after February 14th sn did the density of the
first stege larvae in samples, desplte the concentrating

effect of a decrease in pool volume.

S3imilarly in Pool 3 between February 11th and 14th
there was a rise increase in the density of Tirst instar
larvae colneident with a rise in pool level. iiowever the

density Incremont was not as oxtrene as that in Pool 2.

Emerging from this consideration of changing 1st
instar density i1z the fluctuwatinege population strusture of
the Qo fuscus as a whole. Even allowing for sawpling crror.
the histograms reveal rapid changes in the relative proportions

of the instars. Suhsequent laboratory determinations of

v

a3

i

srowth rates lead t- fuller understanding »f the significance

of these fluctuations. The fluctuations have two main sanses =

1« Irregular hatching of egrs.
2. Unequal duratiosn of 1nstars as revealed

by growth rate studles.

The truncation of Pnol 2 population histagrauvs at
later instars ond the pupal phase can be ascrined o wortality
due to the desiccation of the yponl. Comnmonly only carlier
instars were reproesented in tenporary pools. In these pools
the 1ife cyele of Q. fuseus only rarely praceeded bo conplet-

ion and tresendous wastage of breeding potential resulted.
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Table XVipresents comparisons of different sampling localilties

within the same pools,

TABLE XVI

in
Gnnparison of Population/Parts of Sawe Pool

1« Pool 3a South Bnd and Pool 3a Fast End.

" r 2 ;
Pool Lge of lean of 5 8
Samples Samples — x
3  BSouth End 15 63.4 1069.286 .45
3 Bast End 9 50 76245 2.2044
t = 3.004
af = 22

AT

i.e. Difference between population densities 1is
highly significant.

Significance probabllity lies between 0,01 anéd 0,001

2. Pool 3 South End Pool 3 East End
. 2
Pool joe of Mean o S S
Sauples Samples . X
3 South end 17 68 574,25 5e81
3 Bast end 10 B3 .6 416.22 645
t = 1 «H888
af = 25
Significance probability lies between 0.2 und G.1

28

lee, Difference hetween populations 1s 2nly just
significant
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During February and [darch there were highly significant
differences in the population density of south and east
end sampling areas of Pool 3a. However the difference
betweon the density in south and east ends of Pool 3 over
the same periad was only Jfust significant, the probasility

of " lying between 0.2 and Ol

FPopulation analysis using the volume sampling
method was augnented by direct ecounting of pupae (Fig, 50)
and adults. The results »f these direct counts rmade durilng
the nonths from February to May are graphed in Figs. 51 and
82« In February, March and April there were consldera.le
fluctuations, both 1in the total pupal populatinn at Taylors
Aistake and in pupal numbers in Pools 3 and 4. After falling
from 277 on 20th February to 38 on 3rd March the total pupal
population recovered to 481 on 22nd ifarch,only to be down to
142 a week later. The amplitude of the fluctuations was
sutstantially less in Pool 4 than Péol 3 which supported the
larger Qpifex population., During the second half of April
the total pupal population fell steadily till nhy illay 7th
there were only three pupae in Taylors istake pools. By
“ay 28th no pupae were left in these pools, Similar
fluctuations were recorded in the adult porulation. However
whereas the pupal counts were complete incInding ever; indivi-
dual in the locality, the adult counts only provided an index
to the adult populatione. Only those adults upnn the water
surface of pools were counted, Collections showed these

adults were predominantly male, although fenzles werc not



uncommonly found upon pools. As Figs. 51 and 52 show the
fluctations of adult population tend to lag behind correspond-
ing fluctuations in pupal maabers. The adult population
index was of o sinilar order to the pupal population., On
May 28th there were stlll seven adults, but none werc seen in

JUNEC

Larval population also fell substanbially during
April and May but the decrease was modified by the contimmed
hateching of eg s. For exarple a volume sanple from Fool 3
on lay 28th when no pupae and only seven adults were seen,
ravealed seventeen Tirst instar, four second instar, sixteen
third instar and five fourth instar larvae. Qther pools
exhibited a sinilar reduction in larval density. Taylors
Mistake populations were maintained around this reduced level
of density during June and the first half of July, tut the
0. fuscus population suffered severe depredation during a
storn in the third week of July. On July 22nd after the
worst of this onslaught had passed no first o sceond instar
larvae were secn in any of the Taylors iHistake pools. Ho
larvae survived in Pools 2 or 4 at all. The only remnants
of the previously well estaplished populatinn were five third
stage and two fourth stage larvae in Pool 3. This differen-
tial survival within Pool 3 may be asceribed to the atility »f
the larger larvae to shelter amongst the srall rocls and
stones upon the hottom of Pool 3, Ho similar shelter was
available in either Pool 2 or Pool 4. The discovery of one

live fourth Inster larva secrcted tail first with only its
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head protruding from a narrow tube within a stone gave some
indication of how these few managed to survive. By Aupgust
16th the Qpifex population had begome re-estat:lished {rom
eezs which had remained qulescent through the winter, First
instar larvee were pumerous in all pools. & volume sample
from Fool 3 on September 15th revealed the following

porulatilon struetures-

ist Znd 3rd 4th Pupae
Instar Instar Instar Instar
198 3n 6 8 0

Although many eggs had hatched since July, few moults and no
metamorphosis had taken place. A similar situation prevailed
in other pools. It was not until Qctober 2nd that the first
pupa reappeared at Taylors l'istake: a solitary specinen with-
in Pool 3. On October 1st there were over one hundred pupac
in Pool 23, Pile Bay, and more than seventy adults upon the
pool surface. Temperature conditions in Pile Bay and Taylors
Mistake pools were likely to be similar, but Pile Day is much
more sheltered during rough weather. Little nmortality had
heen suffered by the Pool 23 population during the winter,

and consequently pupal and adult populations were re-estanlish-

ed sooner than at Taylors i‘istake.

A second serious setback was suffered hy the Tavlers
istoke Qo fuseus populations during October. For three
weeks from Qetober 5th all the pools were éry exgept Fool 4,

At a time when,given favourable conditions, the breeding



population would be approaching a maximum level after the
winter, metamorphoslis, mating und oviposition were restrict-
ed to one small, low population density pool. When the
pools were filled again at the end »f Oestober the population
recovery was, surprisingly, even wmore spectacular than the
previous one in August. Mo epga had been laild around any
pool eoxcept pos+~ibly a few round Pool 4 for at least five
mnonths. Yer the mamber of larvae whish hatched in late
October and euarly November was greater than in Aursust. The
water level withln the pools was no higher ik November than
in August, 8o the eggs which were submerged in the later
month would also have been submerged earlier. Borg and
Horsfall (1993) and especially Horsfall (1956) have oepha-
sized the importance of conditioning (the presubmergence
exposure of eggs to specific environmental eonditions) in
readying aedine mosquito eggs to hatehing on submergence,
Thus the adequacy of conditioning has been shown to e
important in determining the esgs response to the hatehing
stimiluse. It is sugresied thalt the failure of many epggs to
hateh when first submerged was due to inadecuate conditionine.
Subsequent environmental conditions prepared the esga to re-

spond favouranly to later hatehling stimuli.

Populations in Other Pools:

=

Population structure and fluctuation of QOpifex

fuseug in other pools were not exanined in detail as at



Taylors llistake. However, obscrvation conflrmed lat the
major trends rocorded from Taylors iistale pools alsc took

plaze in other South Islsnd poole.

Firstlylarval pupal and adnlt denslty was always
highest dwring sumter moaths. o pupae or adulis were seen
at any pools during the winter although Wood found osrasional

pupae and adulte at Island Bay in the winter »f 1920,

Secondly there were marked -ontrasts hetween pools
in the amplitude of population fluctuations. For instance,
one of the largest pools, 32 Goose Bay, on March 3rd, supporte
ed an enormous Upifex population. Ou that day the number of
adults upon ite surface was estimated at Letween nine und
eleven thousand. Yel on Hay 10th only a single adult was
seern. upon its surface. Heavy seas washing into the pool
were no doubt responsible for the devastation of the Q. fuseus
population. Unlike Taylors iistake ponls, the D. fuseus
population was only very slowly  Tre-established. As late as
October 15th there were no more than thirty larvae within
the pool 3. Apparently contimied disturbance by the sea,
predation by Anisops assimills and possibly by the cockabully

rium, had prevented any resurgence of population

numbers, On the other hand the larval density of prool 31,
lonse day, rerailned much steadier throughout the yenr, althoush

ggain 1t was highest in the suwiner months.

In a third large pool, 25 Xaikouru, larvac congregal-

od in preferred ragianayhere densibty was aintelined around
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twoaty o thirty per volume sample, (224 z.7.08.) while

Torvae were anseat Trou other parts of the pool. Vensity

TR OF enditions had only o lindted nesnin-. Taryal
qmubers dn P2onl ©5 aever approached the maxioan levels in

31 or 32, o

4,62 arval Foods

Sources of larval od were detersdped v exuninatbiosm
af the gut eontents of larvae of all four Instars, irst
sture larvae seeesr o galn most of thelr norurishment fron
voli regerves enclosed within the hind gut. Oczasinonal
srall dlatons were Tound within the bindeut of first instar
lorva it the plantids were not digesteds Some flne sand

gralns were usvally present as well,

o yolv was retained in the sut of second insta .
Gut enntents »f geeond, third zné fourth instar larvae frow
egnn pool were similar in nature but there was o rrorressive
inzrease in the waxiwum size of acceptable partizles with
eacn Instav. Conwonly the gut eonbtents »f larvae enasistad
of a eonglouneration of dlatoms, unicellular creen alsuc,
filaments of blue green algac and detritus partizles, JRETS
relative abundanse of these various componoenbs in suh ¢ove
tents was privorily (%_e:i;c:zrésainfzf'&i by their avallabiliby, Howewrer

there were two distinet types of feedins behaviour assoclsted

e
&
b
i
 d
[

with worphnlogizal differences in larval eoyith part

will be discussed lzter.
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Ooeasiomlly partlally digested protozoa aund
ta ol De fosens cxosteleton were also foun? within
oo turval hindrut. Alller (19222) and Wood (1920) hawe
presented evidenze of cannlvalism apong 0. Tuscus larvae.

Canndbolisn was 1ot a eominn HEIVrrer 3e’cnu%.mn1y v fured
larvae were attacked,and only whea »tbher food supplices were
Inadeguaio. Such fecding habibs are an extensinn of thoe
scavengzing bebaviour of 1&??é9’/ Dead larvae, and desavine

plants and anloclswere ?r quently attacied.

aetoria and ywasts provably forg an important
part of bthe diet of 0. fuscus as with most mnosgulio larvac,
Ho direct cvidence »f thelr presence in ont contenbs was
obtalned, but with high magnification and erltienl 1ishtine
toth bhacteria and yeasts were observed in supralitioral pool
waber which larvae had teen 7 lterins. The experinontg of
Trager (17356) indleate that Aeles aepyptl is able to grow on
catorials in solutioa oaly,and it is eomsequently widelw held
that wos. sosqulco larvae depend In part, at leasiy, »n {ood

maborials in soluting in watar.

4,643 Llgthode of Feooding and Larval ‘outhpartss

Introductions

In his desceription o5F the larval wovpholory ob

aditnlar

Opxifex fuscus, ‘iller (1922) deserived the pro-w

aonbhbrushes as belns rade up of sirple halrs. Aond (1929)

did not ehnllenge illerts deseriptinn althourh Bis oun



acanunt differed sounewhat.  Ascording to Wond, each wmouth.
sruash eonsists of hairs of two kinds. The outer ones were
loneg ond survedy the inner ones were shorter than the
outside nnes, a4 were tonthed, In an exawinacinn of
spacinens of Q. fusgeus collected in 1921 by G.V. Hudson

Pefe Muttingly (in Varks, 195&) discovered that sose mouth=-
brushes eonformed to Miller's deseription (all simple hairs)
while others had peetinate hailrs corresponding to Voods
aceount. arks collected larvae at Island Bay and found
that this population also was comprised of a mixture of
larvae with simple}&ud pectinate types of mouthiurushes. As
early as 1921 Wes¢nberg-Lund had recogniged tlhat there were
these two basic Lypes of mosqulto mouthbrushes, but the
existence »f both types within a single species has not

previnously been reported,

Cethodss

The structure of Loth simple and pestinate types
»f somthibrushes wag examined. Larvae and adults werce
gearched for possible linked worphologleal features. Come
parisons were made of the funetion of the two types »f uouth-
brushes. The proportion of both types in several gools was
examined, and possibility of a rclatiouship bebtweon sex and
frequency of the two kinds of mouthbrush was checked. A
series of laboratory experiuents was undertaben to dotermine
the bearing which a verlety of environmental econnditions might

have mm the norphology of the wouthparts.
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Fig. 53a. %gggggagggg%g, fourth instar larva,
ad, dorsal aspect, showing mouth-
brushes with only simple hairs.

Fig. 53b. O?gfex fuscus, larval mouthbrushes,
simple type.




ad, ventral sepect, ahm:in{-
mthbm&lwa with peetinate bristles.

pe



Fig., 55, . e 8 larva, Pectinate bristles
_ ol mouthbrushes.
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Resﬁ ta:
The difference between sinple and pestinate
bristles is sufficient to produce two very distinet types
21 orushes (Firse 53 and 54). Pectinate vristies @Figa 55)
are sickle shuned with teeth on the inside edre of %he curve.
They are rigid, ug to ten tinmes the width of the siuple
halrs and no rore than two thirds their length. In a brush
with peetinate bhristles, the outer. quarter »f the fiabella
supports simple hairs. The density of hairs in this outer
gquarter is greater than in the lnner three quarters »f the
prush whether the other hairs are pectinate or simple.
Sirilar numbers of hairs are present hoth in the simple and
pectinate types of brushes. There is ¢onsiderable variation
in pectinate bristles. In fourth instar larvae the most
strongly developed pectinate bristles are bhetween 140 and 170
/7 in length and between 2 and 5 v 1n width. The longest
teeth are 12 and the broadest 3 7/ wide. All teeth on one
hristle are not of equal length. Usually the third or
fourth tooth from the tip is the longest and therc is a
gradual decrease 1in Jength towards the base »f the »ristle.
With wear, teeth way be reduced to mere stumps no more than
TeB 7/ longe. dristles on the ventral surface of the brushes
are the wost strongly developed. As they btecome worn and
broke: of 7 the more dorsal bristles are strengthened and
funetionally replace Lhens. Developins pectinate bristles
differ frow sinple hairs in being shorter, slishily broader,

znd have nimate scrrations along their inner vurgin. Tre



teeth reach their full length hefore broadening out. Thus
dorsal to the sturdy ventral bristles are several rows of
bristles Learing fince cwbs. Thourl the teeth within these
combs wmay he 10 or 12 /¢ 1in length, in width Lthev are nn nore
than D.6 . There 1s also varistion in the mamber of teeth
upon bristles. Componly there are botween twenty and thirty
teeth along the outer third of the inside edee »f cuch
bristle. #ut there may be no more than ten teeth on a

Larvae and adults were carefully searched Tor
other morphological characters that nisht be assoecisnted with
variation in the types »f mouthbrushes. Apart fron the
generally heavler ehitinization of the mouthparts, cvidence
of their greater wear in larvae within pectinate type of
woanthbrushes, no difference could be detested.,  Adults whieh
had been produced fron simple and pectinate types »f larvae

were indistinculshable.

‘Ihe Punetions of iouthbrushes:

losquito larvae have several different wmethods of
foeding (Bates, 1949). These ares-
{a) Gnawing hardéd suvmerged onbjects,

() Scraping »ff the periphyton on the surface of

¢) Swallowing comparably large floatines hodies.
} Filtering small suspendesd purtisles fpom the

walor.
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Houthbrushes are involved in each of these methods, all of

which are employed by Qpifex fuscus.

Larvae thalt were observed gnawing or scrapins were
found alwayvs to have pectinate bHrushes, Particles were
grasped nd held hHetweenl the brushes on each side while the
hrashes were rasped qulevly and repeatedly over then. Fre-
quently detritus particles were held tetween the brishes
and carried throusgh the pool. Larvae were seen with a firw
grip on depris with their brushes strugegling aand pulling until
a particle was loosened and then swallowinsg it, 1€ it were

nf suitable size.

Hevertheless, desplte the ability of Q. fuseus to
gnaw objects, scraping surfaces was a much more popular
feedins method for larvae with pectinate brushes. Almost
any object appeared to provide a surface acceptable for
seraping. The widely extended brushes were applied with
their ventral Tace against the surface. Then there was a
sharp posterio-ventral and central movement of the Lrushes
in unison. ihis movement was continued until the bristles
woere in intinmate contaet with halrs and bristles »f the
mandibles and maxillae, A short sharp lateral movement of
the brushes ¢ovupled with a slizht ceatral wmovement »f the
maxillae resulted in the particles gathered by the brushes
Heilny transferred to the mandibles and maxillae. As the
brusheos were withdrawn fron eontact with the mandibles and
naxillae the lattor struetures were vigorously thrust into

4 £

viie opal cavity. i‘hon the mentum was thrust dnrsally ood



forward reducing the size of the mouth as the mandibles and
naxiliae were withdrawne. Durinz their withdrawal they
seraped against the toothed mentum leaving their load »f
varticles within the oral cavity. At the saue timsg
particles which were too large to enter the month were ro-
Jected, As the mandibles and waxillae were withdrawn the
pharynx enlarzed znd the food was susked into the guk.
deanwhile, the inward and prosterior movewen®t »f the mouthe
brushes had resulted in the larva being propelled fTorward

80 that Lthe surface to which they were next applied was new.

Bxanination of gut contents showed that the swallow-
ing of large particles was a regular occurrence both with
larvae having pectinate and simple types of mouthbrash when
such particles were available. Selection acted throush
particle size rather than on potential food value. Bits »of
wood, detritus, filamentous algae and cutlcle apreared within

the gut of both types of larvae.

For larvae with excluslvely simple hairs in their
nouthvrushes, filtering was the wost favoured feeding methnd,
Larvae with pectinate vouthbrushes also fed by Tiltering
small particles from the water but they were predoninately
scraping feedors. With thelr lonser halrs, larvac with the
simple type »f vouthbrush were able to filter a groster
voluwne of water in @ given time tran pectinate twpes, anc
wore therefore nore efficient filter-feeders, fhe weshanisn

of filter-feedinr in Qpifex fuscus larvae is Jdentizatl with




that of the sceraping method of feedings. Indeed filter-
feeding can be regarded as scraping the water for fond.
Exactly the saune sequence of movenments »f the mouthgparts

331

are involved in each nethod. The proportion of small
particles sueh as unicellular alegae and diatnms was ruch
higher in the gut contents of filter feeding zimple mouihi-

brush larvae than in pectinate mouthbrus' larvae.

A variation of the common uethnd of filter-feeding
is interfacial feeding (lenn guoted in Zates 1949). Q. fuscus
larvae freoteantly feed in this way while breathins by
suspending themseives from the water surface Uy thelr aml
siphon and arching their anbdomen 8o that thelr head is als»
at the surface. In this position the mouthbrushes sweep
particles from the surface filn into the larval mouth.e As a
result of the various currents thus ereated the larva rotate
about the siphonsl pivot point at a rate determined by the

vigour of the mouthbrush movements.

The volume of water exploited by filter feeding 1s
surprisingly large, Senior White (122&, In 3ates) estiuating
it at ranging hetween from C.8 to 2.0 litres per day for third

and fourth stage larvae of various mosquito species,

Schavioural adaptations:

Associated with these various feedins habiis arc
sehavioural adaptations. 0. fuseus larvae are grezarinus.,

Fregquently larvae were concentrated in a few areas within o



pool while the rest of the pool was completely void of

larvae. This gregariousness was partieularly evident in

large pools such as Pool 25 where larval numbers were not

excessive. On av 10th volume samples were talen aricdst

the two largest conzentrations »f larvae within Pool 285,
faikoura. The first sanple was taken in the 2iddle of a

group of larvae filer feedine, while the seennd sauple ¢oii-

posed larvae hovering around a deecayvine Lessonia frond at

the opposite eud of the ponl. The mouthbrush types of the

twn samyples are ziven below,

Sanple Mid Waters Filtering

flumber of Simple larvae Mumber of Peetinate
larvae

20 2
(41l Third Instar)

Sample 2 Over Lessonla: Browsing
Tunber of Simple larvae fumber of Pectinate
larvae
1 10

(411 Third Instar)

Obviously within this pool there was habltat

ction ascociated with the type of mouth-brushes which

the larvae possessed and the kind of available food.
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Proportions of ‘outhbrush Types in Other Populations:

The mouthbrush types of larval sawples taken from
other pools were also determined, In Table XVIIthe results

of these exaninaztione are recorded by instars,



TABLE XVI

vouthbrush Types in Orifex fuscus Population

Logality Date Instar
2nd 3rd 4th

Simple  Pectinate Simple Pectinate Simple Pectinate

Island Bay &.1.61 2 9 1 10 0 10
G. 32 10.5.61 0 0 7 1 0 0

Ge 31 10.5461 0 0 20 21 13 26
T3 15.2.61 20 4 2 11 0 0
Tiad £:3661 12 13 3 11 2 12

G = Goose Bay Pool
Te.M. = Taylors Mistake Pool
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This table shows that larvae of each instar,
except the {irst, had either simple or pectinite types of
nouthbhrushes. 411 first stage larvae had siasle moubth ynshe
es. The proporiion of sinple and pectinate Lypes waried
between pools and within different samples from the 55

poole.

. It was possicle that mouthbrush type might have
been linked witl: the sex of the larvac. Lyven In early
stage lorvae 1% was possible to distinguish the sex »f larvae
as the rudimentary male gonads are dense black in colour
while the female rudiments are not plgmented. Thirty-two
larvae of sceond, thlrd and fourth instars were investigated

for mouthbrush type and sex. The results are tabulated

below in Tasle XVIIX.

TABLE XVITI
Sex and :louthbrush Types in Opifex fuscus

Instar liouthbrush Type tale Female
2 Simple 2 4
2 Pectinate 0 1
3 Sinmple 5 8
3 Pectinate 1 0
4 Simple 1 0

R
~2

4 Pectinate
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Houthorush Types of Instars of Five larvae.

Laxvee Number ingtar
st 2nd 3rd 4th
1 5 5 5 S
2 S P P P
3 S S P P
4 5 p P S
5 S S P S
In this table S = Simple hairs only in
mouthbrushes.
P = Pectinate bristles in

mouthhrushes.

These larvae were grown at 25°C and fed on rowdered

fish food,.

nouthbrush types of QOpifex fuseus may remain the

sane 1n successlve instars or they may change either fronm

simple to pestinnte or vice versa.

Since this experiment had demonstrated that the
rnorphnlogical variation in larval struelure was not due to
genetic difTerences between larvae, further experiments were
desipned to debernine environmental stimulil which might produce

larvae with simple or pectinave bristles in mouthbrushes.

Field ovservations had suggested that Tood supply

might eontribute to the morphological variation. Larvae with
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douthbrush Types vy Instars of Larvae fed on
Loefilers Dehydrated Dlood Serum atb 25

g lumber lostar
1st 2nd Ard 4th
6 8 5 g 1
7 S 3 S S
8 S 5 P ¥
9 8 5 S S
10 ’ S S 3 5
11 ) S S S
12 3 5 S 5
13 S 8 S 5
14 8 ) S P
15 S S S S
16 5 S S 8
17 5 S S g
18 S S S )



only sinple halrs in thelr brushes had been found to be
st exelusively filter-feeders while those with restinate
srlstlies Wwere brovsers. Loreover tho ozzurrence U aach
tyre of larvae was eorreloted with the availabilisy of sulfe
able Tood. Powdering of the fis» food used in che initial
experinent groduced a wide range »f particle size. I:c was
suspected Lhat the varied results »f the first oxperinent sav
have been associated with the chanse supply of particles of

diff'erent sizes in unequal grantities t» eaeh larva.

& seeond experiment was performed to test {his
hypothesis, Loeffler's dehyérated tlood serum, whish had
been successfully used by Wigrclesworth (1933) for feedine
moagquito larvae, was selected as a sultable food. Its chief
advantages were that the particles were »f uniforn size and
becanse this was small most remained in suspension between
water chanzes. Consequently larvae were dependent »n filter-
ing for obtaining wmost of their nourishment. The resulss of

this experinent are given in Table XX

With alrnst all the available food in susponsion
and acsessible only by filtering the mouithorushes developed

by the larvae were almost exelusively simple.

A fTurther experiument woe initiated usin. soeh largep
sized porticles which ¢onld only e manipulated by seraping
or gnawinge and not by filterins. Fine prain fish food that
had not been powdered was used as food for the larvae, which

D

were grown in a constant teuperaturc abt 25 C. The moutihbrash



IABLE XXI

iouthbrush Types by Instars, of Larvae fed
on comnercial Fish Food

Instar 1 2 3 4
Larval S P P g
‘outhbrush 5 I P P
Types 5 P P F
S P P Iy
] P ¥ P
3 ¥ F P
5 S p ¥
S s P P
S 5 P P
S P P P
S P P P
5 S S S
S P P F
S ) P p
5 P P P

S = Bimple hairs nnly in mouthbrushes
P = Peetinate bristles in mouthbrushes
larvae.

41l Larvae were grown at 25 - 27 ¢



LADLE XXIT

Jouthbrust: Types, by Instars, of Larvae supplied
witt Fish Food during Serond Insgtar, and Loefflars

Dried Blood Serum durine Third and Fourth Instors.

Instar 1 2 3 4
Larval S P 5 S
Uouthbrush S P g 5
Yyvves 5 P P S
S P S S
S P 3 S
5 F P S
S P P ]
S P I3 S
8 P S S
] P P 5
S F P S
S P P 8
S P I3 S
S P P 5
S P 5 5
S i S 5

8 = Simple halrs only in mouthbrushes

Pectinate bristles in mouthbrushes

i
i

All larvae were grown at hoom Temperaturc
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developaent of hrushes,. In the field larvae had een found
to respond to s variety of foods, whose ¢henical sonpositiong
were undoubbedly different from those used in the labaratory,
by developing the type of brushes hetter sulted o the
exploitation of the available food. “oreover the experinents
had shown that wouthbrushes of elther type may be developed

if larvac are grown upon the saze food supplicd in a range of

particle size.
It zan therefore be conclnded tat pertinate or sinple
types of mouthbrush are developed 1n caeh instar, excert the

first in response to the available food, I7 00 15 in

~

suspenslon and can be gathered more efficiently by filterine,
simple types of hairs only, are developed within the mouth-
brushes of 0. fuseus. Whnen the ool supply 1s of lsnrer
particles, or can be exploited only by serapins or rowsine
peetinate bristles are developed in the mouthhrushes. In a
nopulation the proportion of larvae with eaeh type of ovrush is

adiusted an that the available food is most efficiently

ntilized.

Polyorphisn is aot nncomnnn awong insects, In ﬁanv
insactﬁ which neour naturally in wore than one for: the
characters arc eontrolled by genetic factors, but there are
well Yaown exarples in which polymorphisry say e hroncht atont

n the eorse nf development by envirommental factors acting

upnn iluseets of uniforw constitution, e.r. seasonal dimorphisa



in butterfliess; head types of polymorphism in ants; poly-
morriise in honey-bee eoloniess und in aphids differcnces on
wne oone hand between parthenogenic and ganie cenerationss
aud on the osther between alate and apterous forms amony the
parthenogenlce individuals. In many instances the prizory
environnental stimull responsinle for the devaelopnont o8 The
differcnt forus have been determined, but little is Fnown of

o bhese astimmli influence the structure »f anlunls,

It has heen estaulisghed that mouthirush polvaorvrhiss
¥

in Dpifex Puscus is determined by the available fond bub there

is no ovidence, =L present, as bto how this stimuluns aets upon
’ ’

the animale.

DBinlorical Siznificance of larval Polymorphism:

o e

Folysorphisy of larval moutlbrushes is »f adaptive

alue bto Opifex fuseusg enabling the larvae to exploit wmost fully
b

the food resources of the environment. The abilicy to respond
morphnlogically Lo the available food ensures that it is
efficiently ntilized 82 that a maximyn numoer of individnals

develop £t form a brecding population as quickly 28 poesibvle,

In no species of mnsquitn other than J, fuseasg hus
he ogeurrence of two distinct tvpes of larval mouthbrushes
been roported. However Losen and Hozeboow (1754) have s own
that at least two species of the sguttelaris group »f sedcs in

Polynesia, & polynesiensis and 4. pseudoscutellaris may have

either hairy or non hairy larvac.  although Hosen snd Hozeboon
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entablished that the sontrol of thils variation was environe

mental they ¢id not elucidate the particular facstor rosponsible,

Suolntionary Significance of Larval lorphologieal Vari tinns

In & suvrevey of larval rmouthparts of Culieinae
Surtees (195%2) conecluded that filter-feedins was prinmltive
awmong wosgults larvae while other feeding tabits have eon
more rocent dovelopuents. Lthis theory was ocased 30 o a2 mpara=

tive study af thue stroeture and feeding ha.its mariber

€1
o

of eulicine gpecies.

2

Surtecs deseribed the typleal filter-feedin: facies
as follows: long fine unserrated mouthbrushes, large naxillue
beuring =eny fine setue, suall weakly chitinized mandibles, a
weakly chitinized mentum possessing a large number of very
small teeth,and associated with these features, larre sub-
apical tufts on the anbennae. Larvae of the typical browsing
faeles have short stout antennae, with no suhapical tuft of
setae, and distally serrated mouthbrushes, s.rong maniibles,
roduced raxillae with well developed setas. A scries of
species with feuitures intermedlate ebtween these two facies

was deseribed by Surtees.

Apart from the radical differences in She stiructure

of mouthbrushes in the twn types of Qpifex fuscus larvae, the
monthparts »f filter-feeders and those larvae which are pre-
doninantly browsers are almost identical, except that in
larvae with pectinate brushes other mouthparts tend io be wmore

heavily chitinized and setaec stouter. Yoreover tho strusture



Fig. 56. Qpifex fuscus. Antenna of a fourth
instar larva. X100.

F

Fig. 57. gg;{p_;_?mg Mandible of a fourth
nstar larva. X100.
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and pupal phases of jgnopheles guadrimaculates in detail,
while Nielson and Bvans determined th e effect of termperature

in the duration of the pupal stage of seles taemorvhaynchus.

In both works mathematical relotinsnships hetween tenperature

and development were formilated.

The degree of precision reached oy Huffaker and
ifielson and Evans was unobtailnable with the facilities
available for studies on Qpifex fuscus. Towever these
experiments provided an adequate insicht into the relation-
ship belween the growth of Q. fuscus and the temperature of

the enviromment .

Methodss

Larvae were grown individually in test tuhbes
eontaining 26 wl of sea water. Equal quantities of commer-
cial fish food or Loefflerts hlood serum were added after
each water change every other day, in quantities sufficient
to ensure?gagﬁrplus was avallable to larvae throughout the
two day period, without the culture nedium beconing con-
taninated with fungal and mmeterial growths. Larvae were
grown at the following temperaturesse-

Te At 13% - 100, in a constant tewperature bath using runn-
ing tap water.

2. At roon terperature (mean maxirunm 2&.800, mean minirmm
14.49%).

3 At 25%C - 2% in a constant tenperature bathe.

4. it 279°%C - 2% 1n an oven.



TIME . DAYS.
18 -

17 -
16 —

15 ~
14 -

13 -

12 -

o -
STAGE: 2 3 4 P o 3 4 P
27% 25°¢

Fig. 60 Growth rates of immature stages of
Q0. fuscus at constant temperature.




TIME : DAYS.
19E_.D S

18 -

17 -

16 -

16 ~

14
13 -

12 -

O STAGE: 2 3 4 P 2 3 4 P
Normal Days Total Darkness

Fig. 61 Growth rates of 0. fuscus, at room temperature,
in normal days, and complete darkness.
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0f the two batehes of larvae grown at room temperature one
was kept in couplete darlness, except when being fed; the

other was exposed to normal length days.

Attempts were wle to grow larvae in an oven at 32%,

Larvae were also kept in a refrigerator at 3°C -~ 29,

Between fifteen and twenty five larvae were ineluded
in each experiment. All the tubes were checked daily when
those larvae which had moulted in the previous twentv-{our
hours were rocorded. The duration of thc second, third
and fourth instar, as well as the pupal phase, of each
individual animal was recorded. 48 each experiment was
begun with first instar larvae the duration of this stage

ceould not he recorded.

Hesultes

Growth rates at various temperatures and conditions
of light and darkness arc plotted in Figures 60 and 61, From
Fig. 60 it can been seen that the growth rates in the oven
at 27°%C - 2% in almost complete darkness, and in the water
sath at 25°%C - 29 with normal length days were almoat
identical., The small differences hetwecen the duration of
second and third instars in the two experiments cannnt be

eonsidered as significant.

At all temperatures the stage d longest duration

was the fourth instar. As Huffaker (1944) has pointed out
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the growth of the fourth instar involves by far the greatest
inerease in mass, as well as tWmsic tissue transformations,
so that it 1s not surprising that it should require the

longest tiue.

The duration of all stages was longer at roowu
temperature and??ﬁcc than at higher temperaturecs. Alvost
identical rates were recorded for second, third and pupal
stages with larvae grown in normal days and/éfﬁas* eonplete
darkness at room temperature, That the fourth instar was
longer in darkness can probably be attributed to the effect
of light upon the food supply. Although an excess of
Loefflers blood serum and fish food was available at all
times to all larvae, lighted conditions were more
favourable for the development of micro~organisns. Sacteria
and protozoa are ¥nown to be normal food of nosquito larvae
(Bates 1949). On the other hand the delayed growth of
fourth instar larvae in darkness may have been due to the
unfavourable effect of some toxiec material in the media, rather

than to dietary deficiency.

Previous work has shown that light is an unimportant
direct factor in mosquito development., Thus Fieldin~ (1919)
found that the larvae of Aedes gepyptl grow equally well
in the presence or absence of lightsy Jobhling (1937) obtained

similar results with Aedes aegypti, Culex pipens and C.

fatirans. 7The length of the fourth instaur at room temperature
an? at 13°C indicated that these larvaec were near their

lower temperature threshold for pupatlon. Since earlier
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stages monlted with comparative facility under the sane
eonditions, 1t appears that the lower threshold for
pupation is higher than the corresponding threshold for
larval developuent. Fleld observations suvstantiate this
for, whereas larvae continued to moult in South Islund pools

during winter months, no pupae were seen (il1 spring.

Some first and second instar larvae survived but
many died in a refrigerator maintained at 2% « 2%, Third
and fourth instar larvae readily tolerated this tewuperaturc
surviving for several months but no pupae survived more than
three dayse. o larvae exhihited any signs o developnent

at this temperature.

Ability to withstand low temperatures ls necessary
for aninals inhabiting supralittoral pools whizsh Tollow
fluctuations in atmospheric tenmperature more closely than

larger bodies of water.

Attenpts to raise larvae at 32°C were unsuccessful
owing to contaminatinn of culture by nlcro-~organisms.
Larvae survived between instars, but diled ilmmedintely after
noulting. That larvae could tolerate hisher temperatures,
at least for short periods, was apparent from field
noservations, which revealed temperatures as high as 369C
in pools containing Q. fuscus.

tiouthbrush types were examined alter each noult
during growth coxperiments. There was no btendency for larvae

with one type of brushes to develop faster than those with the
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other. Hather the type of brushes most suitable for the

utililzation of the available food was developed.

4,6.,5 Salinity Toleranee f Opifex fuscus.

Opifex fuseus occurred in all pools fror which

salinity data are recorded in scetion 2.2, The maximam
recorded salinity was 96.90/00, the minimun 0.40%/00.
Dunmbleton (1962) observed that 9, fuscus had been bred from
a freshwater strean at ifurray's Mistale, Banks Peninsula.
Larvae were also found in a land locked lagoon at oeravi,

Horth Otagoe.

BExperiments on the salinity tolerances ¥ 0O, fuscus

were undertsken in the laboratory.

dethodg:

Larvae were grown individually in tubes containing
solutions of a wide range of salinityv. The reactiongof
larvae to ecach solution and their ability to withstand
transference from one solution to another was Trecorded.
Solutions used durine experiments were:

1. Distilled water.

2¢ Tap water.

%, Sea water diluted to 3°/oo with tap water.

4. Sea water diluted to 180/00 with tap water.

5. Torwal sea water.

6. Artificial sea water prepared by the method developed

by Dakin and Edwards (1¢31) and used by Woodhill (1936)
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for experiments on the tolerances of Aedes (P) australis.

The followins auantl ties of salts were first added to
900 ml of distilled waters 2€.15 gm Nall, 3.67 g 8C1,
581 gm %gﬁlg, 5.92 gn :gsoé, VHEO. When these saults
were dissolved, 1.45 gn of CaCly,, 6Hy0 was added, followed
by 0«25 gn naﬁcos. Following the addition of a trace »of
iodien the whole was made up to 1000 ml with distilled water.
With a salinity of 35.7%/00 the physical and chemical pro=-
perties of the solution closely approximated natural
seawater.

7. A wethod suggested by Dr. H.L.Ce Pilgriw (pers. comm,)
was adopted for the preparation of concentrated artifisial

seawater. The composition of the solution was

Kci 2.42"{ 90 6B OGQgEeOPONYOBDUYEO 108 ?}]1

03312 1.6M POENUOVOEPOOEIG NP e ml
f:gc 1.6:; R R R R E R R R E TR K] 14.5 ml
NaCl 2041*5 FE R E RN EE IR NN NN I W tf’) 1””:\0’?\ ’ﬁ?;l

Its concentration, in respect to the major cations, was
four times that & seawater. Any required lower concen-
tration was produced by dilution with /400 HaHCOS.
Commercial fish food was fed to all larvae in
salinity tolerance experinments. Culture media were changed
every other day. When larvae were changed from one solution
to another they were pipetted, with as little water as
possible, from the initial solution to one of the required

salinity, in which they were left for several mimtes before
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being finally shifted to another tube containing a similar

solution. Ten larvae were used in each experiment.

Results:

1e 411 stages survived and develnped in distilied
water. The addition »f fish food would have supplied sone
salts, but the tolerance  QOpifex fuscus larvae for

nezligible =zalinity was remarkable.

N The iomature stages of 0. fuscus all developed in
tap water, seawater diluted to 30/00, 180/00, In normal

seawater and in artificial seawater (35.70/00).

3 No larvae survived direct transference from
distilled water to normal seawater, but three out of ten
survived a change in the opposité direction. All possible
conmbinations of ehanges of larvae between tap water, and

salt water o salinity of 3%/0o, 18°/00 and 35°/00 were tried,

but no mortality resulted.

4, Six of ten first instar larvae and four of ten
second instar larvae were dead within twenty four hours of
transference from artificial seawater, salinity 35%/50 to
70%/00. All twenty third and fourth instar larvac survived

a similar change. Ten larvae »f each instar were transferred
from artifieial secawater, 35%/oo to 105%/00 but only one,a
fourth stage, survived. When twenty first and second instar

larvae were moved from artificial seawater, salinity 35°%/00
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throvzh solutisas of 45%/00 ang 55°/ao, remalnineg in each
=3 '3 3
for soveral hours, to 707 /o0, four first stage and seven

second stapoe lurvae survived.

He Larvae were kept 1o a dish to shish
was added as the volume Tell with evaporatisn, In this wav
the salinity sradually inereased while the volume of waifer
withln the dish was keyt apryroximately constant.  Tryowth

and metannrphosis sontimied until the saliniiy resshed approri-
mtely 13%3!9@. after that n» larvae pupsted but adults
epmercod frow pupae present. When the last of the larwae

died the salinity was between 160 and 170%/00. Lagh of
sufficient food was unlikely to have been a prinmary 2uuse

of death as larvae at lower salinitiles were lLept Tor noniths

without reing supplied with food.

Discussion:

These experiments confirmed field obze wvations
showlng that Qpifex fuscus has wide salinity tolerance and
powers of acclimatization. In this Opifex in not unigque
for wosguitoes occupying siwilar niches elsewhere behave in
n live manner (King and del Bosaria 1935, Wondhill 1936,

seadle 1932, argalef 1949, llorsfall 1949, 0 ower 1060).

Upifex fuscus resembles gedes (Pseudosiuses

gustralis in that the salinity tolerance, and powoers o

A

€)

ciimatization, of first stare larvae arc Tes:z ihan Lhose

»f {ourth stage larvae 0 'Gower showed L{hat foupth instor
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larvae of 4, australis covld tolerate salinities up to a
maxinun of approximately 240%/00 whieh is greater than the
recorded maximum of Q. fuscus, 170°/00. Salinities in
Australian supralittoral pools arc likely to reach hirher
values wore frequently than/lJew Zealand pools,and hence the
toleration of high sallnities would he more eritical for

4. australis than Q. fuseus. The upper salinity threshold
for pupation is below the survival threshold for both
species also, but again the value for A. australis is higher
than Q. fuscus. For A, australils Woodhill (1836) found
that the maximum salinity for pupation was 200%/00.  The
corresponding value for Q. fuseus was 150%/co0.

Dsmoregulation in lMMosquito Larvae

Osmoregulation in mosquito larvae has hecn
investigated in detall by Wigglesworth (1933, 1938), Beadle
(1939, and Ramsay (1950). Wigglesworth demonstrated that
the anal papillae (or "gllldh of fresh water species funetion
for the absorption of water, and there is some evidence that
the meehanism by which they can concentrate shloride frown
very dilute solutions is seated in these gills. Neither of
these functions is required in saline waters;and species such
as Q. fuscus have much reduced anal papillae. The possession
of large gills permeable to water would proveas positive
disadvantage under such conditions. Beadle, studyins the
saline water specles aedes detritus, found that its very

small anal paplllae were impermeable to water and salts. He



Fig. 62.

Transverse section (somewhat oblique)

through ree¢tum of 0, fu 8 showing
transition from anterior epithelium

a, to posterior epithelium, b,
C, tracheal trunks,

d, malpighian tubdes.
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found that salt exchange with the environment took place wvia
the gut, the body surface beilng impermeable to salts and
water. Ligature ¢xperiment suggested that the Halpighian
tubules exereted salt. In sea water o varying salinity

i. detritus regulated both the total osmotic pressure and

the ehloride content of the haemolyph, while in hypotonie
solutions and distilled water much chloride was lost, 't
this was conmpensated by an increase in the non-chloride

fraction. Subsequently Hamsay (1950) found that 4. detritus,

unlike the normally fres- water species, 4. aegyptd, produces
in sea water a fluid in the rectum which becomes hypertonic
to'the haemolymph, and approximatéiy isotonic with the
external mediuwm, before being eliminated. 1In fresh water,
rectal fluid of 4, detritus was hypotonie to the haemolymph.

Ramsay tentatively associated this ability of A. detritus, not

possessed by .. aegypti, to produce a hypertonie fluild in the
rectun, with a reglon in the anterior part of the rectum
lined with an epitheliumdistinetly diffcrent frow that in

the remainder of the rectum.

@smoregulation in Opifex fuscus

Sections of fourth instar 0. fuscus larvae cut at
10+ and stained with Delafields Haematoxylin shoved that

o that of
the roetim of 0. fuseus (Fig. €2) 1ikey 4o detritus

ia divisible into two histologlcally distinet regions. This
indizates that osmoregulatory mechanisms in the two species

may be similar.
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4,6,7hespiration
Wood (1929) examined and figured the larval
tracheal systen in detall. The tracheal trunks in late
stage larvae are very large, thelir breadth being such that
they extend half way round to the ventral surface. Although,
in the majority of wmosquito species larvae regularly come
to the surface to breathg resplratory htehaviour is varied,
It is clear that 2 certain amount of respiration contimies
even when larvae are derrived access to the surface; such
respiration is probably a function »f the general
integument (Bates 194%¢), since Wigrlesworth has shown that
the so.called aunal gilils funetion for the regulation »f osmatio
pressure at least in species in which they are well developed.

The larvae of the North aAmerican species Psorophora discolor,

which has very large anal gills, never come to the surface
for air., Larvae of all species of [lansonia derive their
air from the roots of water plants, which they pierce by
means of the saw apparatus in the siphon.

The respiratory behaviour of fourth instar Opifex
fuscus larvae was exawined. Experiments were desirsned to
deteruine the reaction of larvae to deprivation of access
to the water swwface.

.ethods

The activity of a fourth instar larva was ohserved

by plaeing it in 3 measuring cylinder zontaining 25 ml of
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seawaier without any s2lid food. v
asition of the larve in the oylinder was noted snd the

resulits plotted as an asts-raph,
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o the water-nir interface twenty larvae were lazed

1ndividual tubes eontaining 2% 2lz. of seawater. a cloee

2..»

fittine plag of Tine nylon mesh wag then placed belng

water surface in eaah’ & ute, gonfining the lurvae elow,

negults

ALY
FAA AL

ive activity over a fifty mimte yerind is plotied

in "lz. 83, sach sectlon representing a ten nimuie perind,
dhen the larva was first placed in the evlinder, represented

the first secltion of Fi2.63 1t was wost actlve, rapidly
movineg nur snd down the tube in an explering reacstion. After
about five rmimtes the larva setiled down and during the next
five minutes only twize moved to a 1ittle more than halfwav
up the cylinder, bt 1in the subsaguent ten mimutes it

gontinued to move freely ahiont. For the fo1llowin twenty

o

minutes the larva remained in the hottom few centinetres,
alwost imiobile zpart from the filterine moremenis »f ihs
mouthirashes, Sneceeding this was a period »f imeressed

o

astivity, ot not of Lthe iatensity of the initlal novercnis.

Taring the whole fifty mimites the anal siphon
pierszed the surface only three times, after two mimutes
imersion, eleven nimites and eighteen nimites. The larva

rosained below the surface for the resaining thirly two



- 115 =

ninutes of the experluent.

OJn cnnther sszasing o foarth dnstar lores wms

c

abecrved Tor one hour and twentyv mimates wichiout aaadans Lo

surface, Gonversely, in a quarter nour perisd & si=dl.x

larva surfaced twenby three tlmes.

*ield ohgervatlons eonfirsed that the Troguency

with whieh loxvae surfaced was wost variavley as was the
Line for which they remwined at the surface. aften lavvac
ropminsd for two or three mimutes surfaco.fecdins, as thoy
wreathed, while at obher times the siphon would wicrce the

)

surface for only a sceond or two. Pupae never staved an

the surfacze I'or wmore than a fow sesonds, ercert

ready o enersa,

Of ten Tourth instar larvae deprived of acscess io
the surface, all survived forty eight hours, 'mt elshi were
dead aftey sixty hours, One »7 the survivors diled after
190 hours of submerslon Yt the other lasted under the surlace
for 570 hours. Four firsi instar larvae in the zanse
experiments lasted between &0 Qﬁﬁ 110 hours durdin: ohieh tine

they amulted. Done of six third instar larvae sur

w
ﬂl
<
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3
3
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C e e
Lhuon 49 e te

The larpe voluse o7 the tracheal {runis ~fan e

sorvelatod with the ability of Gpifex fasgus larvee o remain

subnerged Tor lone periods.  Anons mosquitso larvaes, whieh
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aearly 600 hivars, Porsumavly gaseous exchanre tanh nlane

LAY the egument of D, fusguys while subn s outoon

soveral ozcasions, both in the laboratory and the Tleld, the
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to objects elow the surface; so these, too,

vere rrobably nsed as a source »f oxyren.



In reviewing previous work on supralititoral ponls
in the Introduction it was observed that littoral eseloglsts,
in concentrating on describing and acaoounting for the
vertical and horigzontal distribution »T ghore hiota have
given scant a.tention to pools, treating ther as cssentially
anomolous situations brought about by shore physinzraphy.
ilany of the srecialized studies on pools have been confined
mainly to tide pools (sensustrictu). Tnvestigaltions of
supralittoral pools have often been restrictive in tine,
muber and variety of pools studied, and in gexgraphieal

areas embraced.

This study of some supralittoral pools of NHew
Zealand's coasts, the first intensive one of 1ts ¥ind under=-
taken in the sSouthern Memisphére, was designed, firstly, to
provide an insight 1into the more important physiecal
properties o»f the pools., A sufficlent number and variety
of pools, over 500 niles »f coast wag Iineluded within the
survey to enable distinction of loca. variation from geographical
differences. By extending the studles over a year seasonal

oseillations in properties were determined.

Examinations of shore physiography showed that
planationwas proceedins at different levels along the sane

shores. On more exposed coasts, especially lower on the
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shore, rock abrasion and wave quarrying were found to be the
most important agepts of erosion. Where coasts were more
sheltered, and particularly in the supralit:ioral, water=-
layering and solution benching have been the dominant
processes. Wwhile water~layering has been chiefly responsible
for widening supralittoral pools, mechanical abrasion has
played an important part in thekr deepenins. The physiography
of coastlines, and of the pools along thew, has been strongly
influenced by rock type, and investigations b~ Emery and Joly
have shown vhat in suitable rock, solution may be an important
process of pool formation.

The outstanding salinity property of pools was
fluctuation. Adjacent pools differed considerably in salinity.
Each pool exhibited salinity fluctuations whose frequendy and
amplitude were dependent on weather and sea eonditions, as well
as on the pool's situation and dimensions. There was some, but
no absolute correlation between pool level and salinity.
Salinity tended to be high when water level was low,

The most striking salinity property of supralittoral
pools was stratification, whic" was exhibvited by almost all
pools studied, Its extent was most variable. Water of lower
salinity coming to overlie more saline water was estavlished
as the cause of density stratification within supralittoral
pools. Other external and internal disturbances acted towards

the restoravion of homogeneity within pools.
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Supralittoral pools can be usefully classified
under the Venice System for the Classification of larine
Waters according to Salinity, recently recomsended for
unrersal application. Using the Venice System terminology
all pools studied were poikilohaline. Larger pools were
usually mixohaline, smaller pools euhaline or hyperhaline.
ilovever as pool salinity varied, both in time and with
depth, any classification of pools according to salinity
mast be accepted with caution.

Temperature properties of supralittoral pools were
in many ways sinmilar to their salinity properties. Again
fluctuation was the chief characteristie, temperature often
being markedly different in adjacent poolé at one time, Air
temperature fluctuations were reflected more closely in pools
than in the sea, and more cksely in smaller than larger pools.
Density layering controlled temperature stratification in pools,
bottom temperature usually being higher than surface temperature,
although occasionally surface layers were warnmer, Mean
temperatures of pools differed with situation and dimensions as
did salinity.

During the day most supralittoral pools were
supersaturated with oxygen, whether they supported growths
of fllamentous algae or not. As with salinity and
temperature, there were fluctuations in oxygen tension within
pools, contrasts between pools, and variation with depth.

Oxygen tension reached a peak in the early afternoon,



decreasing through the rest of the day awd night to fall to

a winimum at sunrisec.

The recorded range of pH from the pools was 6.9
to 968, with & mean of 845, Some correlation was ahserved
Letween pfl and oxygen tension, high and low valuc o ioth

serurriog togelbihiere.

Supralittoral pools studied were remarkable for
the diversity and variability of their physiecal properties,
In wost pools, if colonization is to be successful, species
must be tolerant of a wide range of conditions. Yot
unexpectedly, the biota o most pools was limited Lo =
few species, although where conditions were more stable and
favourable, ce.g. Pool G32, there was a wealth of species
almost every major phylum in the Animal Kingdom being
represented, The few species well adapted to the supraw

littoral pool environnment were often present in very larre

pambars.

Lnteronmorrha was the most cowmuion genus of filamentous

algae ip supralittoral pools. Tts abundance reached peaks

n antvmn and cpring. The most isportant faetors influencing
the occurrence of algae in rock pools were the permanency »f
pools and their exposure to the influence of the sea, alpae
beinz —mnst abundant, in permanent pools most expnsed to the

gsea action.

ihe fauna of supralitioral pools was found €9 he
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-nbrolled hy the same series of factors as the flora:.
exposure Lo the sea, permznency and dirmensions neing the
moat important. tHost of the other limitin-s properties of
pools sten frou these.  Salinity and tenperature, as
primarily liniting factors, have heen over~emphasize? by
nrevions auvthors, The termperature nropertiec ~f ponls are
alosely related to thelr dimensions, whisah tocether with
aeposure largzely controls salinity. Pepnsity stratifieation
provides a vertical range of salinity, but there was no

evidence of species being restricted to certain levels

within pools. No single factor ecan be considercd as
controlling the blota of supralittoral pools. Hsther, a

varicty of factors interact to produce & unique environ-
nent within each pool. The outstanding feature of pools of

the supralittoral zone 1z diversity.

Although the systeratics and morpiology of Opifex
fuscus had received consideratle attention, 1itcle was known
of its bislogy apart frow i:iii's worll on mating behaviour.
Stuvdies on the physical ecology of supralitbtoral pools, in
Chapter Ywo, provided an insight into properties >0 the
environment of the immature stages of 0. fugcuse. In this
covironnent the mosqulto may be assoclated with a variety
of alrae and animals but few exhibited as wilde a range of
toleranees as 9, fuseus.

Kirk's observations on the peculiar rating hahits
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of 0, fuseus have been confiruved and extended. “he
significance »f this mating behaviour lies in the reduction

of the time netween maturation of the females and thelr
fertilizatinon to an absolute minimum. For an anlmal living
in a btesporary cnviromment the ¢nnservation of time in the
aompletisn of 1ts 1ife eyele is of considerale iuportance.
Hapid and cfficlent fertilization of available ferales is
ensured by thelr precociousness, and hypertroghy of the male
sex instinet, so thut there B minimal wastage »f reproduetive

potential within populations.

the essential eriterion of oviposition sites was
that they should be wunist. Eggs were laild just abnre the
water surface, rock cerevices being poferred, tut if thev were
not availlable a variety of moist surfacces served as suitable
substitutes. On submergence egrs hatehed within twenty hours,
provided they had bheen sultably conditioned, Judson
established that the actual hatehing stimalus for aedine
mosanito oz~s was decrease in oxygen tensinn of the
surrounding water, and fleld observations and laboratory
expoerinents indicated that Q. fuseus errs hatehed in response
to o similar stimalus, The oviposition behaviour and hatehine
nechanisn onsure that Tarvae were only introdueed into pools
whizsh have recently inereased in volume, thus usiviaog larvac a
hetter chaunce of survivins through to maturity withoul poois

drying upe.

DifTerences in larval densitlies, both between pools
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and within eachtgool, over perlods of time were due to
differences in/nu;bers of eprs hatehing, and numbers of
individuals netamorphising. Opifex fuseus popnlations
were at a peak during February, declining to a minimum by
July. Pupae and adults were a''sent from South Island pools
fron June to September. Although the population deusity

in many pools was very high during sum er nonths, severe
reduction resulted, both from the dryinc up of pools, and
flushing by heavy seas, scveral times durlag the year. But
the populations were almost always re-estahlished fron

quiescent eggs linlng the pool margins.

Exanination of gut econbtents revealed that first
instar larvae gained nost of their nourishment from yolk
enclosed within the hindgut. The other three instars
contained an assortment of diatoms, unicellular green algae,
protozoa, filaments of blue green alga, detritus, sand,
and even fragments of 0. fusecus larval cuticle within their
gut. Hactoria and yveast probably form an Important part
of the diet of Q. fuseus, and mosquito larvae are known to
be able to grow on matekials in solution only.

*

One of the most significant findings to emerge from
this study was that Qpifex fusecus larvae may develop pectinate
or sinple typcesof mouthbrushes in each lnstar, depending on
the partlele size and accessibility of available food. In
this 9, fuseus is unique avon~ the Culicldae. It mas been

elesrly established that this halanced polymorphise is
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blologically rather than genetiecally controlled. A balance

is maintained between the two polymorphs, so that the available
food may be exploited © the best advantage of the populatiom.
The presence and efficient functioning of simple filter-feedines
types of mouthbrushes in assoclation with other mouthparts »f

a typical browsing facles, suggests that the full filter-~
feeding facies may not be primitive as Surtees postulated,

but a later adaptation to enviromments in which suspended
particles formed the bulk of the available food. doth

¥

Edwards and “Wood considered 0. fusecus exhivited primitive

features., If their evidence it accepted the mouthparts of
Q. fuscus larvae may be rogarded as resemblinge the ancestral
form, from which the full filter-~feeding facies, and the
complete browsing facles are specialigzation in Jdiverging
directions. On the other hand the apparent azsence of the
elearly advantageous mouthbrish polymorphism from cenera
which are considered Qpifex's closest relatives, and which
occupy similsr niches, adds weight to Dumbleton's suggestion
that Qpifex way not be a reliect gomus, but a strong deviant
of later origin. Before any firm eonclusinn can hie reached
more detailed study of the larval morphologv and hionlogy of
other genera, especlally of the Chathan Islands gedgs

Dumbleton, is required,

The results »f the growth rate studics of the
iuvature stages f Qpifex fuseus closely conforumed to those on

other mosguito species. Provided larvae were adequately fed,
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rates of growth increased with temperature. Light 'md no
effest on growth. As well as being the stage of longest
duration at all temperatures, the fourth instar was most
affected by changes in temperaturc. The lower threshold

for pupatinon was below 1300, put above 5%,

Qpifex fuscus larvae exhibited reaark&hly'wide
salinity tolerances an& powers of acelimatization, belng able
to withstand distilled water as well as salinities up to
170°/00. It was not as toleralant of hieh salinity as its
Australian counterpart Aedes australis which has &e?u reported

from salinities of 240%/co.  Like A. australis, the salinity

tolerance and powers of acclimitization of Q. fuscus first
stage larvae are less than those »f fourth stage larvae, and
for hoth species the upper salinity threshold for pupation

1s below the survival threshold.

fistological evidence indicates that osmoregulatory

those in
rnechanisms in Qpifex fuscus are similar to/Aeles detritus,

salt exchange with the environnment taving place vis the rectum.

Lxperiments showed that the frequency wilth which
the anal siphon »f Q. fuseus larvae penetrated the water
surfuce was nost variable, One larva survived cepri-ation
of acress to the surface for 570 hours. Clearly sone

exc ange toow place throush the larval integument.
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CONCLUSION

Supralittoral pools, where fluctuations in
physical properties, especially salinity, may be rapid
and extensive, form difficult environments for plants and
animals. Each pool is unique, and the pools bring
diversity to a zone otherwise noted for its uniformity.

The animals which have successfully eolonized
supralittoral pools are often present in large nmunmbers, for
their competitors are few.

Qpifex fuscus exhibits many adaptations which
have contributed to its success in a difficult environment.
Several of these adaptations are common in other mosquito
‘species occupying similar niches in other mrts »f the
worlds e.ge. the oviposition behaviour and probable
hatching mechanism, salinity and temperature tolerances;
but in many respects O, fuscus is a peculiar and aberrent
mosquito, not only structurally as Edwards, Miller and
Wood have shown, but also biologicall  with its remarkable
mating habits, first described by Kirk, and the unique

balanced polymorphisﬁ of the larval mouthbrushes.
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APPENDIX

ITHE WINKLEHR METHOD.

This method employs the oxidation of mancanous
hydroxide, by dissolved oxygen to give tetravalent
manganese. Upon acidification in the presence of ilodide
ion, free lodine (or I, ion), 1is formed, equivalent to the

amount of dissolved oxygen.
n*™t o+ 20H7 — Mn(OH)2

2Mn(OH), + O, — 2 MnO( OH),,

+

Mn(0H), + 2H —> Mn " 2H,0

MnO(OH),, + 4H + 31" —> Mn'" I, * 3H,0

The complex iodine-iodide ion (I,;”) thus released is then
titrated against thiosulphate solution using starch as

indicator.

13 r- 23205 — 3] 4 340
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A conmittee of the Association Oceanographie Physigue on
Chenical Mfethods and Units has recommended that the oxygen
content be reported as the amount in milligram—atoms,'
dissolved in an amount of sea water that at 20° has the
volume of 1 litre, or in ml. at N.T.P. dissolved in a
sinilar amount of water. The molecular volume of Oq is
22,393 litres, its atom weight is 16.00. Therefore the

atomic volume of oxygen is 11.1965 litres, and the units can



be interconverted as follows:
11.1965 x milligram atom/litre = ml/litre.

To convert oxygen concentrations to parts per million

ng-a/litre = ml/litre

i

1711965 mg - a/litre/ml/litre = 0.,179144 gu/l

179.144 gm/10001,



