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nrrRODPOTion 

1.1 Supralittoral pools have been largely ignored by 

littoral ecologists in acaounts of the vertical and horizontal 

distribution of the flora and fauna of coasts. Pools have been 

regarded as essentially anomalous situations brought about by 

shore physiography (Doty, 1957). and reference to the© In works 

on intertidal. ecology has been mainly Incidental. 

With the development of flew Zealand intertidal ecology 

the need for detailed studies of specialized communities within 

the littoral became evident. 

One of the most ubiquitous New Zealand supralittoral 

pool species, the mosquito Qpiffx fuseus Hutton had been shown 

to be structurally remarkable by Miller (1922), and although 

Kirk (1925) had described its 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 biota of a little known habitat, 

as well as a description of the environment of 0. fuseus. 

Laboratory experiments on the biology of the mosquito complement­

ed field observations so that a stereoscopic picture of the 

animal within its environment was obtained. 
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1.2 ftfTfrw of Previous Work, 

(a) fi^ffipi^t^grflj. ,.Jj?p,fifl,|» 

Several workers have presented descriptive accounts 

of rook pools, particularly those of Seandanavian shores, ant! 

made attempts at their classification. Levander (19CX)) first 

suggested a classification 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 

Granwell and Moore (1938) who included descriptions of supra-

littoral and littoral pools in their study of lntertidal 

communities of Poor Knights Island. 

An analytical rather than a descriptive approach has 

been adopted by other ecologists. Klugh (1924) prepared a list 

of factors controlling the biota of tide pools. Later 

Gersbacher and Denlson (1930) tested their importance. Haylor 

and Slinn(i958) briefly analysed both the physical properties 

and the biotic constituents of some supralittoral pools on the 

Isle of Man. Several accounts of aspects of the ecology of 

brackish pools, with special reference to their algae, have been 

given (Yendo, 1914| Feldman and Feldraan, 1941$ Kasr and Aleem, 

1949| Ambler and Chapman, 1950| 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. 
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1. Most studies have been short term, pools being 

examined only occasionally. With few exceptions (Ambler and 

Ghapman, Wood) little assessment of change within pools has 

been made. 

2. Attention has been concentrated on tide pools (sensu 

strictu), few detailed investigations of supralittoral pools 

having been made* 

3* 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 Baltic, where 

the brackish sea has been responsible for pool salinities lower 

than those obtaining along open coasts. Assumptions that 

conditions In Baltic pools apply wore widely have led to doubtful 

generalisations, such as that saade by Doty (1957), "the salinities 

of supralittoral pools are too low to permit their consideration 

as being truly marine.** 

0>> 9Wm fWus 
OP If ex ftisous was first described by Hutton (190S), 

who classified it as a Tipulld Idwards (1921) examined Hutton*s 

types and transferred Onifej: fuseus to the Guileine mosquitoes. 

Mwards found difficulty in relating Opifex to the other Culieine 

genera but suggested that it was closer to Aedes than Culex. 

Miller (1922) gave a fuller description of the external 

morphology of all the stages of Qplffex and erected a new Sub 

Family, Oplficinae, for its reception. However Edwards (1924) 
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regarded t h i s s tep by Miller as un jus t l f l ed and the Sub Family 

has not been recognised. 

Kirk (1923) gave a f u l l account of the pecul iar 

sa t ing behaviour of 0. fuscua. 

In an unpublished t h e s i s Wood (1929) gave an 

extensive account of the ex te rna l and i n t e r n a l anatorssy of a l l 

s tages of 0* fasons.as well a s oaklne; tome br ie f notes on I t s 

bionomics. 

In 1939 Graham mapped the d i s t r i b u t i o n of mosquitoes, 

including Qpif»x in the Auckland Province, while Miller and 

fb i l l i pps (undated) gave the range of Q« fuseus as the rooky 

©eastline of the-Horth Is land and the northern par t of the 

South Island* 

More recent ly Knight and Chamber l a i n (1948) figured 

the papa l a d e t a i l in t h e i r rev is ion of the nomenclature of 

the chaetotaxy of the raosoulto pupa, and Both (1948) reviewed 

the functional morphology of Otilfex in r e l a t i o n t o Kirks (1923) 

observations and h i s own experimental work on the sexual 

behaviour of mosquitoes. 

Mattingly ( i n Marks, 1©58) observed tha t some 0 . fusees 

larvae in a c o l l e c t i o n made In 1921 by G*1F# Hudson have 

pect inate hairs in t h e i r mouth-brushes Instead of a l l simple 
as 

ha I r s /descr ibed by Mi l l e r . In a review of previous work on 

Qslfe^ Marks (1958) gave sorae useful suggestions for future 

research as well as publishing sone of her own observat ions . 

Dumbleton (1962) examined 0> fuseus in r e l a t i o n t o a new 
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subgenus of mosquito from the Chatham Islands*. Aedes 

(Nothoskusea) Dumbleton, and the wCaenooephalust* species group 

of Aedes (jPgeiidojkusga) Theobald* 

Sufficient attention had been directed towards the 

anatomy and mating behaviour of 0« fuacus to reveal that 

morphologically and biologically it was a decidedly aberrant 

mosquito, but apart from brief observations by Wood and Marks. 

little was known of its ecology. 



Fig. 1. Southern New Zealand, showing localities at which 
supralittoral pools were studied. Scale: 1:5,000,000. 
1. P limner ton. 2. Island Bay«? 3. Kaikoura. 4. Goose Bay. 
5. Taylor!s Mistake. 6. Lyttelton Harbour. 7 Timaru. 
8 Shag Point. 9 Nugget Point. 10. Bluff. 11. Oraka Point. 
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THE BSQLOGlf OF aDHUJUBTOBAL POOLS 

Sixty supralittoral pools along 500 miles of Hew 

Zealand coastline,from Plinomerton in the north to Foveaux in 

the south,were embraced by this surrey (Fig» 1)« Twenty 

pools were visited at regular intervals between January and 

December 1961, eight at Taylors Mistake (Fig, 2) being examined 

at least one® a fortnight, six: in Lyttelton Harbour at approxi­

mately monthly intervals and four at Goose Bay once a quarter* 

Consequently there was an adequate number of pools on which to 
f 

base comparisons within and between regions* 

Data obtained from the pools, including information 

relat ing to the i r physical properties, flora and fauna and 

Qpfrf SJE fuscus populations was recorded systeioatiaally on 

cyclostyled sheets. 

Part I THp flffffiCAL, BHTOOJilip? 

yntyodt^tlqai 

Only a limited knowledge of the physical ecology of 

supral i t toral pools could be obtained in the time avai lable, 

so detailed investigations were res t r ic ted to those aspects 

that were most l ikely to influence the flora and fauna, 

especially Qpifex fuscus. The properties selected weres 

1• physiography 



L Y T T E L T O N H A R B O U R 

Fig. 2. Map showing location of Giant1s Nose, Taylor!s 
Mistake, where detailed studies of eight supra-
littoral pools were undertaken during 1961 • 
Scale: 1:25,000* 
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2* Salinity. 

3« Temperature. 

4. Oxygen. 

5. Hydrogen ion concentration. 

In subsequent sections each of these factors 
considered in turn. 
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2.2 Kfriiofflpfttfart 

laigod^f^iQgi 

The relevance of the situation, shape and size of 

pools lay not anly in their possible effects on other physical 

properties and the biota of supralitfcoral pools, but also in 

the evidence provided of processes of formation and history 

of the pools, 

Wentworth (1938) distinguished four processes which 

oan be involved in the foraatlon of shore platforms. 

1. Water layer (water level) weathering* 

2. Solution benching. 

3. Ramp abrasion. 

4. Wave 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* 

Methodjt 

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 wade. The 

salinity of water within the pools was determined and the nature 

of the parent rook, its Jointing and fracturing noted* 



#ig. 3. Diagram showing relationships of supralittoral pools at 
the Giant's Mose to the sea and one another. 



- 9 • 

Estimations of the relative wave exposure of pools 

were based on the following soale* 

1. Very exposed* 

2* Exposed. 

3* Semi-exposed* 

4* Sheltered. 

5* Very sheltered* 

Sediment within pools was classified as follows: 

boulders, stones, pebbles, sand, mud and detritus. 

The location of the Giants Nose, Taylors Mistake, 

where detailed investigations were made, is indicated in 

Fig* 2,while the relations of the pools there to the shore 

and eaoh other is sapped in Fig* 3, and illustrated in Fig. 4. 

Views of eaoh individual pool at Taylors Mistake are provided 

by Figs* 5 - 1 2 inclusive. These pools at the Giants Nose lie 

in platforms between 110 em.and 470 ca*above mean high water, 

with extensive mldlittoral pools below. Comparison of the 

volume histograms of supralittoral (Fig. 13) and mldlittoral 

(Fig* 14) pools shows that at the Giants Hose the mldlittoral 

pools were all sruoh larger than those of the supralittoral* 

The largest supralittoral pools encountered, at Goose Bay and 

Kaikoura (Figs. 15 - 19), had volumes more oomparable with 

Giants Hose mldlittoral pools. (Fig* 20). Boulders and stones 

covered the bottoms of these large mldlittoral pools. Stones 

were plentiful in the largest supralittoral pools:25, 31, 32 



vf l* f t \ ••'••'.*-

Pig . k« &̂® Giants Hose* Taylors Mistake, showing tlxe 
platforms containing ' eupra l i t to ra l pools (fore-
ground)* and m i d l i t t o r a l pools ("background), 



Fig. 5 Pool 1, Taylors Mistake. Hote 
the Qpifex fuscus adults upon 
the water surface. 



Fig. 6 Pool 2t Taylors Mistake 



Pig. 7 Pool 3 , Taylors Mistake 



Fig. 8 Pool 3b, Taylors Mistake. 



Fig. 9 Pool 4 , Taylors Mistake* 



Pig, 10 Pool 5 (foreground), Taylors 
Mistake, Pool 4 is in the 
background• 





Fig, 12 Pool 8, Taylors Mistake 
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F ig . 13. Volume histograms of s u p r a l i t t o r a l pools a t the Gian t ' s 

Nose, Tay lo r ' s Mistake. 
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Fig . 14. Volume histograms of m i d l i t t o r a l pools 

a t the Giant ' s Nose, Taylor ' s Mistake. 



Fig. 15a. The west arm of Pool 31, Goose Bayf, 



» .v Si^i- V'-' 

Fig. 15b. The east arm of Pool 31, Goose Bay. 



Fig . 16. Pool 32, Goose Bay. 



fig. 17. Pool 33P Goose Bay. Note the Qpjfex fasous 
adults upon the surface of the pool. 



Fig* 18 . Pool 25, Kaikoura. 



F i g . 19» Two Kaikoura s u p r a l l t t o r a l pools (27 and 28) . 



Volume 10' 
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102 _ 
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31 32 33 25 26 

Pools. 
Pig. 20. Volume histograms of supralittoral 
pools at Goose Bay (31, 32, 33,) and 
Kaikoura (25, 26,). 
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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 taldlitberal zone 

were naturally all more exposed to wave action than those of the 

supralittoral, but within the latter zone the relative exposure 

of the various pools differed. The irregular 

splashing and fluctuations 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 mldlittoral pools 

were seldom dry. 

JSiscusslan: 

Shore planation at the Giants Nose has been pre-

ceeding at two levels? in the mldlittoral, and in the supra­

littoral. The whole area containing pools 2 to 5 Is 

surrounded by a ridge of rock* The shallowness of these pools 

indicates they are being enlarged faster round their margin than 

in depth, wentworth (1938), Bartrum (1938) and Hills (1947) 

attribute these effects to alternate wetting and drying whlĉ h 

is especially characteristic of this area. Water forms 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 

mechanical abrasion. The results have shown that the most 
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exposed poolsf containing quantities of bouldersf stones or 

pebbles^which are potentially abrasive,were largest both in 

depth and volume* Pools whose bottoms were covered with sandf 

mod or detritus have remained shallow* 

The geology of an area was fauns! to be important in 

determining not only where pools occur but also their character* 

Pools were most frequently found where a soft rook cover had 

been eroded away from a hard rock uadermass, e#g* loess over 

basalt-andesite on Banks Peninsula} sandstone over argillite 

at Shag Point• Large pools have been produced in well 

jointed rockf e*g* Island Bayt Kaikoura, but pools formed in 

less fragile rooks 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 md or.thocla.se are three to fourteen times 

more soluable in salt water than fresh, so it is likely that 

solution has played at least some part in pool formation. 

http://or.thocla.se
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itift frMtWn S B MM i mmmmf 

Suprali t toral pools have often been assumed to 

represent the low end of an onshore-offshore sa l in i ty gradient, 

in some ways analogous to estuaries arid lagoons, Eeologlsts 

who have worked along Baltic shores have especially favoured the 

view "that supra l i t tora l pools form a t rans i t ional environment 

between sea and fresh water9 (Levander, 1900; Jarnefelt,1940; 

Lladbwrg, 1944; Johnsen,1946)# Several Worth American workers 

have also shared th is belief, (Pearse,19S2; Shelford,1935; 

Doty. 1957). All have recognized that super-saline 

pools occur but these have not been regarded as typical . 

In th i s section the sa l in i ty of supral i t toral pools along the 

coast of the South Island i s examined and discussed in re la t ion 

to previous work, 

Methodsx 

The ohlorinities of pools at Bluff, Shag Point, 

Akaroa lighthouse, Lyttelton Harbour, Taylors Mistake, Goose 

Bay and Kaikoura were determined. Taylors Mistake pools were 

selected for detailed study, ohlorinity determination of two 

pools being made at fortnightly Intervals, and on occasions 

more frequently, Ohlorinity values of other pools at Taylors 

Mistake, Lyttelton Harbour, Goose Bay and Kaikoura were measured 

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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ohlorinity determination. Standard solutions were made up con­

taining 87,85 grams of silver nitrate per litre. When 

titrated against samples of pool water, tising potassium ehromate 

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 reliability for 

this method perscribed by Welsh and Smith (194§)• Duplicate 

determinations were always made,and it proved important to 

measure the ehlorinity of both surface and bottom water* 

Salinity determinationsfrom supralittoral pools 

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

1. Adjacent pools of similar dimensions at times differed 

considerably in salinity* For example, on January 24th three 

pools at Taylors Mistake within an area of ten square metres 

exhibited the following salinity values*~ 

Pool 2 26.0°/oo 

Pool 5 31.3°/oo 

Pool 4 41,3°/oo 

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

greater parity in salinity! 

Pool 2 4?.5°/oo 

Pool 3 41.7°/00 

Pool 4 41*7°/oo 

2* The above examples illustrate a second characteristic of 
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Fig. 21. Fluctuations in the salinity of pool 3 
from January 27th to April 5th. 
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supralittoral pool salinity - fluctuation. In figs. 21 and 23 

are salinity fluctuations in Pool 3 from January 2?th 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 th© frequency with which deter­

minations were sad© had on the impression obtained of salinity 

fluctuations within each pool. Obviously the more frequently 

the determinations were taade the raore accurately the resulting 

graphs portrayed changes in salinity taking place within the 

pools. Fluctuations in pool salinity could he traced complete­

ly only with continuous recording devices,which were unavailable. 

Proa figs. 21 - 24 it can he 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. 

TABLE I 

Mean Salinities of Pool 3 and Pool 4, 

Taylors Mistake, November 1960 - October 1961 

iml flfflfoff* St.WfrMir^t^ns 

3 28 
4 28 

56.3 °/oo 
4ft.7 °/oo 



Fig. 269 Salinity layering in pool 25, KaikouraT?May 1961. 

The upper line indicates fluctuations in salinity 
at a depth of 60 centimeters. 
The lower line indicates fluctuations in surface 
salinity. 

Salinity of normal sea water. 
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t h i s difference In mmn s a l i n i t i e s was correlated, with 

differences In the dinensions , type of bottom and temperature 

regimes of the pools,and w i l l be discussed a f t e r temperature 

has been considered. 

Changes l a s a l i n i t y were often r a p i d . On February 

24 th Pool 6 t Taylors I-listake, was dry . Bain f e l l oa Pe'brwiry 

28th and by March 1st the pool s a l i n i t y w&3 6° /oo , r i s i n g 

within seven oays to 28°/oo* A week l a t e r the pool was again 

dry* 

3 . One of the most notable p rope r t i e s of s u p r a l i t t o r a l pools 

was s a l i n i t y layering* 

t h e s a l i n i t y of water samples taken a t two d i f fe ren t 

l e v e l s in Pool 25, Kaikoura, over a period of s ix days during 

May, have been compared in Fig* 26a. One s e r i e s of samples 

was taken froia the surface , a second se r i e s fjrom a depth of 

©0 c e n t i l i t r e s * The con t ra s t i n the s a l i n i t y of the two layers 

was Maintained and accentuated through heavy r a i n on Hay 11th 

and 12th* With the r a i n the re was a sharp decrease in surface 

s a l i n i t y from 22.5°/oo on March 9th to Q*®°/oo on March 12th, 

but by Mareh 15th i t had increased t o 2#3°/00* Over the same 

period the decrease in s a l i n i t y a t a depth of 60 era. was only 

ha l f tha t a t the surface, dropping from 31«4°/oo on May 9th to 

21«1°/oo on the 15th. 

* All previously quoted s a l i n i t y values a r e bottom 
s a l i n i t y . 
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Salinity stratification was exhibited by almost all 

pools studied, both large and small* On some occasions, 

usually after recent rain, an interface between upper and 

lower layers of water sould 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 

detested between the salinity of surface and bottom waters, 

When stratification was apparent surface salinity was almost 

always lower than bottom salinity. There were occasions, 

however, when surfas© salinity exceeded that of the bottom by 

amounts not greater than 0.3°/oo, just outside the possible 

limits of experimental error (0,2°/QO), This tsay have been 

due to recent evaporation from surface water at rates faster 

than that at which mixing processes were acting. 

Differences between surface and bottom salinities 

were laaadLal following rain. Extensive algal growth ©ay, as 

Chapman (195?) suggested, promote layering. A sraall pool, 

26, at Kaikoura, supporting a vigorous growth of jtotero»orpba« 

had a surface salinity of 1#Q°/oo and bottom salinity of 6.2°/oo 

on May 13th. But stratification was equally characteristic of 

pools which had littl© or no filamentous algae. On June 29th 

Pools 3 and 4, Taylors Mistake, contained only scattered algal 

filaments yet at that time were strongly stratified? 

y 

Pool 3 Surface s a l i n i t y 28«6°/o© Bottom s a l i n i t y 36#3°/oo 

Pool 4 « * 26*7°/oo « " 39.5°/oo 

Pool 33 , 0*6ose Bay, on October 15th had a th ick raat of 
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- 1? -

Bnteromorpha extending completely across the pool, separating 

upper and lower water layers* Xet there was no difference 

between surface and bottom salinity. 

It has previously been demonstrated that fluctuations 

in the mean salinities of Pool 3 and 4, Taylors Mistake, tended 

to follow similar trends. The relationship between stratifi­

cation was much less precise, as the following table shows, 

TABI4S %1 

Salinity Stratification in Pool 3 and 

Pool 4, Taylors Mistake 

Date 

£ool_3 

0 
3 t ? 
1.0 
8,6 
6.0 
0.3 
0 .3 
0.1 

Mtofor 
WHiTdMHini iimnriin T H I N . m mm muni. iirTimiT 

Pool 4 

1.3 
2 .5 
0 .4 
0 .3 
5 .9 
0 
0.1 
1.7 

20/2 

26/? 

23/8 

19/9 

S/10 

8/10 

18/10 

4/11 

4. Although supralittoral pool salinity varied both in time 

and with depth, the range of fluctuation differed between pools. 

The recorded ranges of salinity of six pools from Taylors 

Mistake, Diamond Harbour, Goose Bay and Kalkoura have been 

graphed In Fig. 28, In Fig, 26b these ranges are broken down 



inity 
oo 
80 

70 

60 

50 

40 

30 

20 

10 

o 

h- I -\ 

-j 

-J 

L -i -J « . 
" i 

-

-H 

H 

B S B B S 
32 

B S 
31 

S B S 
4 3 25 

Pools 
Fig. 26fc» Ranges of surface and bottom salinity recorded from five 

supralittoral pools, 1961. I 
B : Range of bottom salinity. S : Range of surface salinil 

Salinity of normal sea water. 



- 18 -

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 volume* Their salinities were 

higher than those of larger pools. In every one of twenty 

determinations their salinity was above 35°/oo, and the highest 

salinity recorded, 90»9°/oo, was from Pool 14, Diamond Harbour 

on Deoember 18th, 1960. 

Only four of twenty eight determinations from Pool 

4, Taylors Mistake, were lower than 35*0°/oo, compared with 

twelve of thirty from Pool 3. 

On the other hand the much larger pools of Goose 

Bay and Kalkoura were never significantly more saline than 

normal sea water <35°/oo). Although surface salinity of these 

pools fell after rain to almost fresh water, bottom salinity 

was never less than 20°/oo. 

Discussion: 

1» The Causes of Salinity Stratlfioatlon 

A few authors have noted the presence of salinity 

stratification within suprallttoral pools (Gislen,1930i Naylor 

and Slinn, 1958$ Remane and Sehlieper, 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 movement of sea 
the 

water* Emery et al (195?) have drawn attention to/influence 
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whieh th© balance between evaporation, precipitation and 

rainfall has on the types of stratification found within estuaries. 

Supralittoral pools,unlike estuaries, are not continually subjected 

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 2g*6°/oo and bottom 

28#6°/oo. The water volume within the pool had been consider­

ably increased by October 8th from sea splashing, raising the 

total salinity, but breaking up the stratification. Surface 

salinity was 35,0°/oof bottom 35.3°/oo on October 8th• 

Any circulation induced by evaporation or other 

agents within pools could only act towards the restoration of 

homogeneous water conditions. The inability of evaporation 

to promote stratification was demonstrated in an experiment in 

which a bucket containing a 35 grams per litre (35°/©o) solution 

of Had 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 3?*2°/oo« 

After rain contrast between surface and bottom 

salinity was Maximal. On May 9th surface salinity of Pool 25, 

Kaikoura, was 22«5°/oo, bottom 31.4°/oo. Following rain, 

by May 12th the respective values were surface 0»9°/oo, bottom 

25°/oo, an increase of 15.7°/oo in the difference. Density 
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s t r a t i f i ca t ion , i t was concluded, is i n i t i a l l y established in 

supra l i t tora l pools when water of lower sa l in i ty comes to 

overly water of higher sa l in i ty already within pools. Rain 

was the most common cause of s t ra t i f ica t ion although seepage 
also 

of fresh water on to pool surfaces/caused sa l in i ty layering* 

I f the layering processes were not accompanied by disturbance 

of the pool, a sharply defined zone of t rans i t ion was set up 

between waters of different density within the pool, 

2. ywfrfltitaft* TejMlfl<froiEy for .Supralfttoral Foo^s. 

Adopting Hutchinson's (1957) adaptation of 

Findeneggs (1935) terminology for chemically s t ra t i f ied masses 

of standing water, supral i t tora l pools are meromictic. Just 

as a normal (holostictlo) thermally s t ra t i f ied pond or lake con­

s i s t s of an epillmnion and hypollmnlon separated by a 

thermocline, a meromictic pool consists of an upper region, 

the mixollmnlon and a lower region termed by Findentgg, the 

moniraolimnion. The aone of t rans i t ion , where the ra te of 

change of concentration with depth i s maximal,is termed the 

chemooline. 

3 . The Stabi l i ty of Salinity Stra t i f icat ion 

Buttner (1953) presented a table showing how 

specific gravity increases with sa l t contents 
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mJmmsLmml M 

Wkt &m%w& 

° /oo ( g . per l i t r e ) 

0 
1 
2 
5 

10 
35 

I I I 

Spec i f i c Gravity 

( a t 4°C) 

1.00000 
1,00085 
1#00169 
1.00351 
1.00818 
1 *02822 

It follows from these data that the specific gravity increases 

nearly linearly with increasing salt content. A salt content 

of one gram per litre increases th© specific gravity by about 

0.0008, whereas the difference la density attendent oh a 

change in temperature frora 4°G to 5̂ 3 is 0.000008. To com­

pensate this difference in density requires an increase in salt 

concentration of only 10 milligrams per litre. 

Thus, in suprallttoral pools, salinity stratification 

overides any tendency for the development of types of thermal 

stratification often found in bodies 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 Venice Symposium ©n the Classification of 

Brackish liter.Consequently an historical review of the literature 

would be superfluous here, but a discussion of the System for 

the Classification of Marine Waters according to Salinity 
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adopted by the Venice Symposium i s revelant* 

The system adopted by the Symposium and recommended 

for universa l app l ica t ion was as follows* 

TiftLE XV 

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

gone 

Hyperhaline 

Euhaline 

Mlxohaline 

Mixoeuhaline 

(Mix© -) polyhaline 

(Mixo -) aesohaline 

(Mixo -> oligohaline 

Limnetic (freshwater) 

Salinity voo 

i 40 

+ 40 - ± SO 

(Z 40) t 80 - - 0.8 

» 30 but adjacent 
euhaline sea 

«. so *» — 18 

i 18 - - 5 

- 5 - i 0.5 

S 0.5 

(From Reraane asd Schl ieper , 1958) 

I t was s t ressed tha t these f igures a re approximate, 

as indicated by the use of the - sign* In order t o ind ica te 

waters of uns table o^ va r iab le s a l i n i t y ( i r r e s p e c t i v e of mean 

values) the tens ttpoi«cilohalinityH has been proposed and for 

condit ions of s tab le or constant s a l i n i t y "honoiohaUnity*'. 
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Relation of Supralittoral Pools to the Venice System of ?*&g® flftemi0f 

Classification. 

From the data gathered during this study it is clear 

that supralittoral pools, of the South Island coast at least, 

are poikilohallne. 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 described as mixohaline, their poikilohalinity 

ranging from - 0#6°/oo to i 35°/oo# The more sheltered small 

pools, viz, those from Lyttelton Harbour, can be classified as 

nyperhaline, although values between 30 and 40 /oo were not 

uncommon. However, as the Venice Symposium recognized, even 

the best possible system of classification will never give more 

than average salinity conditions in a given water mass. 

More difficulty is experienced in classifying the 

Taylors Mistake pools under the Venice System* nevertheless 

Pool 4 with a mean salanity of 46*7°/oo can be described as 

nyperhaline although occasional determinations as low as ge.7°/oo 

were recorded, With a mean salinity of 3©,3°/OQ Pool 3 could 

be regarded as euhaline. But, as Pool 3 ranged from 22#6°/oo 

to 5S«9*VOQ, this terminology seriously obscures its essential 

poikilohalinity. 

In any attempt to apply a universal classification 

to systems as diverse and variable as brackish and marine waters 
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transitional and anomalous situations are bound to be 

encountered* The merits of the Venioe system ^^e n o t o nx y 
and * 

in the elasticity with which it can be applledt/the distinction 

it provides between conditions of unstable or variable salinity 

and stable salinityf but also more specifically in relation to 

supralittor&l pools,in the useful distinction it provides 

between the larger mi&ehaline and the smaller hyperhallne 

pools» 

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 specialised environment which* with 

respect to salinity at leastt cannot be regarded as transition­

al between sea and fresh water* 
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2*4 temperature 

Records of temperature from supralittoral pools 

have chiefly been spot reading s; although Ambler and Chapman 

(1950) published some limited observations on diurnal changes* 

and O'Gower (1960) investigated both diurnal and seasonal 

temperature oscillations in sose Sydney pools, Variations 

in temperature with depth in some supralittoral pools were 

noted by T#S» Austin (in Doty, 1957) and laylor and Sllnn (1958) 

recognised a relationship between salinity laying and 

temperature. 

In the following pages the results of a year's 

investigation into th© temperature properties of South Island 

suprallttoral pools are presented• Diurnal and nocturnal, 

as well as seasonal fluctuations are considered and relationships 

between temperature and some other environmental factors 

discussed* 

SfcfrhQdSi 

All readings were taken with a mercury bulb 

thermometer graduated in degrees Centigrade. A protective 

cover was f i t ted to the bulb to shield i t from the direct rays 

of the sun* 

Attempts to record diurnal-nocturnal temperature ranges 

within pools with aaxiraum and minimum thermometers were 

thwarted, the thermometers ei ther being interfered with or 

removed* 
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Mistake supralittoral pools over a five hour 
period on February 9th, 1961. 
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1 * Temperature, like salinity, was often markedly 

different In adjacent pools at one time. In Pig. 27 the 

ranges of temperature la Taylors Mistake pools over a five 

hour period on February 9th are plotted. The largest 

recorded range was 1 3 % at 4.45 p.«u on February 8th when 

the air temperature was 22°0 while the smallest was 1.2°0 

on March 29th at 3.00 p.ra* when the air temperature was 

12.1°Q. In general the ranges of pool temperatures were 

greatest when air temperatures were highest. Usually 

temperatures were spread over a wider range earlier in the 

day than later. e.g. on February 9th at 10.45 a.m. the 

range was i2«2°C, at 1.15 p.m. 1t°C and 8*$°C at 3*50 p.m. 

Bifferenees in pool temperatures were due to the 

varied situations and dimensions of pools. Eaoh pool received 

different amounts of insolation and at different periods during 

the day. Shallow pools were quiskly heated to high temperatures, 

sometimes above air temperature* Temperatures In deeper and larger 
they 

pools rose more slowly but/retained their heat longer. Contrasts 

were greatest early in the day, sinoe the differences in the 

amount of radiation reeeived by pools and their surrounding 

rook surfaces,, were 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. Ataost always bottom temperatures were higher 
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Fig. 28. Ranges of temperature within Taylor's Mistake 
supralittoral pools at 1.45 p.m. on February 8th, 
1961. 
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Pig* 29. Ranges of temperature within Taylor's 

Mistake supralittoral pools at 1.45 p.su 
July 26th, 1961• 
Air temperature : 14QC# 
Sea temperature : 8 C, 
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than surface. In Fig, 28 the ranges of temperature within 

Taylors Mistake pools on February 8th at 1,45 p.m. are graphed* 

while Fig, 29 for comparison gives the ranges within these 

same pools on July 26 th at 1*45 p.m. The maximum recorded 

ranges of temperature within several Taylors Mistake pools 

are plotted in Fig. 30. 

Temperature stratification was exhibited by pools 

throughout the year, being equally evident when air temperatures 

were low or high. For some pools contrasts between surface and 

bottom temperatures were greatest when temperatures were 

lowest, as comparison of the following table with Fig. 52 

shows* 

Temperature Stratification in Taylors Mistake 

Supralittoral Pools 10,00 a.m. June 2©th 

Pool 

2 

3 

3a 

3b 

4 

Although all pools exhibited stratification in all 

seasons of the year, they were not stratified at all times. 

The following table records the peroentage of times upon which 

measurements showed pools to be negatively stratified (i.e. 

surface temperature below bottom temperature.) 

Surface 

3 .0 °C 
2*0 
2*2 
2.9 
1*0 °S 

yf^perature 
.8o$lffi» 

43 °b 
6.3 
6 ,0 
6 .0 
5.0 °G 

Difference 

1.3 °G 
3.? 
3,8 
3.1 
4.0 °0 
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Pig. 30a. Pig. 30b. 

Pig. 30. Maximum recorded ranges of temperature, at any one 
time, within supralittoral pools at Taylor*s Mistake, 
1961. 
Pig. 30a. gives maximum ranges of negative stratific­
ation within pools, (i.e. "bottom temperature higher 
than surface temperature)* 
Pig. 30b. gives maximum ranges of positive stratifi­
cation within pools, (i.e. surface temperature higher 
than "bottom temperature). 
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Frequency of negative Temperature S t r a t i f i c a t i o n 
Taylors Mistake 1961 

Pool lumber of Measurements Percentage 
negative 

^a^. l f . loat ign 

2 24 34.3 
3 29 69.0 
3a 29 65*5 
31? 29 4 1 , 5 
4 30 80,0 

On other occasions positive temperature stratification 

(i.e. surfaee temperature higher than bottom temperature) was 

recorded* The corresponding percentages for Taylors Mistake 

pools have been tabulated below. 

TABLE VII 

Frequency of Positive Temperature Stratification 

Taylors Mistake 1961 

Poo|. dumber of Measurements Percentage 
Positive 

Stratification 

2 24 4.2 
3 29 10*3 
3a 29 24.2 
3b 29 38.0 
4 30 0 

The extent of posit ive temperature s trat i f i ca t ion was 

never greater than 2 . 2 ° / 0 , „ , „ i e s s t h 8 n t h e m x i m recorded 
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negative str&tifioatlon* 

Qmw3.uffff T§sByfa^ur^ ^ t^ t i f io i t j ,^„ fo fopreWtWl Pfral,st 

Negative temperature stratification is a consequence 

of density layering within pools* Heat from radiation incident 

on pool bottoms is trapped in lower waterst density stratlfieat** 

ion preventing it being distributed evenly throughout the pool 

by circulation* fhe amount of radiation absorbed by the rook 

bottoms and margins of pools is much greater limn that absorbed 

by water* Most of this heat stored in the rook is redistri­

buted to water in contact with itt 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 temperature stratification* In 

a salinity stratified pool a very large drop in surface temperat­

ure would be necessary before the water at the top could sink into 

the lower layers* Consequently any fall In temperature is 

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 layeredf 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 Yl\ and was caused by heating 

of surface water through contact with warm air* A large rise 
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Fig* 31. Fluctuations in temperature in pools 31 and 32, Goose 
Bay, "between mid-day Octo'ber ll+th and mid-day Octo'ber 
15th, 1961, 
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la surface temperature would be necessary to convert strongly 

negatively stratified pools to positive §tratlfioatlon«but 

a much smaller rise would be sufficient in pools in which 

the tendency for negative sfcratifioatlon was weak* Pool 3b 

in which positive stratification was most common* had a 

light coloured sandy bottom*, unlike Pool 4f which never 

developed positive stratification* The bottom of Pool 4 

was bare rock*' Much more heat would be reflected from the 

bottom of Pool 3b than Pool 4 so that negative stratification 

was more common in the latter poolf and positive stratifica­

tion in the former• 

S« Murnai-nooturnai 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* Recordings of 

sea and air temperatures were also made at the same intervals* 

The results of these measurements are plotted in Fig* 31* 

Pool 33 is not included in the graph as the recordings from 

it were similar to those from Pool 32* 

These three Goose Bay pools all had large volumes 

(see Pig* 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 minimum surface temperature for Pool 31 being 
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1#8°0 and for Pool 32 2*8°0* Sea surface temperature 

changed by t*2°C over the same period, while air temperature 

fluctuated over a range of 1O#20O* Pool temperatures fell 

slowly from a mid-day majciisum 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 

fool 32f but a slower one in Pool 31 * Surface and bottom 

temperatures of Pool 32 were oonslstantly wanaer than those 

of Pool 31* Differences in the temperature properties of 

the two pools can be ascribed to their situations* Pool 32 

was exposed to the von** direst rays for almost all the day­

light hoars, whereas Pool 31 was shaded for several hours at 

different periods during the day* Consequently more heat 

was received by Pool 32 f and its volume was large enough to 

isaintain higher temperatures during the hours of darkness* 

4* Bepilar 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 surfaoe 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* 

September* 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 



Temperature 

'C. 
30 

20 L 

10 U 

J. P. 

Fig. 33. Mean monthly mid-afternoon temperatures in pool 4, 
Taylor's Mistake, 1961. 

Bottom temperature. 

Surface temperature. 
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months* In February the mean afternoon pool temperatures 

were higher than mean sea temperature* but in March mean pool 

temperatures dropped below sea temperature till in Sum mean 

pool temperatures were three to five degrees below sea 

temperature* 

As with salinityf the outstanding characteristic 

of supralittoraX pool temperatures was varlabilityf both with 

time and depth. Whereas surface salinity was almost always 

lower than bottom salinity* surface temperature could 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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Dissolved oxygen has long been recognized as 

important in the biology of lalces and oceans. Surprisingly 

few workers have included oxygen tension determination in 

investigations of rook pool ©oology. Ambler and Ohapiaan 

(1950) and Haylor and Slinn (1358) made occasional 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, Haylor 

and Slinn observed that surface oxygen tension may be similar, 

higher or lower than that at the bottom of pools and suggested 

these differences were related to density layering. 

Methodst 

fhe Winkler method (see Appendix) was employed 

throughout in estimating the dissolved oxygen tension of pools. 

Samples were taken in 250 mlllilitre bottles. By using 100 ml 

aliquots from these samples duplicate determinations were 

made, All titrations were completed as soon as practicable 

after sampling. 

Determinations were aade from Pools 3 and 4 at 

Taylors Mistake and Pools 31, 32 and 33 at Goose Bay. Diurnal 

nocturnal fluctuations were examined in these three Goose Bay 

pools, 
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TABUS IX 

Qaggeci t e n s l o g i n ^upra l i t t o r a l jpools, t .Goose Bay 

A G31 

M*& 1 1 M 1%M® m^sm 

15 /5 
2 / 8 S u r f a c e 

Bot tom 

r 
0 .0182 
0 .836 
0 . 1 9 2 

S a l i n i t y % S a t u 
r a t t a n 

1 4 / 1 0 

1 5 / 1 0 

LOO m 
3 . 5 0 " 
7 . 1 5 
10 .15 
1 2 . 4 5 
5 . 1 5 
8 . 3 0 
1 1 . 0 0 

u 
n 

it 

»t 

H 

0 . 8 3 0 
0 . 7 4 0 
0 . 6 2 5 
0 . 5 9 3 
0 . 4 4 0 
0 . 3 4 5 
0 . 3 8 3 
0 .431 

27 #2 1 3 . 7 
1 4 . 4 
1 4 . 0 
1 4 . 0 
1 3 . 0 
1 3 . 2 
1 3 . 2 
1 3 . 7 

185 
165 
139 
155 

96 
75 
83 
96 

G32 

1 5 / 5 
2 / 8 
1 4 / 1 0 

1 5 / 1 0 

1 .30 pm 
4 . 3 0 " 
7 . 3 5 » 
1 0 . 5 5 » 
2 . 1 0 am 
5 . 3 0 » 
8 . 5 0 " 
1 0 . 1 0 rt 

0 . 5 2 3 
0 . 6 2 2 
0 .754 
0 . 6 1 9 
0 . 7 2 8 
0 .664 
0 . 5 7 5 
0 . 5 2 7 
0 . 5 4 9 
0 .626 

<3D • v) 

3 5 . 5 

1 6 . 5 
16 .1 
1 6 . 0 
1 5 . 4 
1 5 . 2 
1 4 , 5 
1 5 . 0 
16 .5 

198 
162 
192 
168 
146 
134 
139 
134 

G33 

15 /5 

1 4 / 1 0 

15 /1 0 

1 .50 pm 
4 . 4 5 «» 
7 . 5 0 " 
1 1 . 1 0 " 
2 . 3 0 am 
5 .45 
9 . 0 0 
1 0 . 1 0 

0 . 5 1 6 

1 .245 
0 . 6 1 3 
0 . 04 2 
0 . 7 2 9 
0 .574 
0 . 2 7 0 
0 .931 
0 . 9 8 5 

3 5 , 8 16 .1 
16 .1 
1 5 , 2 
1 4 , 8 
1 4 . 3 
1 3 . 7 
1 3 . 5 
1 6 . 5 

327 
161 
214 
185 
147 

69 
238 
268 
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Oxygen values froia Taylors Mistake pools have been 

recorded in Table VIII and those from Goose Bay pools in 

Table ¥IIIX. 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. f 

where G » oxygen content, n » volume of thiosulphate of 

normality F 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 

day when samples were taken, the variations in values being 

due to fluetuation in photo-syntheslsing populations, pre­

vailing weather conditions, and pool volumes. When strong 

seas were running, with pools frequently being splashed with 

drops of supersaturated spray, oxygen tension was at its 

highest? e.g. on August 22nd the percentage saturation of 

Pool 4 was 254£. On that day the sea was splashing vigorous­

ly into Pool 4, but no drops reached Pool 3 in which th© per­

centage saturation was only 12^1, 

2* Oxygen tension also varied with depth, for example 



Oxygen tension 

(mg.-atoms per litre) 

1300 1600 20000 2400 

Time - hours.* 

0400 0800 

Eig* 3.4* Fluctuations in the oxygen content of the surface layers 

of three Goose Bay supralittoral pools, between 1 p.m. 
on Pctober 14th and ll.a.m* October 15th, 1961* 

• pool 33, 
pool 31. 

pool 32. 



measurements showed surface oxygen tension to he 0.836 

milligram atoms per litre in Pool 31, Goose Bay on August 

8th, while at the pool bottom tension was only 0.192 rag. 

atom per litre. At that time Pool 31 exhibited strong 

salinity stratification, surface salinity being 4.4°/oo lower 

than bottom. Clearly density layering prevented even 

distribution of dissolved oxygen throughout the pool. 

3. On October 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, 

All three pools showed peaks in oxygen tension in 

the middle of the day and minima at sunrise. Oxygen tension 

within Pool 33 rose sraeh higher than in the other pools and 

fell at a greater rate to a lower miniwum. Pool 33 support­

ed a vigorous growth of Enteromorpha which covered tsueh 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. 

Coj2Giu£lons; 

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 



m 3 § «• 

supported. Salinity s t ra t i f ica t ion influenced: oxygen tension 

at different levels within pools and diurnal-nosturnal 

osoil lat ions were sharpest in pools bearing extensive growths 

of algae. Pools were commonly supersaturated with oxygen 

during daylight hours. 

2*6 hydrogen. Xon CQBffi'Ertntaflg 

Hydrogen ion concentration of water masses has 

received considerable a t tent ion, not only because i t i s easily 

measured, but also as Allee et a l (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 d is t r ibut ion. This expectation 

has not in general been realised (Allee et al ,1949). Eeed 

and Klugh (1924) suggested that pH was important in the 

control of the dis t r ibut ion of animals and plants in pools, 

but the res t r ic ted scope of their investigations has thrown 

doubt upon their conclusions* 

Me^ods.i 

Determinations of hydrogen concentration in South 

Island suprallttoral pools were carried out with a Beokman 

pH meter. 

The range of pH readings from pools at Taylors 



3a 3b 4 4a 6 
Taylor's Mistake 

Pools* 

12 14 
Diamond 
Harbour 

31 33 
Goose 
Bay 

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. 35* 

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 concentrations from 8.1 

to 8*8 were recorded. 

Diamond Harbour pools tended to have lower hydrogen 

ion concentrations than those at Taylors Mistake. 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 p%r litre. The highest pH value, 9.8, 

came from pool 33 on October 14th when the highest record of 

oxygen tension was also made from this pool, Allee et al 
that 

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

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

Conofr^lom 

Mater 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 sorrelated with 

oxygen tension, high and low values of both occurring 

together* 



m 39 -

CHAPTER 3 

THE BIOTA OF StJPRALITTOBAL FOOLS 

3,1 Iflfroftfflifrlqn 

Approaches to the study of the flora and fauna of 

suprallttoral pools have been varied, Levander (1900) and 

Johnsen (1946) included suprallttoral pools in surveys which 

extended inland to embrace fresh water ponds and pools, while 

Gislen (1930), Shelford (1935) and Granwell and Moore (1938) 

have described th© biota of suprallttoral pools In their 

examinations of littoral communities, Pearee (1933) re­

garded the fauna of suprallttoral pools and similar bodies 

of brackish water to be in some ways transitional between 

that of marine and fresh waters. Imery (1946) examined th© 

biota of some shore pools in relation to their geological pro­

cesses of formation, Suprallttoral pools were included by 

Ambler and Chapman (1950) in studies on the ecology of shore 

pools. Some observations on the ecology of suprallttoral 

pools organisms were made by Haylor and Slinn (1956). 

Several workers have investigated the ecology of 

algae ocourring in suprallttoral pools and similar masses of 

saline water, (Xendo, 1914| Setohell, 1926\ Johnson and 

Skutch, 1928$ Feldman and Feldman, 1941 j Nasr and Aleera, 1949j 

Wood, 1952? Chapman, 1957,) Others have examined the ecology 

of particular groups of animals found in suprallttoral poolsJ 
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Droop (1953) f lage l la tes , Faure-Fremiet (1948) d i l a t e s , 

Fraser (1936) copepods, Lindeberg (1944) Insects . 

There Is a large l i t e r a tu re on mosquito ©oology, 

but only a few papers on the bioaomiea of mosquitoes breeding 

in sal t water pools, notably by King and Del Rosinio (1935), 

Margaleft (1949), Laird (1956) and O'Gower (1961). 

F i r s t ly the ecology of algae found l a South Island 

supral i t toral pools will be discussed, then the fauna of 

these pools and f inally the biology of Qplf«r fuscus. 

3*£ lh®Mm%M mw$M%*®ml, Fife* 

In the available time it was clearly impossible to 

analyse thoroughly the trends exhibited by all the biotic 

elements 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 envlronMent was imperative* 

Filamentous algae were olaosen for detailed ecologi­

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* filamentous algae have been used extensive-* 

ly by littoral eoologists in the erection of systems of 
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sonatiorw It was thus logical to enquire into the ecological 

factors controlling algae in pools. 

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 taade at quarterly Intervals, The algae 

present in the pools were identified at generic level. In 

view of the uncertain state of the systeiaatics of some groups 

of Chlorophyoeae, especially the Ulvaeeae, there could be 

little Justification for specific identification. Moreover 

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 Interomorsha in 

pools was recorded on the following arbitrary scale -

0 Hone present. 

1 Present. 

2 Common 

3 Abundant 

4 Very abundant 

fhe relative exposure of pools to splashing and 

washing by the sea was classified as follows! 
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1. 

2. 

3. 

4. 

Very sheltered. 

Sheltered 

Semi - exposed 

Exposed 

Class 1 pools were splashed only when the heaviest seas were 

running, while slaes 4 pools were splashed by all but the 

calmest seas. 

Estimates of pool volumes were raade fro© measure­

ments of their diameter and depth to give the following volume 

index s 

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 r a t i o of estiiaated surfaoe area of 

pools to their depth was also erected, tinder the following 

scales 

isi 
1 

2 

3 

less than 

frota 

from 

Surface Area i Depth 

500 em 

500 to 1000 OB 

1000 to 2000 cm 

4 greater than 2000 cm 
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Fig* 36* Fluetuationsii& the abundance of Enteromorpha i& Taylor's 
Mistake supralittor&l pools, 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 (195S) 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 stir face 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 he expected to exist• 

Heat change « Surface area 

Depth x Surface area 

_JL 
Depth 

A pool5 which was found dry for more than one period 

between Hovenber 1960 and Wovenber 1961, was regarded as 

temporary (T)5 while other pools were classif ied as perisanent* 

Fluctuations in the abundance of Bn^eromorpha in 

Taylors Mistake pools have been recorded in Fig* 36* In 

these pools Bnteremorffiffi was most abundant in the autumn 

months of March* April and Kay* and again in August* September 

and October# I t did not occur a t a l l in Pools 2 and 6* while 

i t was only present in one pool throughout the year* 3a* 
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Filamentous Algae and Ecological Factors in Sonth Island Stxpra l i t t o r a l Pools 
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Factor9 Affeating the Momrmm and Abundance of Algae In 
Susral l t tora l Pools; 

Table X summarizes the ecological factors considered 

most relevant to the occurrence and abundance of algae in 

pools studied, as well as l i s t ing the algalgenera found in 

those pools. The information has been presented under the 

scales previously enumerated, and the Venice System has been 

used to classify the pools according to sa l in i ty as accurate­

ly as possible, remembering that a l l pools were poifellohaline. 

Of the three temporary pools no filamentous algae 

were present a t any time In two, and Interoiaorpha was found in 

the third only during two months. By contrast filamentous 

algae were to ta l ly absent from only two permanent pools. 

2. mmmtn 
Only a single pool with an exposure value of 1 

(least exposed) supported filamentous algae» The growth of 

Enteroaorpha in this particular pool, 31, was stunted. On 

the other hand the pool with greatest variety of algae had an 

exposure index of 4, while the two pools which contained 

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

Volumes 

Algae were recorded from pools over all volume 

ranges, and were also absent from pools whose volume 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 14f/Were only once recorded 

from Pool 8f and twice from Pool 5, 

there was no direst correlation between surface-

depth ratio, alone, and the occurrence and abundance of algae 

in suprallttoral pools. 

No relationship was found between the salinity and 

the occurrence of Enteromorpha in pools. Ihere was insufficient 

evidence to indicate whether other genera were limited by 

salinity. 

Combination of Factorss 

Pool 32 with high indices in every category? 

exposure 4f 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 pernanent 

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 algae appeared only in the most exposed of the 

three , Pool 5. 

The occurrence and abundance of filamentous algae 

in supralittoral pools is controlled in a complex way by a 



number of ecological f a c t o r s , which a re interwoven to produce 

a unique environment in each pool* Of these factors* 

permanency of pools and t h e i r exposure t o the influence of 

the sea a r e the most important• In the smallest pools 

volume i s a l imi t ing factor* 

BnteromorBha was found t o t o l e r a t e a wide range of 

ecological condit ions* but i t s greater prevalence in autumn 

and spring i n d i c a t e tha t in summer and winter i t s d i s t r i b u t i o n 

and abundance were l imited by temperature. 

3*3 ,T*m g^TO *# ^ i p ^ l i t t o r a l Ppo^n 

The most extensive descr ip t ions of fauna of supra-

l i t t o r a l pools have come from Scandanavlan eco log is t s (Levander, 

1900} Qislen* 1930$ Johnsen 1946#) Less de ta i led accounts 

have hmn presented by Shelford (1935) f United S t a t e s ; Naylor 

and Slinn (1958), United Kingdomj and Craznrell and Moore (1938) 

and Ambler and Ohapisian (1050), Mew Zealand*/ 

The ecology of s u p r a l i t t o r a l pool f l a g e l l a t e s in 

some northern European pools was thoroughly examined by Droop 

(1953) f and Faure - Fremiet (1948) invest igated d i l a t e s in 

some pools on the coast of France* 

In t h i s sect ion the fauna of s u p r a l i t t o r a l pools 

along the South Island*s east coast i s examined and discussed 

in r e l a t i o n to the pools1 ecology. 



TABLE XI 

DISTRIBDTIOH OF ANIMALS IH STJPEALITTORAL POOLS OF KAIKOUBA, GOOSE BAY, TAYLORS MISTAKE AM) DIAMOND HARBOOE 

Kaikoura Goose Bay Taylors Mistake Diamond Harbour 

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

Parozoa 
(unidentified) 
Actinozoa 

Actinia tenebrosa Farquhar 
Anthopieura Push and Mich 
Eplacius'^HoBtpsoni 
(Coughtrey) 

Nemertea 
Lineup Sowerby 

Nematoda 
Tubificidae 
Polychaeta 

Galeolaria hysterix 
Moreh 

Sabella Savigny 
Sipunculoidea 
Phascolosoma annulatuB* 

Button 

X X 
X X 

X 

X 
X 
X 

X 
X X 
X X 

X 

X 

X 

X X X X X X X 

Amphineura 
la fh^chjton maonanus X 

Ireoaie 
Gastropoda 

Scutus breyiculus X 
fBlainville) 

c$i-|frft§ »dlftaa r ^ w 
Melarftapft3 cineta X X X X X X X 

TQuoy and Gaimard) 
Melarhaphe o l iver i X X X X X 

Finlay 

X 



Pool 25 26 

Ze^cumantus subcarinatus 
" (Sowerby) 

S t i v e r f e ^ , i p s 

Pleurobrliaehaea novaezelandiae 
novaezelandiae Cheesraan 

10. Lamellibra nchia 
Pefm ftflH»Ufttfo» (Gmelin) 
Mvtilus edu l i s aoteanus 

Powel 
Aulacomyfi faoria^n^ 

( I reda le ) 
1 1 . Ostracoda 

(Unidentified) 
12. Copepoda 

f ig r iopus fulvus (Fischer) X X 
Amphiascus Sars X X 

15. Asphipoda 
Hya^e ^andicQyn |s Kryer X 
Paraeorophium excavating X 

Thomson 
14. Decapoda 

Pa^eaon frmnlf X X 
Milne-Edwards 

Hemierapsus edwardsii X X 
Hllgendorf 

Heterorozius rotundifrons 
Milne-ldwards 

Cancer novae-zealandiae 
Jacquinot ana Lucas 

15. Hemiptera: Heteroptera 
Anisops a s s i m i l i s 

Buchanan-White 
16• Diptera:Ephydridae 

JPfrydreUa novae-sealandfoe X X 
Tonnoir and Malloeh 

TABUS XI (continued) 

Goose Bay Taylors Mistake Diamond Harbour 

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

X X 

X X 

X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X X X X X X X X X X X X 
X X X 

X 

X X 

X X X X X X X 

X 

X 

X 

X X X X X X X X X X X X 



K^ikoura 

Pool 25 26 

Dipteras Culieidae 
Qpjfex fuscus X X 

Hutton 
Opiiiuroidea 

Peetimtra maeulata 
Y e r r i l l 

Ascidacea 
Corella eyaiyota I rans ted X 

Teleos te i 
Tr iuteryglon yariutn (Pors te r ) 

TABLE XI (continued) 

Goose Bay Taylors Mistake Diamond Harbour 

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

X X X X X X X X X X X X X 

X 

X 

X 
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Resuits i 

The d i s t r i b u t i o n of animals in pools a t I a y | | r s 

Mistake, Mab^ib Harbour and Goose Bay and Kaikourr^-.bas been 

tabulated in Table XI. 

Prom t h i s t ab le i t can be seen f i r s t l y f that there 

were sharp con t ras t s between pools in uhe var ie ty of" ^<ii >al$ 

they supported* Thir ty two spec ies , ronrcsM^i'H' al»:os; 

every major pbylim in the animal fcin^uo^ wore ? > ir" 1'i Pool 

32$ Goose :Jay, while only three species , a l l arthropods 

were recorded from Pool 1?, Diamond Harbour* 

Secondly, ce r t a in groups of animals and species 

were present in almost a l l pools , e#ru Nematodes, iunphipoc! s , 

Tigrlopgus ,fulyng« (Copepoda) and the Dipteratis Ephydrella 

MTlM^M^lMMM^ and O j d J ^ ^ ^ 

Thirdly a mitnber of species were found only in pools 

in which'water condit ions most closely resembled those of the 

sea, i«e* in pools such as P^oi 52, with large volumes and 

well exposed to the sea* Anion-?: these animals were spotires; 

anemones (MMMMJ^Mmi^M^ MMlSli§Em sPs I E I ^ £ M 

thompsoni); polychaetes (Galeolaria hys t^ r ix , .Sabella «p); the 
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and M i M l ^ ^ l £ l i l 2 i § l l £ £ ! i £ M § ^ ^ (Oph iu ro idea ) ; 

O.or.olla epp;^o,^a (Aseiciacea) § mid t h e cockabul ly .Tripfcery-

V"'o ^ o e i e s >f Qap^Xl^Gcs appeared wi th re?viar'-a'ble 

re£ul?<rity i ,-' l a c o n s i d e r a b l e q u a n t i t i e s i n supra l i t cora l 

fonlr;* :':IG-' .-lore Qjgo*i» h j$qM.̂ a f 1-ur•;, Du.iard.in, ( D i R o f l a / e l l a t a f 

P r x i >c J: l ine 1/uo) uu^ a s p e c i e s of ^ r a n ^ d i r i m s D obi i n 

(Phyto ,onadirii f Ohla.iydor'i'madldae)» Goth t h e s e s p e c i e s 

occur rex*, i n poo l s a t Lyt olko^ ;Tar;:our f Tay lo r s Mistake, 

Goose ;;a-r aii:1 Kaikotira* Species of ISuKlena* Ehrenberg were 

found i n Pools 31 ^ 32 ((loose Bay) and 25 (Kailroura) but not 

i n Taylors HistaVo or Diamond Harbour pools*. On occas ions 

Pool 149 Diamond Harbour f was coloured dark green with myriads 

of a s p e c i e s of PZHSM2^M§ Schraarda (Phytomotiadina, 

C a r t e r i i d a e ) . After t h e pool water had been d i s tu rbed by 

rough, seas t h e i r numbers were reduced t o a few I n d i v i d u a l s 

w i t h i n a sample. Pyrarqimonas a l s o appeared in Pool 5 (Tay lors 

Mistake) lit h i^h d e n s i t y dur l ' i s Aivusfc 1951 f but was mayor 

fouacl ill numbers l:i any o ther pools* 

d i l a t e s were p resen t i n a l l pools but were never 

a s numerous a s f l & g i l l a t e s * Species of t h e Holotr lor is 

ikl.LEMlS£feliSt Ehrenberg i ^ a r a ^ ^ i i i ^ H i l l , and ^omlCTia Zabl 

occurred i n pools of Banks Peninsula ^wl the Kaikoura "Joast. 
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Stylonvchia Ehrenberg ( S p i r a t r i c h i a , Hypotriehia) were 

common amongst filamentous algae although they a l s o thrived 

in Pool 25, which supported no filamentous a l g a e . 

Anemones were found in only two s u p r a l i t t o r a l pools , 

Pool 32 and Pool 34 a t Goos© Bay* In each pool t he r e were 

no more than a dozen ind iv idua l s , a l l of which were confined 

to the most shaded corners of the pools . 

3 • A, tinel,ida f fferaertea and ^eraafroda s 

fub i f i c id ol igochaetes were found in the l a rge s t 

pools) the exposed Pool 32 and the more shel tered Pool 3 1 , 

26 and 25, but not in any of the smaller pools . Two species 

were recognized from Pool 25, one of these species being tha t 

found in the other pools . Alsterberg*s (1922) desc r ip t ion 

of the r e sp i r a to ry behaviour of Subif le ids was confirmed for 

these spec ies . On several occasions l a rge numbers of worms 

were seen o s c i l l a t i n g t h e i r t a i l s in frequent and rapid 

rhythmical movements. However when oxygen tens ion was very 

high or low these movements ceased. 

The only polychaetes found in s u p r a l i t t o r a l pools 

were sca t tered individuals of Galeolar la hvs te r ly and Sabella 

JJJ in Pools 32 and S4 (Goose Bay). Amongst the filamentous 

green algae In Pool 32 the aemertean Lineus sip was common but 

i t was not seen in any other pools . 

Nematodes were among the commonest aminals in supra-
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littoral pools* Apart from the work of Wieser (1959) on 

nematodes of Paget Sound* littoral nematodes have received 

little attention and no systematic studies of New Zealand 

shore nematodes have yet been undertaken* The nematodes 

found in pools studied belonged to the Orders Chromodoridea 

and Ineploidea* but specific Identification was not possible* 

Nematodes were found both in the bottom ooge of pools where 

o&ygen content was low and amongst filamentous algaef 

regions of high oxygen tension. Different species of nematodes 

were associated with each species of alga^and several species 

were characteristically found in bottom oose and detritus* 

4 * Mollq$<ffii 

gouttts brevioulug and PleiyobranQhaea novae** 

frelaiffij^gf were numerous in Pool 38f the only pool In which 

they were found* The small nudibranch Stiliger felines was 

at times abundant upon the green filamentous algae of Pools 32, 

33 and 34* Only a few Individuals of 3* faligns were seen in 

these Goose Bay pools in March*, but they were present in 

numbers in May and most abundant in August f but by October 

their numbers had again dropped* 

The only species not in Pool 32 which was found in 

but a single supralittoral pool was a solitary specimen of 

Calianaradians from Pool 89 Taylors Mistake* Although Pool 

8 was among the smallest of supralitcoral pools* it was 

splashed more than any other pool studied* 



The l&rriielXlbranchs F^?na canal iculus and Mytil^s 

edu l l s aot;eanu$ were a l so present in Pool B8* but i t was 

more surpris ing t o find them in the s imilar suprmli t toral 

pools of Taylors Mistake as well* foxlaootiva maoriangu 

I reda le P* canal icu lus and JU edul l s aoteanus f i r s t appeared 

in Pools 3 and 4 a t Taylors Mistake in the t h i rd week of July 

a f t e r very heavy seas had bean running* Individuals of a l l 

th ree species had been dislodged from lower down the shore and 

hurled in to these s u p r a l i t t o r a l pools by wave action* Onoe 

within the pools these mussels quickly s e t t l e d down upon 

t h e i r new substra te* P« canal iculus and M* edul |§ aoteanpf 

i n Pool 38 were two or th ree years old f but none of the 

mussels washed in t o Taylors Mistake pools were more than two 

years old (I*H# McDonaldt personal communication)* Six 

individuals of 4* maoriaria* four of M# edul l s aoteanus and 

th ree of P« eana^oulusL^ became es tabl ished In Pool 4 f while 

the corresponding numbers in Pool 3 were f i v e , nine and two 

respect ively* All three species survived in these pools for 

almost three months but by the second- week of October a l l 

the A* naaoriana were dead* A week l a t e r the l a s t P* cana­

l i cu lu s died* Mvtilus edul i s aoteanus survived a further 

week* Records of the s a l i n i t y of these pools during the 

th ree months a re l i s t e d below* 
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TABLE X?„I 

£ o o O 

Surface 

°/oo 
34.0 
36.4 
24.5 

22.6 
35.0 

• °/oo 

Bottom 

33,9 °/oo 

37.7 

37...3 

33,1 

28.6 

35.3 

55.9 °/oo 

-

38.3 

35 #2 

36.8 

42.5 

50.7 

74.1 

3o#P 

°/oo 

°/o© 

33.6 °/oo 

40.8 

33.6 

36.9 

48.4 

50.7 

74,0 

42.0 °/oo 

Pool 4 

£a£§ JasSiag JRWtal,,, MiMm, Bottom 
23/7 
26/7 
23/8 
19/0 
5/10 
8/10 

18/10 
28/10 

During most of the period in which these species of 

raussel survived in the Taylors Mistake pools the water was 

©uhaline. Hone of the species was a^le t o survive the 

des icca t ion of Pool 3 or the hyperhal in i ty of Fool 4 during 

October. 

Ife^ifp.phe o^ivqri and Melaafephe cincta« 

Both these species of l i t t o r i n i d s were frequently 

found in and. around s u p r a l i t t o r a l pools . Inves t iga t ions 

were carr ied out on the Melaibphe population of two Diamond 

Harbour Pools , Pool 13 .md Pool 15, The 

numbers of ft. o l i v e r l and H. eincba found in each vool a re 

tabulated below, together with t h e i r numbers in an area of on© 

square metre around each pool* 
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TABLE XIII 

Humbles of Helaikphe in and around Supralittoral 
Pools at Diamond Harbour - September, 1961 

MxMtxnU fa, film fa 
Pool 13 5 18 
Around Pool 13 17 10 
Pool 15 49 0 
Around Pool 15 0 0 

From t h i s Table I t can be seen tha t within Pool 15, which 

although not a t r u l y permanent pool usual ly contained water, 

there were three times as many M» einota as M« Oliveri« 

But in Pool 15, which had water in i t only a f t e r heavy r a i n 

or strong seas , only M. o l i v e r i wa8 present . There were no 

l i t t o r n i d s in the square raetr© around Pool 15• The proport ion 
o f M» Oliver 3. on the root surface surrounding Pool 13 was 

very iraich grea ter compared with M» clnota than ac tua l ly within 

the pool . The s a l i n i t i e s of the two pools were s imi la r . 

Pool 13 Surface 37.8°/oo 
Bottom 37.8G/oo 

Pool 15 Surface 58.8°/oo 
Bottom 38,8°/o© 

so the differences in d i s t r i b u t i o n of the two species were 

c l e a r l y not cor re la ted with s a l i n i t y . 

These observations I l l u s t r a t e d the patchlness with 

which both species of Mola.Aat.phe were d i s t r i bu t ed in the supra-
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l i t t o r a l * lever a t any time during the jmr a id Pool 13 

contain taore Mf o l ivary than l-U tfinofe and often only the 

l a t t e r species was found within the pool . At Taylors 

Mistake too , the re were always fewer K« o i l v a r ! than H. Clnata 

i n pools . Only in th© most temporary pools , suoli as Pool 

15, did K. Oliver jl predestinate. 

daiphlpods were present in moat swpra l l t t o ra l pools* 

Ernie ggandleoarala,' was the e-'«raoaast species in Fools 33, 33 

and 34 (Goose B*y)« raraoorophluB eiscavatluw was present 

in Taylors Mistake pools 'during autumn an<5 spring but was r a r e ­

ly found in summer or winter . The oowion rool? hopper 

Qrahestla e h l l l e n s i s Milne-Edwards was often seen around pool 

margins a t Goose Bay and Kaikoura, a s was the isopod Llgia 

novae-zealandia© Dana, although in much s a a l l e r numbers* In 

dry fools L« .no^e-ffea.landlae was observed foraging upon 

stranded and desiccated Qglfeac fuscus l a rvae . 

Beajgrapsus edwardsii (Deeapoda) was present in a l l 

the la rger pools ©iceept th© most stagnant $ Pool 31 Goose Day. 

I t was only occasionally found In fche smaller Taylors Mistake 

pools and never in hyperhallne pools . 

Unquestionably the raost ubiquitous Tnasroscopic 

species in few Zealand eupralifctoral pools i s the bright 

orange Harpaatlald Copepod Tlgrloptua fulvus. riot only was 

i t in almost every supr&l i t to ra l pool from Pltet»erton to 
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Bluff* but i t has a l s o been found on the Snares I s . (Professor 

0#A« Knox, p e r s . eoram,) and Casipbell I s , (P*M« Johns pe r s , 

eomra.) The l i f e h i s to ry and ©oology, including the remarkable 

powers of survival of t h i s cosmopolitan species have been 

invest igated by Fraser <1935, 1936). A second H&rpaeticid 

Sopepod, a species of Amphiascus Sars was commonly found among 

th© filamentous green algae, although i t did occur a l so in 

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

Pool 35, Kalkoura* 

go|o^e^t4d%ei 

I t was somewhat surpr is ing to find several i n d i v i ­

duals of Anisops a s s i m i l i s in Pool 32 on October 15th» At 

t h a t time t h i s pool had a surface s a l i n i t y of 35,7°/oo and a 

bottom s a l i n i t y of 35#5°/oo. Wotonectlds have previously 

been recorded from bracteish pools of lower s a l i n i t y along 

Bal t i c c o a s t s . T i l lyard (1924) remarks t ha t " a l l the Mew 

Zealand Notonectidae a r e carnivorous being espec ia l ly p a r t i a l 

t o a d i e t cf mosquito or other D i p t e r a ^ l a r v a e , " I t i s 

poss ible tha t A« a s s imi l i s had been p a r t i a l l y instrumental in 

con t ro l l ing the population of Qpif eat fuscus in Pool 32. In 

March 1961 Pool 32 had a dense population of Q* fuscus la rvae 

and pupae of the order of 250 per l i t r e . Ho A, a s s i m i l i s 

were then found in the pool, but in October when t h i s Notonectld 

was present tho 0. fuscus population was reduced bo a very 
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low l eve l of l«*s than one larva per l i t r e * 

Diptera.gphydridaet 

l a rvae of BBhY&rella njovac~geft.fotna.laa, a Cyclorrhaphan 

f l y , were eossa^n In s s a l l shallow pools with mud s i l t or sand 

co t tons . Unlike Qqlfoar fttacw* l a rvae , those of g^jaaattc* 

•::ealandiae withstood dcs ic sa t ion when pools dr ied up. In the 

laboratory several larvae survived a Jnc»nth in dry aondIt;Ions, 

When pools became dry larvae sought r£fur*e In roc>: ct-eviees 

or by burrowing i n the mx<& stow sonĉ . on pool bottoms* Larvae 

ressainefi a c t i ve during these dry periods while t h e i r o-so-

sveloton becja:;® progressively isore wrinkled, but on inversion 

in water they soon regained t h e i r c r i r l n a l shape. This 

a b i l i t y to withstand des i c sa t lon has been an important oon-

t r i b u t i o u t o the success of B> novae-sealandlae in. a temporary 

enviroimeat* 

%Wal,i..qwf-ft^wfltiw *s » waitivoitin© 
spec ies , l a rvae and adu l t s being present in ©very month of 

t h e year , though with varying abundance* Copulation wis most 

frequently observed in September, October and Hovember, when 

the l eve l of the adul t population was a l so a t a 'peak. In 

February,. Harsh and April t he re was a second simile* mxtmm 

In adult numbers* 

In discuss ing the occurrence and abundance of a lgae 

in s u p r a l i t t o r a l pools i t was onclnded tha t the most important 

http://njovac~geft.fotna.laa
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limiting faotors were permanency of pools, their exposure 

to the influence of the sea, arid in the smaller pools, volume, 

fhe fauna of supral i t tora l pools was found to to© controlled 

by the same series of faetera* Fools, such as 32, with the 

greatest variety of algae also bad the most varied fauna. 

Few species of aaiiaals were to be found in the smallest pools, 

which were usually laokiag in algae a l so . fhe fauna of the 

most sheltered pools stash as Pool 3 t , Goose Bay, was 

res t r ic ted to a few of the most tolerant species, Tublficids, 

Senatodes, f j ^ o j j s u j W f f i &**& SMMmJmmM* Although 

the susoessful speeles in stash pools were few, they were 

present in large numbers. At timet the density of Tigrloosus 

fiilvus in Pool 31 exceeded ten per eubie centimeter. 

l l i r . t o ^ , f » I i W l , e J ^ and 9Mtm vaioh thrived in the most 

stagnent and smallest pools, permanent and temporary, were 

usually less numerous in pools with a more varied fauna 

where they met greater competition. Only for one period 

during the year was there a high density of 0. fuseus within 

Pool 52. 

None of the factors controlling the biota of 

supra l i t tora l pools are independent*- volume, permanency* 

exposure to th© sea, temperature and sal in i ty a l l bear some 

rela t ion to each other. These and other factors Interact 

to produoe an inconstant and unique environment with eaoh 

pool. Pools are oases of diversi ty within the supral i t toral 

zone. 



F i g . U1 . Qpifeac fuscus a d u l t . X 7-
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CHAPTEB 4 

fHE BIOLOGY. OF OPIF1X fPSOUS HOTTfifi 

4.1* ; &I&&&3&I 

Qplf«c fusQua (Figs* 41 and 42) was f l r « t described 

by Button (1902) who plaeed I t among the Tipulids* Miller 

(1920) in aa inves t iga t ion in to Hew Zealand mosquitoes r e p o r t ­

ed a eowaon spec ies , breeding in sa l ine pools above high 

water mark. He presumed t h i s species t o be unrecorded but 

G.V* Hudson pointed out i t bad already been described by 

Hutton as a T ipu l iS . Qplfex fusaus was f i r s t plated among 

t h e Cul ie ine mosquitoes by Idwards (1921) a f t e r an examination 

of But ton 's types* Edwards found Qpjfeat d i f f i c u l t t o plaee 

i n r e l a t i o n to the other genera of Gul le in l hut i t seemed 

nearer to Aedee than Cu^ea:. A' rev is ion of the generis 

eharaoterswas made by Miller {1922} who on the grounds of the 

remarkable obaraoters df the adul t and pre«adult stages 

ereeted a new sub family, Qpifioinae, for t h i s one spec ies . 

In a fur ther aeeount of 0 . fuseua Edwards (1924) oonsidered 

t h a t the c rea t ion of the sub family Opificinae by Miller was 

un jus t i f i ed , and i t has not been reeognljted by subsequent 

au tho r s . Edwards (1932) in a l a t e r review held tha t ppi fe^ r 

apar t from i t s secondary sexual eha rac te r s , did not d i f ferg 

g rea t ly from Aed.es* and ooncluded t ha t i t "may well be included 

in the sarr-e group of fenera ." 

The now aeeepted systernatie pos i t ion of pplfex fusous 

http://Aed.es*


F i g , 43* New Zealand, showing d i s t r i b u t i o n of ODifex fuscus> 
Scalef 1-6,000,000. 

# T U w raconds m âdc in kho. Cour&e. <* trns *TUCJH. 
© PubWViad records conhrmad durir>a fr>i* sfojclu. 
+ Published reccrcfc. 
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i s a s follows*-

Phyluisj Arthropoda 

Sub-phylumi Insecta 

Family i Suliaida© 

Sub-family: Cul ic laae 

Tvlb«t Gul la ln i 

"Group*s Aedes 

Genus* 9Mtm Sutton 1902 

ftjgffttg HtlttOii 1902 

4.2 . Dis t r ibut ion* 

Qpifeac fuysus i s the only speolas of mosquito 

endemic to Hew Zealand* Previously Q« fussus was know to 

©ecur from fforth Gape (Graham, 1939) to Otago Peninsula 

(Marks, 1958) along the soast i n pools above high water raark* 

I t has a lso been reported from fare© Kings I s l a n d s , (Harks, 

1958), Poor Knights Is land (Granwell and Moore, 1938), Hen 

I s l and , Kapi t i I s l and , (Dumbleton 1f63) but not from Chatham 

I s l ands , Snares I s land , Campbell Island or Auckland Islands* 

The d i s t r i b u t i o n has now been extended south of Otago 

Peninsula to Bluff and Oraka Point (Golac Bay), Foveaux 

S t r a i t , and. new reeords have a l s o been made along the east 

coast of the South I s l and . A map of- the d i s t r i b u t i o n of 

0 . .fasottS has bemi compiled fro® data provided In previous 

works as well ass co l l ec t ions Hade., in the oourse of t h i s study 

(P ig . 43>• 



Fig# 44* Australasia, showing the distribution of Opifex fuscus 
and closely related groups* 

0 :- Distribution of Opifex fuscus (New Zealand)• 

N :- Distribution of Aedes (Nothoskusea) chathamiscus 
(Chatham Islands)• 

C :- Distribution of the "Caenocephalus" species group 
of Aedes (Pseudoskusea)• 
1. A* (P») australis (New South Wales 

Tasmania, Norfolk Island, Lord 
Howe Island)* 

2. k. (P) ashworthi (West Australia); 

ViAf^^^^' i "x r~ e- • ̂  ^ > v 
»6' 

V't> 
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The Relat ionships of Qcifex fTissues 

The r e l a t ionsh ips of OP i f ex fuscus and the New 

Zealand cu l i c ine fauna in general have been recen t ly discussed 

by Durableton (1962). 

The c lo ses t a f f i n i t i e s of 0 . fuscus a r e with Aedes 

(ffcrfrhoskusea) glmthanferus which occupies a s imi lar niche to 

Qpifex on. the Chatham Is lands , and the "gaenocephalus" 

species group of Aedes (Pseudostaigea) which ranges from 

coas ta l Hew South Wales, Tasmania, Norfolk Island and Lord 

Howe Island ( a u s t r a l l s ) t o West Austral ia (ashworthi) 

Durableton 1982), (Fig 4 4 ) . Neither Qpifex.nor any c lose 

r e l a t i v e lias so far been recorded from South America. Of 

the New Zealand cu l i c ine fauna, only Aedes (Oohlerotatus) 

shows even s l igh t faunal a f f i n i t y with South America* 

(Durableton, 1962). 

The r e l a t i onsh ips and evolutionary pos i t ion of 

0 . fusous w i l l be further discussed a f t e r the morphology of 

l a rva l mouthparts has been considered, but i t i s c lear from 

published work tha t the r e l a t ionsh ips of the Mew 2©aland 

cu l i c ine fauna, in genera l , and Qpifex fuscus in pa r t i cu l a r 

a re cons is tent with an o r ig in and d i s t r i b u t i o n from the 

north and west. 

4 . 3 . The Mating Behaviour of Qplfcot fusous. 

Kirk (1923) reported a long se r i e s of observations 

he had made on the pecul iar mating hab i t s of Qplfe% fuscus 
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both in the laboratory and out la the field* He described 

how the very active adult niales dart about on the pool 

surface after rising pupae* The male uses his anal forceps 

to capture the pupa and the puparlumis ruptured along one 

side of its frontal ridge* Movement of the anal forceps 

extends the slit backwards* If the young imago is a 

female connection with the male is effected before her 

abdomen is clear of the puparlum* 

Reference was also made by Kirl̂  to the struggle 

which may take place when a number of males compete for â  

single pupa* When there were swarms of males upon pools 

such struggles occurred over every pupa* The male which 

mad© the original capture was submerged by his competitors 

which often numbered up to a dozen* Sometimes a second male 

wrested a pupa froBi its original captor* On other occasions 

pupae made clear escapes while males battled on* If after 

approximately ten seconds a captor male still remained in 

possession of the captured pupa, the thwarted males retired 

to search for other pupae* Then the victorious male, grasp­

ing the frontal ridge of the puparlum firmly with his anal 

forceps, would stride jerkily across the pool dragging his 

passive pri&e through the water behind. Emergence f the 

head, followed by the thorax of the young imago, proceeded 

with the puparlum still just below the water surface* When 

this was completed the male often ceased active movement as 

Kirk observed, and rested upon the pool shore just above the 

water surface is the slow steady emergence of the abdomen fro® 
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the puparlum continued* However on occasions the 

emergence of the young imago was completed before the isale 

left the pool surface* Emergence was completed any time 

between five minutes and thirty minutes after capture* 

Although the tiele was active In rupturing the pnparlmm it did 

not assist the emergence of the young imago until connection 

was establishedf usually some time before the abdomen was 

fully clear of the pupariuii* As emergence began the head 

of the young Imgo faced in the -same direction as that of the 

captor, but the plane of the emerging body was Inclined at 

afciost 45° from the longitudinal axis of the urnle* By the 

time emergence had been completed the two adults were in 

an end to end position with heads facing 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 completed,lasted only a few minutes with some pairs, but 

up to fifty minutes with others* Co?imonly connection was 

broken about twenty minutes after establishment* Establish­

ment of connection was never seen between two adults* although 

Kirk once observed this when he placed, a male and female 

within a glass phial* As soon as connection was broken the 

male would fly off* The female would sometimes fly too* hut 

usually it rested for a few minutes before moving* Females 

were capable of flight within two minutes of completion of 

emergence* This was verified by disturbing young imagines* 
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Hales always emerged without assistance and females 

were quite capable of doing so, but rarely had the opportunity 

in the field* Active males would sometimes mistake a male 

pupa for a feroaie hut on discovering their error would 

release the pupa as Kirk remarked, Hwith, one could Imagine, 

an expression of disgust«M 

Biological Significance of the Mat lag Behaviour of Qplfeac 

Fusous: 

Within the suprallttoral pool environment Qplfes 

fusans is exposed to several bastards, the most serious of 

which is 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 

completion of its life cycle is of paramount Importance* The 

significance of the mating behaviour of 0» fuscus lies in 

the reduction of the time between maturation of the female 

mosquito, and its 'fertilization, to an absolute minimum. As 

there was no evidence to indicate that the sex ratio of 

Q« fuscus departs radically from unity, the competition 

between males for females was not an expression of the in­

equality of the sexes, but rather a hypertrophy of the male 

sex instinct which ensures rapid ana efficient fertilisation 

of the available females, so that there is minimal wastage of 

reproductive potential within populations* 



Fig. k5' Oplffex fttscus egg upon rock surface. 
X65 • 
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For the deposition of their eggs (Fig* 45) female 

Qplfex select a suitable moist sp-t around the pool margin* 

Around the shore of each pool there is a damp 2 one which may 

he anything "between one to five centimetres in widt * This 

hand is maintained in a moist condition by splashing and 

washing from the pool water and by capillary action* Plying 

females may alight directly upon this gone, or they may land 

on the water belowf or the rock surface above and walk onto 

it* Once on this moist strip they begin searching for a 

suitable place to lay their eggs* Small cracks and crannies 

or rough patches of rock are preferred* If none is avail­

able in the immediate vicinity the females may fly off to 

other parts of the same pool or other pools, or they may 

deposit their eggs upon smooth sites* especially if the 

population density is high and competition for egg-laying 

sites keen* The eggs are not exclusively laid, on solid rock 

faces* Females have been observed depositing e^s on small 

stones and pebbles, pieces of wood, shells and even filaments 

of Enteromorphqu The essential criterion for oviposition sites 

is that they be moist• 

Having selected a suitable site the female moves 

down so that her hind 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 substrate with the 

antennae and often the proboscis moving rapidly over the 
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surface*, presumably in search of the most suitable site for 

deposition of the eggs* Then the abdomen, is arched under 

the thorax so that its tip is just below the head* The 

rapid vibration, of the abdomen which accompanies this •move­

ment of antennae and proboscis now ceases as its tip is 

applied to the substrate* This is followed by a slow 

relaxation of the abdomen as the egg is expelled* The whole 

process may be repeated at the same site, as inany as six or 

eight eggs being laid in quick succession adjacent to each 

other* On the other hand the female way move off to some 

other site to continue her egg laying* 

Saoh egg is covered by a sticky secretion by which 

it adheres to the substrate or to adjacent eggs if they are 

laid close together* This secretion is variable in its 

effectiveness9 some eggs, especially those on smoother surfaces 

where the area of attachment is small* being easily dislodged t 

others being difficult to move without imparting d&iiage* It 

is thus not uncommon to find eggs floating on the pool surface 

or lying loosely on the mud and sand of dried up pools* 

When the eggs are laid they are* as Wood (1929) 

noted^ almost white* but they darken on exposure to light* 

This darkening process may take several hours if the eggs 

remain in the shade• An accurate description of the 

structure of 0* fusc.us eggs has been provided by Wood (1929) 

who figured the egg and described the hatching process* 
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4#5• The Hatching. Mechanism .of Qpifix fuaous BI?ES• 

Gjullin et al (1941) and independently* Gander 

(1951) demonstrated that hatching of eggs of various species 

of aedine mosquitoes was induced by a lowered dissolved 

oxygen level of the flooding medium* These results have 

been extended by others who have indicated, that hatching of 

raultlvoltlne species can be brought about by biological 

(i*e* bacterial respiration)t chemical oar physical removal 

of dissolved oxygen* Judson (1961) demonstrated that 

decreasing oxygen tension Is much more effective in stimu­

lating hatching than is a similar hut constant concentration* 

Borg and Horsfall (1953)and especially Horsfall (1956) have 

emphasized the importance of conditioning* (the prefloodlng 

exposure of eggs to specific environmental conditions) in 

readying aedine eggs to hatch on flooding* 

Properly conditioned Op if ex f̂ .scus eggs hatched 

between twelve and twenty four hours of flooding • If the' 

eggs had. not been sutg&ct to specific environmental conditions 

necessary for conditioning they failed to hatch on submergence* 

When Q» fuscus eggs were flooded by a solution in which 

dissolved oxygen was maintained at a high level by pumping 

compressed air through the mediumf none hatched.* Twelve 

of twenty eggs kept out of water for six months hatched 

within twenty four hours of flooding* The remaining eight 

failed to hatch* 

• These results indicate that the hatching mechanism 
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for G# fuseus eggs i s s imilar t o tha t for other aedine 

mosquito eggs* Oplfe^t fusous eggs are able to remain 

quiescent for long periods* This Is most advantageous for 

an animal occupying s u p r a l i t t o r a l pools which a re frequently 

dry* 

Qpjf ex. fuseus l i ke a l l mosquitoes has four l a rva l 

ins ta r s* The la rvae (Fig 46) a re aquatic* metapneustie and 

very act ive* • The morphology of Q#. .ffoaaiffi has been examined 

by Edwards (1921 f 1930* 1952)* Miller (1922)* Wood (1929) and 

Dumbleton (1962)• In t h i s study aspects of l a r v a l morphology 

most in t imate ly r e l a t ed to the c e n t r a l theme* the r e l a t i o n ­

ships between Qplfeaf fusous and i t s environment, were 

invest igated* Whereas previous work has been upon Individuals* 

t h i s t h e s i s i s mainly concerned with populations of 0« fusous* 

4* 6*1 Population Studies 

One of the many s t r ik ing features cf the biology 

of ppIfex fuseus I s the high densi ty with which larvae may 

ocaur* Pools a t Taylors Mistake were selected as s i t e s for 

de ta i led inves t iga t ion of the population dynamic's of the 

species* These pools had two main advantages for such a 

study• F i r s t l y they were eas i ly access ib le and could be 

v i s i t e d da i ly i f need b e / Secondly they were small and 

hence f luc tua t ions could be detected more read i ly and with 
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greater certainty than in larger pools• 

No population studies of mosquitoes in supra~ 

littoral pools had been previously undertaken* Various 

sampling methods were considered in relation to the problems 

involved in population studies in this particular environ­

ment * 

This is tfoe most reliable method to employ in popu­

lation surveysf but was impracticable when dealing with 

larval 0+ fusoiis populations for several reasons* The chief 

difficulties were movement of larvae and the high densities 

with which they frequently occurred* It was also difficult 

to differentiate between instars without examining each larva 

individually* However direct counting was successful for 

pupaef as they did not move as frequently as larvae, nor did 

they occur in such numbers* Direct counting of adults upon 

pool surfaces provided a valuable index of the level of adult 

populations* 

2* Marking of Larvae?. 

A widely employed method of estimating animal popu­

lations involves the capturef marking^ release and recapture 

of a proportion of a population* The raost popular variant 

of this technique is the ftLincoln Index11 method* With 

insects such as Q* fuse us in -which the deration of instars may 

be as short as two days it is a problem finding a suitable 
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method of forking• External marking by amputation, labelling* 

spot roar king t dust and spray pigments or stains^ was unsuit­

able 'because of the short time between moults* Internal 

marking appeared to offer moro hope* But feeding larvae on 

stained or coloured food wan not a satisfactory method as 

the gut contents were shed with the peritrophic membrane 

every twenty four hours* Serious consideration was given to 

marlring larvae with a radioactive tracer* Baldwin* et al. 

(1905) had considerable success in population studies of 

several species of mosquitoes by labelling larvae and pupae 

with P32* However Welch (1960) drew attention to some of 

the limitations inherent in this methods a large number of 

larvae should be tagged; the experiment must be of short 

duration otherwise the whole population becomes contaminated; 

and- the technique in general is more satisfactory in permanent 

or discrete pools* Moreover Baldwin et al. were dealing with 

univoltine populations* The application of this method to 

multivoltine populations such as Opifex fuscus would introduce 

considerable complications both in sampling* and mathematical 

treate-nt of data* It was evident that even if a sophisti­

cated modification of the methods of Baldwin et al.was used* 

there could be no guarantee that an adequate interpretation 

of the population dynamics of 0* fusous could be obtained from 

the data collected* 

Dipping is a standard method of sampling populations 
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Fig* 46a* Box for volume sampling of larval 
populations. 
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of mosquito larvae* However Horsfall (1946) has found that 

larval densities determined toy this method deviate \4,th. 

observers^aad often comparable densities may appear divergent 

when recorded, by the same observer in. different places* For 

these reasonsdipping was not employed as a method of determin­

ing 0* fuseus larval densities* 

4* ilrâ  and Volume Samplings 

Horsfall (1946) developed a technique of area 

sampling of mosquito larvae populations* Subsequently 

Bidlingmayer (%9M) and Welsh and James (1960) introduced 

modification and improvements to Horsfall1 s method* The 

area sampling principle 'makes use of the reaction of mosquito 

larvae to disturbances* Most j&igg, Cu^ex and Anopheles 

larvae dive to the bottom of a pool when disturbed arid then 

slowly rise to the surface again* When a cylinder is dropped 

into a pool it encloses these larvae within a given area* 

The number of larvae caught nay be used as a measure of 

density» 

Unfortunately the irregular bottom of most supra-

littoral pools precluded the use of such an area sampling 

device with Q» .fusoip populations* 

This difficulty was overcome by developing a device 

whiah would sample a given volume of water rather than an area 

of bottom* A box of the following dimensions was constructed* 

11 1 4,5 i:4,5 centimetres (see Fig* 4OB)« The box was open 

at 'both ends9 "but could be closed quickly by inserting two 
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sliding doors Into grooves at each end* The entire con­

strue t ion was of perspex, so that the larvae and pupae would 

not be disturbed by any change in light intensity during 

sampling* 

For a sample the open box was carefully inserted 

into the pool with as little disturbance of the water as 

possible* Unlike most mosquito larvae Q* fusqus 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 disturbance the 

larvae and pupae within the volume of the box were enclosed 

by quickly sliding the doors down* Then the boat and its 

contents were removed from the pool and each larva and pupa 

within this fixed volume counted and its instar group noted* 

The number of larvae and pupae within the box gave a measure­

ment of density* Owing to the time involved in counting and 

placing larvae and pupae in Instar groups it was not possible 

on any one occasion to undertake a. number of samples sufficient 

for subjection to rigorous satistical analysis* Nevertheless 

by combining data from several successive sampling periods, 

statistical techniques could be applied* The volume sampling 

technique provided a useful and reliable indication of popula­

tion trends within, and contrasts between, pools* The 
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population structure and dynamics of Pools 2f 3 and 4 at 

Taylors Mistake were investigated in detail during February 

and March, 1961* by volume sampling* 

Histograms of data obtained from volume samples 

of the larval and pupal populations of Pools 2, 3 and 4 at 

Taylors Mistake between February 8th and February 24 th f 1961 

are presented in Figs* 47 f 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» fuseus populations within the pools* 

Detailed comparisons between the population densities of both 

Pools 2 and 3t and Pools 3 and 4 for the months of February 

and March are given in Tables X1T and X¥# 
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IA8IJ2 XI? 

Q^imrlsm of Poptilatlou .Densities .it Pool 2 jmp:. i--;ol 5 

February »..Harsh „ 1961 

I Pool 3 

Me.%n S< 

1? 68,00 574.25 

11 

I I Pool 2 

113 4826,7 24«563 

"tM - 4,8376 
elf ~ 86 
Significance probabi l i ty l e s s than 0.001 
i » e . Difference between population dens i t i e s highly 

s ign i f i can t . 

S~ « Sample est imate of the variance of population 

S. -• St-;no:.'/•« o.r ' i r of aean, 

elf = cofcrc-f-r- of freed T-U 
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TABLE XV . 

GoiRparison of Popu l a t i on d e n s i t i e s c£ Pools 3 and 4 

F&fertiarv - March 1961 

ftogl J k J l Mean of S 2 S 
Samples Sample's _ . J ; 

3 1? 68*00 574.25 - 5*81 
4 18 24.94 251.706 - 3*739 

«tw - 47*203 
df * 33 

Significance probability less than 0.001 
i.e. Difference between population densities highly 

significant* 

From these tables it -emerges that differences in 

population density between the pools were highly significant. 

Apart fro® differences between the mean densities of each 

pool there were also equally striking contrasts in the 

relative densities of the various instars* both between pools 

and within each pool over a number of days. 

The most substantial changes in density of first 

instar larvae occurred in Pool 2. This was found, to be 

associated with the water level within the pool* On the 

11th February when the density of first instar larvae was 

low Pool 2 was very nearly dry* But following rain between 

the 11tb and 14th the pool became filled with water. The 

high density of first instar larvae following the ii.se in 

http://ii.se
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pool level was evidence of an association between submergence 

of a-gs and their hatching mechanism* As the level of Pool 

2 fell again, after February 14th so did the density of the 

first stage larvae in sample s9 despite the cone antra ting 

effect of a deer ease in pool volume* 

Similarly in Pool 3 between February 11th and 14th 

there was a rise increase in the density of first instar 

larvae coincident with a rise in pool level* However the 

density Increment ^as not as extreme as that in Pool 2* 

Emerging from this consideration of changing 1st 

instar density is the fluctuating population structure of 

^tie 0» .fusees as a whole• Even allowing for sampling error* 

the histograms reveal rapid changes in the relative proportions 

of the instars* Subsequent laboratory determinations of 

growth rates lead to fuller understanding of the significance 

of these fluctuations* The fluctuations have two main causes «* 

1* Irregular hatching of eggs* 

2* Unequal duration of instars as revealed 

foy growth rate studies. 

The truncation of Pool 2 population histograms at 

later instars ami the pupal phase can toe ascribed to mortality 

due to the desiccation of the pool. Commonly only earlier 

instars were represented in temporary pools* In these pools 

the life cycle of Q,#i fuseus only rarely proceeded to complet­

ion and tremendous wastage of breeding potential resulted• 
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Table XVIpresents comparisons of different sampling localities 

within the same pools. 

SABLE XVI 
i n 

wociparison. of P o p u l a t i o n / P a r t s of Same Pool 

1 . Pool 3a South. End and. Pool 3a Eas t End. 

Samples Samples __ J^ 

3 South End 15 63 ,4 1069.286 8.45 

3 Bast End 9 50 762.5 3.2044 

t = 3.094 

df ~ 22 

Significance probability lies between 0.01 and 0,001 

i.e. Difference between population densities is 

highly significant. 

2. Pool 3 South End 

EML Mr M, 
Samples 

3 South end 1? 
3 Bast end 10 

t - 1.5888 

df = 25 
Significance probability lies between O.S and 0.1 

i.e. Difference between populations is only just 

significant 

Pool 3 East End 

Haan off S 2 S 
Samples ^ 

68 574.25 5.81 
53.6 416.22 8.45 
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During February and March there were highly significant 

differences in the population density of south and east 

end sampling areas of Pool Sa* However the difference 

between the density in south and east ends of Pool 5 over 

the same period was only just significantf the probability 

of ntn lying between 0*2 and 0#1. 

Population analysis using the volume sampling 

method was augmented hy direct counting of pupae (Fig* 50) 

and adults* The results of these direct counts rade during 

the months from February to May are graphed in Figs# 51 and 

52* In February^ March and April there were considerable 

fluctuationsf both in the total pupal population at Taylors 

l<fistake and in pupal numbers in Pools 5 and 4* After falling 

from 277 on 20th February to 38 on 3rd March the total pupal 

population recovered to 481 on 22nd. March, only to be down to 

142 a week later* The amplitude of the fluctuations was 

substantially less In Pool 4 than Pool 3 which supported the 

larger Op If oat population* During the second half of April 

the total pupal population fell steadily till by Hay 7th 

there were only three pupae in Taylors Mistake pools* By 

May 28th no pupae were left in these pools* Similar 

fluctuations were recorded in the adult population. However 

whereas the pupal counts were complete including every indivi­

dual in the localityf the adult counts only provided an index 

to the adult population* Only those adults upon the water 

surface of pools were counted* Collections showed these 

adults were predominantly itsale, although females were not 
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uncommonly found upon pools* As Figs. 51 and 52 shew the 

fluetations of adult population tend to lag behind correspond­

ing fluctuations in pupal numbers* The adult population 

index was of a similar order to the pupal population* On 

May 28th there were still seven adultsf but none were seen in 

June* 

Larval population also fell substantially during 

April and May but the decrease was modified, by the continued 

hatching of eg-s* For exaiaple a volume sample from Pool 3 

on Hay 28th when no pupae and only seven adults were seen* 

revealed seventeen first instarf four second instar f sixteen 

third instar and five fourth instar larvae* Other pools 

exhibited a similar reduction in larval density* Taylors 

Mistake populations were maintained around this reduced level 

of density during June and the first half of July*, but the 

Q» fusous 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 or* second instar 

larvae were seen in any of the Taylors Mistake pools• Ho 

larvae survived in Pools 2 or 4 at all. The only remnants 

of the previously well established population were five third 

stage and two fourth stage larvae in Pool 3, This differen­

tial survival within Pool 3 may be ascribed to the ability of 

the .larger larvae to shelter amongst the srall rooks and 

stones upon the bottom of Pool $• Wo similar shelter was 

available in either Pool 2 or Pool 4* The discovery of one 

live fourth instar larva secreted 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 August 

16th the Opifejc population bar! become re-established from. 

eggs which had remained quiescent through the winter. First 

ins tar larvae were numerous in all pools * A volume sample 

from Fool 3 on September 15th revealed the following 

population structures-

•!$t £ M & 3 4JUa Pacae 
Instar Instar Ins tar Instar 

198 30 6 8 0 

Although many eggs had hatched sinoe July, few moults and no 

metamorphosis had taken place» A similar situation prevailed 

in other pools* It was not until October 2nd that the first 

pupa reappeared at Taylors Mistakes a solitary specimen with­

in Pool 3* On October 1st there were over one hundred pupae 

in Pool 83f 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 Bay is much 

more sheltered during rough weather* Little mortality had 

been suffered by the Pool 23 population during the winter, 

and. consequently pupal and adult populations were re-establish­

ed sooner than at Taylors Mistake* 

A second serious setback was suffered by the Taylors 

Mistake 0« fusotis populations during October• For three 

weeks from October 5th all the pools were dry except Pool 4* 

At a time when,given favourable conditions, the breeding 
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population would be approaching a roaxlmuia level after the 

winter% metamorphosis, mating and oviposition were restrict­

ed to one smllf low population density pool* When the 

pools were filled again at the arid of October the population 

recovery was, surprisinglyf even more spectacular than the 

previous one in August* Ho eggs had been laid around any 

pool except possibly a few round Pool 4 for at least five 

months• Yet the number of larvae which hatched in late 

October ami early November was greater than in August. The 

water level within the pools was no higher ih November than 

in August* so the eggs which were submerged in the later 

month would also have been submerged earlier* Borg and 

Horsfall (1953) and especially Horsfall (1956) have a&pha-* 

sized the importance of conditioning (the presubmergeme 

exposure of eggs to specific environmental conditions) in 

readying aedine mosquito eggs to hatching on submergence• 

Thus the adequacy of conditioning has been shown to be 

important in determining the eggs*response to the hatching 

stimulus* It is suggested that the failure of many eggs to 

hatch when first submerged was due to Inadequate conditioning* 

Subsequent environmental conditions prepared the erga to re­

spond favourably to later hatching stimuli* 

Populations in Other Pools: 

Population structure and fluctuation of jÔ îfex 

fuscus in other pools were not examined in detail as at 
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Taylors Mistake* However, observation confirmed that the 

major trends recorded from Taylors Mistake pools also took 

place in other South I?la ml pools* 

Firstly larval pupal and adult density was always 

highest during summer months• Ho pupae or adults were seen 

at any pools during the winter although Wood, found occasional 

pupae anil adults at Island Bay in the winter of 1929* 

Secondly there were marked contrasts betv/een pools 

in the amplitude of population fluctuations* For instance * 

one of the largest pools, 32 Goose Bayt on March 3rd, support­

ed an enormous OP if ex population* On that day the mmber of 

adults, upon its surface was estimated at between nine and 

eleven thousand* Yet on Hay 10th only a single adult was 

seen upon its surface* Heavy seas washing into the pool 

were no doubt responsible for the devastation of the O^f^s^s 

population* Unlike Taylors Mistake pools$ the Q« fugous 

population was only very slowly re-established» As late as 

October 15th there were no more than thirty larvae within 

the pool ,32* Apparently continued disturbance by the seaf 

predation by Anisops assimilis and possibly by the cockabully 

Igript.er̂ iô  yar;f*uirit had prevented any resurgence of population 

numbers. On the other hand the larval density of Pool 51, 

Goose Bay, regained much steadier throughout the year, although 

again it was highest in the summer months* 

In a third large pool,. 25 Kaikoura, larvae congregat­

ed in preferred rcgionswhere density was raaiatained around 
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iwcmty or t h i r t y per volume sample t (224 o#3«s*) while 

Vryvu- wt;i i ;* «suat i"r^u other p«r ts of the pool* Density 

^•I'r; -,*<,st c -*.if i t i o a s hir2 only <-* limited neanlw^ l a rva l 

numbers in Pool 25 never approached the xmx&zm, l eve l s in 

31 or 5g« ^ _ _ _ _ 

Sources of l a rva l food were ^eterwdried '-̂ y csxa^in&tlon 

of the gut contents of larvae of a l l four l a s e r s * v i r s t 

stage larvae appear to gain most of t he i r nourisar-evit fro"i 

yolk reserves enclosed within the hind gut* Occaisional 

sratll diatoms were found within the hindgut of f i r s t i r r^or 

larva hut the plant ids were not digested* So^e fino s^nd 

gra ins were usual ly present as well* 

Ho yolk was re ta ined in the gnt of second ins tars 

Gut contents of second^ third and fourth iristar larvae from 

each pool were similar in. nature but there was a progressives 

increase in the roaxinram s ize of acceptable p a r t i c l e s with 

<>ACI insc;»r* ;3o -̂*~only the gut contents "*f luw^o o insisted, 

of a ooiV'lo^orttci >M of d ia tons f un ice l lu la r - r*. (\> aV-'ui, 

filariciits of hlMo .'frtju alg.a; i r r d e t r i t u s *'t***r,j ̂ i c u t"< v 

rcV*tiv» /Qu,inaUJO vf thuse various corpoao.iAs i*. "u1". c n -

ton t s w.is ;;ri*'urtly Oot«T drK^ y t h e i r aval^a1*?11* * w r ' c p 

there were two d i s t i n c t types of feeding behaviour associated 

with morphological differences in l a rva l mouth pa r t s • This 

w i l l be discussed la te r* 



- 83 ~ 

Occas iona l ly p a r t i a l l y d i g e s t e d pro tozoa and 

•'\r is ;>&'V>'.v ->? 0* fj^gcng. cxos>e le ton were a l s o found w i t h i n 

r.-c; 'b , ryal h i n b r u U - l i l l e r (1982) and Wood (1929) have 

prusea ted evidence of canniba l i sm a^ ia r >j# rfns<g:.isf 1 .rva^* 

Caa?db;vlisr-j was not a con on 03 "*or*-< a^^!!*! ou1fT in*fcu^eo 

l a r v a e wore a tracked,, una ^-ily when >fc{»er f o «* s u p p l i e s </ert: 

inadequate* Such feeding h a b i t s a r e an e x t e n s i o n of the 

scavenging bebavionr of l a r v a e ^ Dead l a rvae^ a M decaying 

p l a n t s and an imals vere f r e q u e n t l y a t t ached* 

B a c t e r i a and y e a s t s probably form an impor tant 

p a r t of the d i e t of Q» fusous a s wi th most mosquito l a r v a e . 

Ho d i r e c t evidence of t h e i r p resence i n put c o n t e n t s was 

ob ta ined f but wi th high magn i f i ca t ion and c r i t i c a l lls?htlr.i>? 

bo th b a c t e r i a and y e a s t s were observed in supra l i t t o r a l pool 

water which l a r v a e had been f i l t e r i n g * !£he exper iments of 

Tragcr (1C36) i n d i c a t e t h a t Ae3e§ aegyp t l i s a b l e t o grow on 

m a t e r i a l s i n s o l u t i o n only, and i t i s consequent ly widely held 

t h a t *nosi mosquito l a r v a e depend i n p a r t , a t l e a s t f on food 

m a t e r i a l s in s o l u t i o n in. water* 

latrodasliass 

Jn h i s descr lp t ; i^ f i rf t^o l^rvbi rorpb^bo-^ V' 

Op i f 0.3̂  ufi2scmus^ ' . f i l ler (1-f^C) desc r ibed th*, p r v w ^ a d i ^ i la r 

Tiiouthhrushes a s being ?rtaae up of simple h a i r s * Wood (1b2Q) 

d id not c h a l l e n g e b i l l e r ' s d e s c r i p t i o n a l though h i s own 
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account differed somewhat* According to Wood, each mouth-

brush consists of hairs of two kinds* The outer ones were 

long and eurved$ the inner ones were shorter than the 

outside on.esv a ad were toothed* In an examination of 

specimens of 0* fusous collected in 1981 by G«¥* Hudson 

P*F* Mattlngly (in Karksf 1956) discovered that some mouth-

brushes conformed to Miller's description (ail simple hairs) 

while others had pectinate hairs corresponding to Woods 

account* Marks collected larvae at Island Bay and found 

that this population also was comprised of a mixture of 

larvae with simple; and pectinate types of mouthbrushes* As 

early as 1921 Vfesenberg~Ltind had recognised that there were 

these two basic ̂cypes of mosquito mouthbrushes^ but the 

existence of both types within a single species has not 

previously been reported* 

!-etl̂ qds$ 

The structure of both simple and pectinate types 

of mouthbrushes was' examined* Larvae and adults were 

searched for possible linked morphological features* Com­

parisons were made of the function of the two types of mouth-

brushes* The proportion of both types in several pools was 

examined,, and possibility of a relationship between sex and 

frequency of the two kinds of mouthbrush was checked*. A 

series of laboratory experiments was undertaken to determine 

the bearing which a variety of environmental conditions might 

have on the morphology of the mouthparts* 



Fig* 53a. Qpifex ffuaeua, fourth inetar larva, 
haa&, dorsal aspectf showing mouth-
brushes with only simple hairs * 

Pig* 53b, Qpjfez fuacua* larval mouthlxniohee* 
simple type*' ' 



F i g , 5fca. pQlfQg ffpcua. fourth i n s t a r l an ra , 
head* ven t ra l aspect , ©hoi&ag 
ffleuthhrtishss with pec t ina t e b r i s t l e s , 

F i g , 5hh. Qpigex fiiscus l a r v a l noutUbrudheft, 
pec t ina te tsrpe. 

/ " • 



Fig« 55• Qpife^ ffuacus l a r r a # 
of mouthbxnishes. 

Pect ina te b r i s t l e s 
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Results: 

The difference between simple and pectinate 

bristles is sufficient to produce two very distinct types 

of brushes (Figs* 53 and 54)* Pectinate bristles \{.Ftg. 55) 

are sickle sliapecl with teeth DO. the inside edge of the curve* 

They are rigidf up to tea tiees the width of the simple 

hairs and no noro than two thirds their length * In a brush 

with pectinate bristles, the crater, quarter of the fla'bella 

supports simple hairs* The density of hairs in this outer 

quarter is greater than in the inner three quarters of the 

brush whether the other hairs are pectinate or simple* 

Similar numbers of hairs are present both in the simple and 

pectinate types of brushes* There is considerable variation 

in pectinate bristles* In fourth instar larvae the most 

strongly developed pectinate bristles are between 140 and 170 

Jj in length and between 2 and 5 c'/ in width* The longest 

teeth are 12,// and the broadest %/j wide* All teeth on one 

bristle are not of equal length* Usually the third or 

fourth tooth from the tip is the longest and there is a 

gradual decrease in length towards the base of the bristle* 

With weart teeth may he reduced to mere stumps no more than 

1*5./' long* Bristles on the ventral surface of the brushes 

are the most strongly developed* As they become worn and 

broken off the more dorsal bristles are strengthened and 

functionally replace them* Developing pectinate bristles 

differ from simple hairs in being shorter*, slightly broader., 

and have minute serrations along their inner nurgin* x'he 
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teeth reach their full length before broadening out* Thus 

dorsal to the sturdy ventral bristles are several rows of 

bristles bearing fine combs* Though the teeth within these 

combs m y he 10 or 12/J in length, In width they are no more 

than 0*6, .v * There Is also variation in the number of teeth 

upon bristles* Commonly there are between twenty arid thirty 

teeth along the outer third of the inside edge of each 

bristle* But there may be no more than ten teeth on a 

bristle* 

Larvae and adults were carefully searched for 

other morphological characters that might be associated with 

variation in the types of mouthhrushes* Apart frora the 

generally heavier ehitinlsationi of the mouthparts$ evidence 

of their greater wear in larvae within pectinate type of 

motithforushes, no difference could he detected* Adults which 

had been produced from simple and pectinate types of larvae 

were indistinguishable• 

The Functions of Mouthbrush.es: 

Mosquito larvae have several different methods of 

feeding (Bates*1949)*' These ares-

(a) Gnawing hard submerged objects* 

(b) Scraping off the periphyton on the surface of 

such ohleets* 

(c) Swallowing comparably large floatin~ hodies. 

(d) Filtering small suspended particles from the 

water* 

http://Mouthbrush.es
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Mouthbrushes are involved in each of these methods, all of 

which are employed by Q/pifex, fuqcti$* 

Larvae that were observed, gnawing or scraping were 

found always to have pectinate brushes* Particles were 

grasped and held between the brushes on each side while the 

brushes were rasped quickly and repeatedly.over them* Fre­

quently detritus particles were held between the brushes 

and carried through the pool* Larvae were seen with a flrtr, 

grip on debris with their brushes struggling and pulling' until 

a particle was loosened and then swallowing it. if it were 

of suitable siEe* 

nevertheless, despite the ability of Q» fuseus to 

gnaw objectsf scraping surfaces was a much more popular 

feeding method for larvae with pectinate brushes* Almost 

any object appeared to provide a surface acceptable for 

scraping• The widely extended brushes were applied with 

their ventral face against the surface* Then there was a 

sharp posterio-ventral and central movement of the brushes 

in unison* This movement was continued until the bristles 

were In intimate contact with hairs and bristles of the 

mandibles and maxillae* A short sharp lateral movement of 

the brushes coupled with a slight central movement of the 

maxillae resulted in the particles gathered by the brushes 

being transferred to the mandibles and maxillae* As the 

brushes were withdrawn from contact with the mandibles and 

tiiaxillae the latter structures were vigorously thrust into 

the oral cavity* Then the mentum was thrust dor sally and 
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forward reducing the si&e of the mouth as the mandibles and 

maxillae ware withdrawn* During their withdrawal they 

scraped against the toothed taentum leaving their load of 

particles within the oral cavity* At the same time, 

particles which were too large to enter the mouth were re­

jected* As the mandibles and maxillae were withdrawn the 

pharynx enlarged and the food was sucked, into the gut* 

Meanwhilet the inward and posterior movement of the mouth-

brushes had resulted, in the larva being propelled forward 

so that the surface to which they were next applied was new* 

Examination of gut contents showed that the swallow­

ing of large particles was a regular occurrence both with 

larvae having pectinate and simple types of mouthbrush when 

such particles were available.. Selection acted through 

particle si2;e rather than on potential food value* Bits of 

woodf detritus, filamentous algae and cuticle appeared within 

the gut of both types of larvae* 

For larvae with exclusively simple hairs in their 

mouthbrushes, filtering was the mast favoured feeding method* 

Larvae with pectinate mouthbrushes also fed by filtering 

small particles from the water but they were predominately 

scraping feeders* With their longer hairs, larvae with the 

simple type -if noufchbrush were able to filter a greater 

volume of water in a given time than pectinate types, and 

were therefore nore efficient filter-feeders. The mechanism 

of filter-feeding In Opifex fuscug larvae is identical with 
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that of the scraping method of feedin??# Indeed filter-

feeding can be regarded as scraping the water for food* 

Exactly the same sequence of movements of the mouthparts 

are involved in each method* The proportion of small 

particles such as unicellular algae and diatoms was rmmh 

higher in the gut contents of filter feeding simple mouth­

orn sh larvae than in pectinate mouthhrush larvae* 

k variation of the common method of filter-feeding 

is interfacial feeding (Eenn quoted in Bates 1949)* 0* fiasatis 

larvae frequently feed in this way while breathing by 

suspending themselves from the water surface by their anal 

siphon and arching their abdomen so that their head is also 

at the surface. In this position the raouthbrushes sweep 

particles from the surface film into the larval mouth* As a 

result of the various currents thus created the larva rotate 

about the slphonal pivot point at a rate determined by the 

vigour of' the mouthbrush movements« 

The volume of water exploited by filter feeding is 

surprisingly largef Senior White (192ftf in Bates) estimating 

it at ranging between from 0#5 to 2«0 litres per day for third 

and fourth stage larvae of various mosquito species* 

Associated with these various feeding habits are 

behavioural adaptations* Q#, fusens larvae are gregarious« 

Frequently larvae were concentrated in a few areas within a 
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pool while the r e s t of the pool was completely void of 

larvae* This gregariousness was p a r t i c u l a r l y evident in 

la rge pools such as Pool 25 where l a r v a l numbers were not 

excessive* On Hay 10th. volume samples were taken amidst 

the two l a rges t concentrat ions of larvae within Pool 25f 

Kalkoiira* The f i r s t sample was taken in the ^tid^le of a 

group of larvae f i l e r feeding^ while the second sample com­

posed larvae hovering around, a decaying L e s s o r s frond a t 

the opposite end of the pool* The moufch brush types of the 

two samples are given below* 

gamp^e J, Mid Waters F i l t e r i ng 

Number of Simple larvae Number of Pect inate 
la rvae 

20 2 
(All Third Instar) 

Sample 2 Over Lessonias Browsing 

Number of Simple larvae Number of Pectinate 

larvae 

1 10 

(All Third In s t a r ) 

Obviously within t h i s pool there was hab i t a t 

s e l ec t ion associa ted with the type of mouth-brushes which 

the larvae possessed and the kind of ava i lab le food* 
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^ro&ortioiis of Hqiithbriish Types in. Other Populations % 

The mouthbrush types of larval samples taken from 

other pools were also determined. In Table XVIIthe results 

of these examinations are recorded, by instars• 



TABLE XV1| 

onthbriisii Types In Or>ifex ftissus Population ^f-*•*%'« 4* 1r 

Legality Date Instar 

2nd 3rd 

Simple Pectinate Simple Pectinate 

Island Bay 8.1.61 2 9 10 

G. 32 10.5.61 0 0 

G. 31 10.5.61 0 0 20 21 

TM.3 15.2.61 20 4 2 11 

TH.3 8.3.61 12 13 11 

G « Goose Bay Pool 
T.K. = Taylors Mistake Pool 
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This table shows that larvae of each instar5 

except the first* had either simple or pectinate types of 

mouthbrushes• All first stage larvae had simple mouthbrash­

es. The proportion of simple and pectinate types var ice! 

between pools and within different samples fro& the sn n 

pool* 

It was possible that mouthbrush type might have 

been linked with the BBX of the larvae* Even in early 

stage larvae it was passible to distinguish the sex of larvae 

as the rudimentary male gonads are dense hlack. in colour 

while the female rudiments are not pigmented « Thirty-two 

larvae of second* third and fourth instars were investigated 

for Biouth'brush type and sex* The results are tabulated 

below in Table XVIII. 

TABLE XVIII 

Sex and llouthbrugh Types in . Qpi.f ex .fuaaas 

Instar Houthbrusb Type Male Female 

2 Simple 2 4 

2 Pectinate 0 1 

3 Simple 5 8 

3 Pectinate 1 0 

4 
4 

Simpler 

Pectinate 
1 
3 

0 
7 
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.: ̂  •:: 1 i . .'oil; or un^erst; .u i<r- of ,ri;* s' -* .~ 

glcaX v a r l a t i / m i n trie types of h a i r s w i th in the l&rvul nouth~> 

brushes i t \m.u important t o aour/uct l a b o r a t o r y exper iments 

*.?it*> a viovr t-> e s t a b l i s h i n g p o s s i b l e aaoses* fixperinputs 

\* -K ' V H J ^ O i v t 4 i i . i l l y t^ < ctor-~ 5ne v ot -t i c j ^ '*.* 

o )n - r^ , vr-'~ %>i* c!o or cnvir')ivuv*tal# V;«f.» m H a m * *><* 

»"i>cr»**t " i»»nr - i/ r a ^ t l ^ l e sint. ->f foof% t empera tu re f 

J>L" ' i^ i t r^ ' u"* 11 "V, on *•><* s t r u c t u r e >r t ^ r -yjn: r*fr*' ' s ^ g 

t e s t e d * 

- r •> /*« 1 r"ivi- 'uj » **> i a *-*' 5tL tu e$* ,,f' r r e/;e r ^ i i - r* L sloughed 

BXO - s e3b t ) ' i fron Uie *\rrirJr:ms la* r*c *i ^ ev . . i ^ ana 

*/-• cy;>e oT ; u l f s in. the ^oittlh r i s ' ^es 6®U\r\i;*cr * The v i i c r 

in v^ii-; c<\c l ^ rv^e were raided w*s c ^ u r j - tv-:\r<--. ] ,iv*? each 

i'V -̂ XIV( h i s t o r i e s ->P f i v e *e\e:sloc? ~'arr^c T O V I * ' ^ 

a key t o "/.* ft*'*'.' iUta* v h e so,;nrnees -vf t-.or«4.h: riu;'.. v - j^s 

w i t h i n t h e s e l i f e ' h i s t o r i e s a r e t a b u l a t e d below* 
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Mouthbrush Typos ...of r„Iristars_ of Jglye ,,M±X^M^ 

Larvae ffumfaer 

1 

2 

3 

4 

5 

In this table S « Simple hairs only in 
mouthbrushes* 

P » Pectinate bristles in 
mouth.brtish.es* 

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

fish food* 

Houthbrush types of Op if ex fusons may reTnain the 

sane in successive instars or they may change either from 

simple to pectinate or vice versa* 

Since this experiment had demonstrated that the 

morphological variation in larval structure was not due to 

genetic differences between larvae*further experiments were 

designed, to determine environmental stimuli which might produce 

larvae with simple or pectinate bristles in mouthbrushes* 

Field observations had suggested that food supply 

might contribute to the morphological variation* Larvae with 

1st 2nd 3rd 4th 

S S S S 

S P P P 

S S P P 

S P P S 

S S P S 

http://mouth.brtish.es*


TABLE IX 

HguthfaTOSli Typos by I n s t a r s of, Laryae fed on 
LoeffJjers .. Iteftydrated Blood Seraia a t 25°Q 

Layva Nmajbey Iasta.r 

6 

7 

8 

9 

10 
4 

11 

12 

13 

14 

15 

16 

17 

18 

1st 

8 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

2nd 

s 
«•** 
D 

b 

S 

S 

s 

s 

s 

s 

s 

s 

s 

3rd 

s 

P 

s 
*• ' • • * 

K3 

S 

s 

s 

s 

s 

s 

s 

4 t h 

s 

p 

s 

s 

s 

s 

s 

p 

s 

s 

s 

s 
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only simple hairs in their brushes "had been found, to be 

:1-Mnl; exclusively filter-feeders while those with pectinate 

bristles were browsers* Koreover the occurrence of each 

tyue of larvae was correlated with the availability of suit­

able food* Powdering of the fish food used in the Initial 

experiment produced a wide range of particle size. It was 

suspected that the varied results of the first experiment; nay 

have been associated, with the chance supply of particles of 

different SIEOS in unequal quantities to each larva* 

A second experiment was performed to test yiis 

hypothesis, Loefflerfs dehydrated blood serum* which had 

been successfully used by Wigglesworth (1933) for feeding 

mosquito larvaef was selected as'a suitable food* Its chief 

advantages were that the particles were of uniform si^e and 

because this was small most remained in suspension between 

water changes* Consequently larvae were dependent on filter­

ing for obtaining most of their nourishment* The results of 

this experiment are given in Table XX , 

With almost all the available food in suspension 

and accessible only by filtering the moufchbrushes developed 

by the larvae were almost exclusively simple. 

A further experiment was initiated usin • <-̂ ch larg€j» 

sized particles which conId only he manipulated by scraping 

or gnawing and not by filtering Fine grain fish food that 

had not been powdered was used as food, for the larvae^ which 

were grown in a constant temperature at 25JC# The raouthbrush 



TABLE XX | 

tloulf^braah Types by Ins tars« of Larvae fee 
^g. commercial Fish Food 

In s t a r 

Larval 

:' on t libra sh 

Types 

S 

O 'O 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

p 

p 

p 

p 

p 

p 

s 
s 
s 
p 

p 

s 
p 

s 
p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

s 
p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

V 

p 

s 
p 

p 

p 

S = Simple hairs only in mouth brushes 

P « Pectinate bristles in mouthhrushes 

larvae• 

411 Lar¥ae were grown at 25 - 27 % 



TAOLB X m 

ifcmtterusri^TypeSy. : .by : last lysy . .of J^ryae^supjBlied 
with Pish Pood diirirK Second. Ins tar* and Loofflers 
Dried Blood Serum during: Third and Fourth I n s t a r s . 

In s t a r 2 3 

Larval 

r 'mithbrush 

Types 

S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

p 

p 

p 

p 

p 

p 

p 

p 

•p 

p 

p 

p 

p 

p 

p 

ir 

s 
p 

p 

s 
s 
p 

p 

p 

s 
p 

p 

p 

p 

p 

s 
s 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
£31 

S 

S s= Simple h a i r s only in xaouth'brashes 

P » Pec t ina te ' b r i s t l e s in mouthbrushes 

All larvae were grown a t Room Temperature 
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n/ i g i lder x/^e'Si. C5 * *« I t i 

1 * . 

l j . »• 

i . . 1 , «C 

a , . n; C ' ^ 1 

v 7* t o c\ >n V-A •! ^ >, 

M * * 

->o 

p J 

• * j 1 ' - "* « r . t u 4 \ ' V 4 r ^ Ins ? r ? f r * * \%- .% "jtlw 

:H" r '-x c , : "c f i n e - w r t l c r i t l v . c T.oe f i l e r ' s ,-i H/ : * l->*xl 

s:r*i * ** y :; .!*v CCTIIt i s f k u r iV*;, ^ ) i } t r ; ' r : t i ** 

tOc dec rease In fc' c ^u'-fciole sizo if f'<? foid v / ^ e vs.s a 

o'lungo Cr->> j^,3:;i;ia,ie t 3 s i ^ l o tyf-es of brushes* r* o y^ioD; 

i n f *>JX' supply •--."> ?;li l a r v a e was 'latic a t t*»c sa ,c ^i-^c% -jnt ^^ 

l*:c iMr,- <U^:e l a r v a e wore a t l i f f ^ e u l s u cr> of t v c l o p ^ t ^ t ^ 

t h e i r rosr-oas-, i* > r*hu y.iango *.:a& var:1oc?# .towcvci^ ->II fcv~e 

ox p or I v., a t LdT.C; vrere rr?^. i l:x .4 vr-At?y4.^t;> a t 1v: "J - 1VV;, •*. 

Loof f * ci-s h V st r r i , ;;r it> 

%V o - ** *-i3r r>«* ;/s ^c^ r ] ' i - c 

* *»S 

developed In acr^plete darvne?:?5 en^ norr-.^al ^a'^s a t raor* 

I t was poss ib le* OTt iHilI^-^ly that; <Vi'f^c^^c-uiaes i n 

t !"c ^:-n;i l e a l ^•yriBtilntira of too1* were r e spons i - . l e for the:-
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development of b r u s h e s . In t he f i e l d l a r v a e had been found 

t o respond t o a v a r i e t y of foods , Whose chemical VT^OHIGIOMS 

were undoubtedly d i f f e r e n t from those used i n tho l a b o r a t o r y , 

toy developing the t ype of b rushes b e t t e r su i ted fc-> t h e 

e x p l o i t a t i o n of t h e a v a i l a b l e food* Moreover t h e exper iments 

had shown t h a t mouthbrushes of e i t h e r type may be developed 

i f l a r v a e a r e grown upon t h e same food suppl ied in a ran&e of 

p a r t i c l e si2;e* 

It can therefore be concluded t'-at pectinate or simple 

types of mouthbrush are developed in each instart except the 

first in response to the available food* If food is in 

suspension and can be gathered more efficiently by filtering 

simple types of hairs onlyf are developed within the mouth -

brushes of 0« fuscus* When the food supply is of longer 

particlesf or can be exploited only by scraping or browsing 

pectinate bristles are developed in the mouthnrusbes* In a 

population the proportion of larvae with eac!"' type of brush is 

ad lusted so that the available food is most efficiently 

utilised. 

beohanlsm Controlling polymorphism In Qplfex ̂fuscus* 

Polymorphism, is not uncommon among insects. In many 

insects which occur naturally in more than one for-3. the 

characters are controlled by genetic factors, but there are 

well known examples in which polymorphism may he brought about 

in the course of development by environmental factors acting 

upon insects of uniform constitutionf e.g. seasonal dimorphism 



- 09 -

in butterflies; head types of polymorphism in ants; poly­

morph! SIB in honey-bee colonies; arid in aphids differences on 

too' one hand between parthenogenic• and gamic generations; 

and on the other between alate and apterous forms among the 

parthenogenic individuals. In many instances the priory 

environmental stimuli responsible for the dov^lopucas o" 5 be 

different forms have "been determined, hut little is rrm/- of 

how those stimuli influence the structure o*' ;mi/>1s.* 

It has been established that mouthbrush polymorphism 

in Opifex fuscus is determined bv the available food but there 

is no evidence, at present, as to how this stimulus acts upon, 

the animal* 

Biological Significance of Larval Polymorphisms 
n •!»• 'Tur ii»-i-»rmiin iHin uri i«i i Tin IIITI i H I -mr-inTi -i nriri -maun i-imi-> n » n i r ri.mrn n i r n imip •wwT 11 ritOTfufitiiwHrir' unrMm "initciini»» m n w i i t h >»inr» m—iW 

Polymorphism of l a rva l mouthbrushes i s of adaptive 

value to OpjLfex fuscus enabling the larvae to exploi t most fu l ly 

the food resources of the environment* The a b i l i t y to respond 

morphologically to the ava i lab le food ensures that i t i s 

e f f i c i en t l y u t i l i z e d so tha t a maximum number of individuals 

develop to for?r? a breeding population as quickly as possible* 

In no species of mosquito other than .0* rfii3ears has 

the occurrence of two d i s t i n c t types of l a rva l ^outlibrushes 

been reported* However Eosen and Eozeboom (1954) ha^e shown 

tha t a t l ea s t two species of the s c u t t e l a r i s group of Aedeg in 

Polynesia, A; polyiiesiensis and i^^^pseud of cut, e l la r jLs may have 

e i the r hairy or non hairy larvae* Although Rosen and Eozeboom 
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establ ished tha t the cont ro l of t h i s va r i a t i on was environ­

mental they did not e luc ida te the pa r t i cu la r factor responsible* 

JBE2liltionar^r .Sl.&nif icftiice, of„,1&Tval....I-orl>hologleal , Var 1;:»tions 

In a survey of l a rva l mouthparts of Gullcinae 

Surtees (1959) concluded, that f i i tor-fecdlrr* w*? pel^i! ivt 

among mosquito larvae while other feeding ' a^ior h w ecu 

more recent developments* This theory was -jse^ "<»> 31.•peenj-

t i v e study. of the s t ruc tu re and feeding 'habits of a number 

of cu l i c ine species# 

Stir t ees described, the typ ica l f i l ter-feedi?ig fac ias 

as follows* long f ine uuserrated mouthwashes, large maxillae 

bearing many fine se tae , small weakly chl t in ized mandibles, a 

weakly ch i t in iaed mentum possessing a la rge number of very 

small teeth^and associated with these f ea tu res , la r^e sub-

ap ica l t u f t s on the antennae* Larvae of the typ ica l browsing 

fac ies have short s tout antennae, with no suhaplcal tu f t of 

s e t ae , and d i s t a l l y serrated mouthbrushes, strong mandibles, 

reduced maxillae with well developed setae* A se r ies of 

species with feat-ares in te r mediate between these two facies 

was described by Surtees* 

Apart from the rad ica l differences in the s t ruc tu re 

of mouthbrushes in the two types of Qplfe^.fusous l a rvae , the 

mouthparts of f i l t e r - f e e d e r s and those larvae which a re p re ­

dominantly browsers a re almost i d e n t i c a l , except tha t in 

larvae with pec t ina te brushes other mouthparts tend t o be more 

heavily chitinissed and setae stouter* Moreover the s t ruc tu re 



Fig. 56. Q-pifex fuaous. Antenna of a fourth 
instar larva. X100. 

Fig. 57. Qpifex fuscus. Mandible of a fourth 
instar larva. X100. 
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F i g . 58 . Qplfex fuscus. Maxilla of a 
fourth 1m i n s t a r l a rva , X100. 

P i g . 59. Q-olfex fuseus, Mentura of a fourth 
In s t a r l a rva . X100. 
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'*, •« »> ! - i -v ^r ^ s l a p r a c i e r t*riau cW? i " i l v ri..* •* »i 

* , ,i - ' i i . ( ' i • -3) have u B!*irlx «a w p h *" <ri'- .1* ; 

. .-!* ' \vlf< I 'M * \ ) div i"M*'rj ; I V y x P l : * ( ( V * ) 

s i • * * , r i4~i '>i / .., Vo/̂  , M i M t r ^ s ^ .!* r r . o la J * . . », 

1*11* c . u c ^ e r ^ t v; "<,/w<. *?eP flevclofi,** sci. u ? •„„ < «- a ; ' 

0 } :< sU' >a i yaitJaiiEc*»- :. i* v e l ; j . r > \ i c o 'i*.* . i i : < , 

t h e o r y lo t on n'i-f :;S'e t h a t I t *!*ov.lo >e xo;?uif"!e*' v'- "\ i ^ t l i o i 

l u i t i l >/ •. 1-!,- -v/I.vc > n r ' ir: r ;ae ->a s c a l e s f r r r ^ *'rs ' >aj 

o r e s iapL*^ w . * >rtth, i r t s a s u v/--'oJo a r e >f ., v ^ I r a ^*>V^1 >* 

i a c i r . r u iTals g»o, J i i a u l i >a f u a o t l o r i s a s a a uiM*I*<oaL t ' j lUa ' i . ' i -

$yy.;c , -..ucl i t ^ y w e l l ;e b !vit t1!; c.ovot opt ical "^' :.':<: t a l i 

[ ' l l t c r - f i ^ U l a y f a t i e ^ ^hiof > n / t o ^ s iv-ya-acu a s yyV:A\ivOj 

it> :u* ; 'uct -.* 1::T.CT o c ^ a ^ t d t i o ^ fc-> OTtfiroa-:»enls i a ^ ?3-. SM s c o n c ­

ed ^ . u t i o l c u Cjjf.ji'Cl t h e :>ul?: >** tV; l i v u i l a o l e foo'** l a sua"" 

:u/iwi..!5 i'»r r i '>?:; 'w l ' j of t l ie b r o w s i a ? f ^ e J c r ? D n r •: a l f i -

.out .1 -* a ; ; r H u ^ t : , i . s u c r o s e "nL l a s^pr / H "., a V J > . o o l s 

,„a "1 1 1 , . . wi iMa*i . i.,s v : n ra foo:v t a a ' i ^ t c i a e t ' o ' ^ " , : ' V-• 

l ^ n t a a 1 - * or a* ours I n a or \ r i - f a feudlnf: a j , : c r : , l if" *\I *" 

t-er " I t s I ** ->:t ! o l t . , M i o o** '..* ?V~ $n\vm$ i s \ ^ ^ X < ,,r, 4c v ^ * 

Jon^i / vxentl / , i t ir ^ . n r p r i s i a c - t * <.- ; i fid :̂ " ^ >/ i v" ^ t^-4^ v - r l u t -

i o n f o ait? !;i ^,» fliiSS^lS ^ s ^^b M ^ r e wioe8>r*r-ii!» 

YJ( b̂* : / ' / : 3- r? (1 c*-) .n -Zoo*; (1 ° ) c* r i^l ^ o . - ' < ^ . ^ ^ 0 2 ; 

e x h i b i t e d /fi "I:,'\JQ ^ . ' i b r o ? t n<!win<!s r o - a r ^ o ^ I'*- w CCTHC O«J 
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n) ^i:f\h 4%TJT'^\ f^3;.lr^ >n thu v e r t e x of t>*f b c > -.:$ . f l A ^ A ' , 

v « L*' ^oob s v i nOerocl i h f'olJ owim* a s i - r i ' i t i v ^ ^ - J',-

0:r.l;..rged scapo and reduced t o r u s of the?, antennae* the 

pa i red s o r t i t i o n of jofch t he oesophageal p m g i l o i i ^/*j the; 

l a s t abdominal, gangl ion i n the a d u l t ; trie Ms t i rxa t an t eona l 

and op t i a lobes of t h e bra in^ anil t h e p resence of two sub-

onopbogoal gang l i a lit t h e l a rvae* 

Mv ^vlbcuee fr'-v: t h e ue-vons .:y^:*> :,-rc:r r ^ t y 

J'J:K: U; ./.;*• cue / k s r l y i onv ioc l r r ; , -oit i f Im'ecr i^^J^I>^i2 

i s p r i m i t i v e one would expect; polymorphism In moirchDru.shes, 

because of I t s a d a p t i v e value*. t*> have "been recorded in a t 

l e a s t BOM? o ther s p e c i e s - That ^ i f i S appears unique in 

t h i s r e s p e c t adds weight to Dimhie ton f s (1352) sof^es t io i i 

t h a t i t may not be a r e l i s t genus which has ueen i s o l a t e d 

i n bew bealanc! siriee the Cre t ae lous* but a s t r o n g l y dev ian t 

for of l a t e r o r ig in* I t i s d i f f i c u l t t o see how the 

a b i l i t y t o respond morphologica l ly t o the a v a i l a b l e ft>txl 

so ^h-t i t "ju.: ..v e x p l o i t e d nore f a t l y^ oaoe t-rto tir*1^* 

: i ch i : , ^ " r >uA ooohb ,G lorh;> i n r o t a t e d s p o i l s K:?u;y3n^ 

s i m i l a r nichog* 

r o ; ^ .- <i^s rr lh^ l .^ . fcnre s t a r c h ^ n>; v'Ii v r , 

e s p e c i a l l y i u r e l a t i o n t o temperature and foo'b* ^ i , c ot-n 

i'.v/e::tiKu^u : ; a nu*:ib</r of ainb iorn no tab ly ' h r a ^ (I ' ' "* ' )* 

bir '^nL (1*"^)* Jtiffaber f1b44) anc Violaon ^rh b/uns ( 1 * 6 0 ) . 

j-fiVf t;r ncur l tetl t h be p^ r . t u r^ r c l u ' J ^ o o<" 3'*rv::l and 



103 ~ 

and. pupil phases of Anopheles quadri^aeulates in detail, 

while Ifielsou. and Evans determined the effect of temperature 

in the duration of the pupal stage of A eel es... t.aê oyphynG.liq.s» 

In both works mathematical relationships between temperature 

and development were formulated« 

The degree of precision reached 'by Huffaker and 

Melson and Evans was unobtainable with the facilities 

available for studies on ppIfex fusous* However these 

experiments provided an adequate insight into the relation­

ship between the growth of Q« fiisous and the temperature of 

the environment« 

Methodas 

Larvae were grown individual ly in t e s t tubes 

containing 25 ml of sea water* Equal quan t i t i e s of eomraer-

c i a l f ish -food or Loef f le r ' s blood serum were added a f te r 

each water change every other dayf in quan t i t i e s suff ic ient 
t h a t 

t o ensure/a surplus was ava i lab le t o larvae throughout the 

two day period* without the cu l tu re medium becoming con­

taminated with fungal and. 'bacter ia l growths* Larvae were 

grown a t the following tempera tures : -

1* At 13°C - 1°Cf in a constant tempera tiff e hath using runn­

ing tap water* 

2* At room temperature (mean maximum 20*8°Cf mean minimum 

14*4°C)* 

3* At 25% - 2°C in a constant temperature bath* 

4 . At 27°C - 2° in an oven* 
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Fig . 60 Growth r a t e s of immature s tages of 
0 . fusous a t constant temperature. 
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Of the two fetches df larvae grown a t room temperature one 

was kept in complete darkness* except when being fed} the 

other was exposed to normal length days* 

Attempts were mrie to grow larvae in an men a t $2°Q• 

Larvae were a l so kept in a r e f r ige ra to r a t 5°C - 2°C* 

Between fifteen"and twenty f ive larvae were included 

in eaoh experiment* All the tubes were shocked da i ly when 

those larvae which had moulted in the previous twenty-four 

hours were recorded• The durat ion of the second, th i rd 

and fourth i n s t a r , as well as the pupal phase, of each 

individual animal was recorded* As each experiment was 

begun with f i r s t i n s t a r larvae the durat ion of t h i s stage 

could not be recorded* 

^eyal tss 

Growth rates at various temperatures and conditions 

of light and darkness are plotted in Figures 60 and 61 * From 

Fig* 60 it can been seen that the growth rates in the oven 

at S7°C - 2°C in almost complete darkness, and in the water 

bath at 25°C - 2°C with normal length days were almost 

identical* The small differences between the duration of 

second and third instars in the two experiments cannot he 

considered as significant* 

At all temperatures the stage of 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 

increase in r&ass, as well as la sic tissue transformations, 

so that it Is not surprising that it should require the 

longest time* 

The duration of all stages was longer at room 
at 

temperature and/13*̂ 3 than at higher temperatures* Almost 

identical rates were recorded for secondf third and pupal 
in 

stages with larvae grown in normal days and/almos* complete 

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-organisms. Bacteria 

and protozoa are known to be normal food of mosquito 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 to%ie material in the media, rather 

than to dietary deficiency• 

Previous work has shown that light is an unimportant 

direct factor in mosquito development* Thus Fielding (1919) 

found that the larvae of Ĵ edes ̂ egypti grow equally well 

in the presence or absence of light; Jobling (193?) obtained 

similar results with Aedes aegyptl, Culex pipens and £« 

fattgans* The length of the fourth instar at room temperature 

and at 13°C indicated that these larvae were near their 

lower temperature threshold for pupation* Since earlier 
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stages moulted with comparative f a c i l i t y tinder the same 

oendi t ions $ i t appears tha t the lower "threshold for 

pupation i s higher than the corresponding threshold for 

l a rva l development. Field observations subs tan t ia te t h i s 

for f whereas larvae continued to moult in South Island pools 

during winter monthsf no pupae were seen t i l l spring* 

Some f i r s t and second in s t a r larvae survived 'but 

many filed in a r e f r ige ra to r maintained a t 3°G - 2°C* Third 

and fourth i n s t a r larvae r ead i ly to le ra ted t h i s temperature 

surviving for several months but no pupae survived more than 

th ree days* No larvae exhibited any signs <f development 

a t t h i s temperature* 

Abi l i ty t o withstand low temperatures i s necessary 

for animals inhabi t ing s u p r a l l t t o r a l pools which follow 

f luc tua t ions in atmospheric temperature more c lose ly than 

larger bodies of water* 

Attempts to r a i s e larvae a t 32°G were unsuccessful 

owing to contamination of cu l tu re by micro-organisms. 

Larvae survived between Ins tars* but died immediately a f t e r 

moulting* That larvae could t o l e r a t e higher temperatures, 

a t l e a s t for short periods* was apparent from f ie ld 

observations*, vh ioh revealed temperatures as high as 56 C 

in pools containing Q* fuscus* 

Mouthbrush types were examined af te r each moult 

during growth experiments* There was no tendency for larvae 

with one type of brushes to develop fas te r than those vAth the 
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other* Bather the type of brushes most su i t ab le for the 

u t i l i z a t i on , of the ava i l ab le food was developed• 

4«6*8 Sa l in i ty Tolerance of Qplfex fusous* 

Qmfex fusous occurred in a l l pools from Which 

s a l i n i t y data a re recorded in sect ion 2*3* The m.%iymm 

recorded s a l i n i t y was 90*9°/oo f the minimum 0*40°/oo« 

Dumhleton (1962) observed tha t 0* fuse us- bad been bred from 

a freshwater stream a t Murray*s MistakOf Bank?? peninsula* 

Larvae were a l so found in a land locked, lagoon a t Moeraki, 

North Otago* 

Experiments on the s a l i n i t y to lerances df 0* fusous 

were undertaken in the labora tory . 

Methods: 

Larvae were grown indiv idual ly in tubes containing 

solut ions of a wide range of sa l in i ty« The react ionsof 

larvae to each solut ion and t h e i r a b i l i t y t o withstand 

t ransference from one solut ion to another was recorded* 

Solutions used, during experiments veres 

1* D i s t i l l ed water• 

2* Tap water* 

3* Sea water diluted to 3°/oo with tap water* 

4* Sea water diluted to 18°/oo with tap water* 

5. Normal sea water* 

6* Artificial sea water prepared by the method developed 

by Dakin and Edwards (1931) and used by Woodhill (1936) 
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for experiments on the to lerances of ledes {P) a u s t r a l i s . 

The following quan t i t i e s of s a l t s were f i r s t added to 

900 ml of d i s t i l l e d waters 28,15 gra NaCl, 3.67 gr rs»l, 

5.51 m Mg01o, 6.98 gra IlgSO,, 7Ho0. When ttie-e Sal ts 

were dissolved, 1*45 grn of CaClpt 6H^0 was added, followed 

by 0*25 gm NaHCOg* Following the addi t ion of a t r ace of 

iodien the whole was made up to 1000 ml with d i s t i l l e d water* 

With a s a l i n i t y of 3S*7°/eo the physical and chemical, pro­

p e r t i e s of the so lu t ion c lose ly approximated na tura l 

seaw&ter* 

7, A method suggested by Dr» R*L*C* Pilgrim (pers* c « a , ) 

was adopted for the preparat ion of concentrated a r t i f i c i a l 

seawater* The composition of- the solut ion was 

« • « « « » « « » • • • * « • < ! » # • 1 • S IBJL 

• « * * * * « e « # * » * • # • * # 2 # O ITlJL 

• « # * « « # * # 0 « * » » « < » « « t o i \ . )Q*o mx 

Its concentration, in respect to the niajor cations^ was 

four times that cf seawater. Any required lower concen­

tration was produced by dilution with K/400 NaHCO^* 

Commercial fiah food, was fed to all larvae in 

salinity tolerance experiments. 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 minutes before 

KOI 

CaClg 

A2\ 
WaCl 

2.4M 

1.6M 

1.6M 

2.4M 
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being f i n a l l y shif ted to another tube containing a similar 

solution* Ten larvae were used in each experiment* 

Results% 

1« All stages survived and developed in distilled 

water• The addition of fish food would have supplied same 

salts, but the tolerance <f Oalfex fuscus larvae for 

negligible salinity was remarkable* 

2* The immature stages of 0# fuscus all developed in 

tap water, seawater diluted to S°/oof 18°/oo, in normal 

seawater and in artificial seawater (35.?°/oo)» 

3* Ho larvae survived direct transference from 

distilled water to normal seawater, but three out of ten 

survived a change in the opposite direction* All possible 

combinations of changes cf larvae between tap water, and 

salt water of salinity of 3°/oo, 18°/oo and 35°/oo 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°/oo to 

?0°/oo« All twenty third and fourth instar larvae survived 

a similar change. Ten larvae of each instar were transferred 

from artificial seawater, 35°/oo to 105°/oo but only one,a 

fourth stage, survived. When twenty first and second instar 

larvae were moved from artificial seawater, salinity 35°/oo 
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through solut ions of 4S°/oo and 85°/oo, reisainirr in each 

for several hours$ t o 70°/oo f four f i r s t stage and seven 

second stage larvae survived* 

5* Larvav- vmre kept in a dis-> to /Idon nopr^l ^ . ^ . t c r 

was added as the volume f e l l with evaporation* I t tYH wuy 

the s a l i n i t y gradually increased while the volirie :>C w f̂cer 

within the d ish was Irept approximately constants Orowth 

arid metamorphosis continued lanti l the s a l i n i t y rr;.shoc appr-v-i-

m t e l y 130°/oo# After tha t no larvae pupated hut adu l t s 

ei&argod from pipae present* When the l a s t of the larvae 

died the s a l i n i t y was between 160 and 1?0°/oo* I#ac> of 

snf<*icic~nt food WHS unl ikely t o have bean a priKiary clause 

of death as larvae a t lower s a l i n i t i e s were Kept for months 

without heing supplied with food* 

Dl sens sit^as 

These experiments confirmed f ie ld observations 

showing tha t Qi>lf«s. fusous has wide s a l i n i t y tolerance and 

powers of accl imat izat ion* l a t h i s Q p i J ^ is not unique 

for inosqnitoes occupying s imi lar niches elsewhere behave in 

a litee manner (King and del Hosaria 1935 $ Woodhlll 1936, 

Jeadle 1939, -a rga le f 1949, I lorsfal l 1949f O'Gowor 1960). 

gfiif,e3c ft^ffiig, resembles ^edes {Ar-wnlo.glitse^) 

c;u sera, l i s in tr at the s a l i n i t y tolerance^ ant' rspjers :>f 

ar»,!lioaui^iti -*if of f i r s t stage larvae arc "?ê :* V - n t >o?e 

of fourth s tags larvae* CMGower showed tha t fourth l u s t e r 
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larvae of A* aus t ra l l s could to lera te sa l in i t i e s up to a 

roaximtim of approximately 240°/oo which i s greater than the 

recorded naxinrum of Q», fascus* 170°/oo* Sal ini t ies in 

Australian supral i t toral pools are l ikely to reach higher 
l a 

values more frequently than/lew Zealand pools,and hence the 

tolerat ion of high sa l in i t i e s would be more c r i t i c a l for 

4» at is trai ls than 0» fuscus* The tapper sa l in i ty threshold 

for pupation is below the survival threshold for both 

species also* hut again the value for A» australls is higher 

than 0, fusous* For A> australls Woodhlll (1936) found 

that the maximum salinity for pupation was 800°/oo# The 

corresponding value for 0* fuscus was 1S0°/oo* 

Osmoregulation in mosquito larvae has been 

investigated in detail by Wlgglesworth (193Sf 1938)$ Beadle 

(1939f and Ramsay (1950)# Wlgglesworth demonstrated that 

the anal papillae (or flgill#!) of fresh water species function 

for the absorption of waterf and there is some evidence that 

the mechanism by which they can concentrate chloride from 

very dilute solutions is seated in these gills* neither of 

these functions is required in saline waters,and species such 

a s Q« fusoi^ have much reduced anal papillae* The possession, 

of large gills permeable to water would proveaa positive 

disadvantage under such conditions* Beadle, studying the 

saline water species jiedes detritus* found that its very 

small anal papillae were impermeable to water and salts* He 



Fig* 62* Transverse section (somewhat oblique) 
through rectum of 0» fuscus showing 
transition from anterior epithelium 
a, to posterior epithelium, b» 
C, trackeaL trunks. 
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found tha t s a l t exchange with the environment took place via 

the gut f the body, surface being impermeable t o s a l t s and 

water* Ligature experiment suggested tha t the Halpighian 

tubules excreted sa l t* . In sea water of varying s a l i n i t y 

A. d e t r i t u s regulated both the t o t a l osmotic pressure and 

the chlor ide content of- the haemolyph, while in hypotonic 

solut ions and d i s t i l l e d water much chlor ide was l o s t , but 

t h i s was compensated by an increase in the non-chloride 

fraction* -Subsequently-Ramsay (.1950) found tha t A»^,dftritus^ 

unl ike the normally fresh.'water species , A*, aegypti* produces 

in sea water a f lu id in the rectum which becomes hypertonic 

to% the haemolymphf and approximately i so tonic with the 

ex terna l medium, before' being .eliminated* In fresh water , ' 

r e c t a l f lu id of A*, d e t r i t u s was hypotonic to tho haemolyinptw 

Ramsay t e n t a t i v e l y associated t h i s a b i l i t y of 4«. de t r i tus» not 

possessed by 4* ae^ypt i f to produce a hypertonic f luid in the 

rectum, with a region in the an t e r i o r par t of the rectum 

lined with an ep i the l iumdis t lnc t ly d i f fe ren t from tha t in 

the reminder -of the rectum* 

Q smor effulff t ion ir i n, r Op i f ex - fuscus 

Sections of fourth l n s t a r .P.*.. fuscus larvae cut a t 

10 -• and stained with Delaf ields Haeraatoxylin showed tha t 
that of 

the root-am of 0» fuscus (Fig, 62 ) llkyA* detritus 

is divisible into two histologically distinct regions. This 

indicates that osmoregulatory mechanisms in the two species 

may be similar# 
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4»6«7BesiDiration 

Wood (1929) examined, and figured the l a r v a l 

t r achea l system in de ta i l« The t rachea l trunks in l a t e 

stage larvae a re very l a rge , t h e i r breadth being such tha t 

they extend half way round to the ventra l surface* Although, 

in the niajority of mosquito species larvae regula r ly come 

to the surface to breathy r e sp i r a to ry 'behaviour i s varied* 

I t I s c lear tha t a ce r t a in amount of respirat ion, continues 

even when larvae a re deprived acoess to the surface; such 

r e s p i r a t i o n i s probably a function of the general 

integument (Bates 1949), since Wigglesworth has shown tha t 

the so..called anal g i l l s function for the regu la t ion of osraatlc 

pressure a t l e a s t in species in which they a re well developed* 

The larvae of the North American species Psorophora discolor^ 

which has very large anal g i l l s , never come to the surface 

for a i r* Larvae of a l l species of Mansonia der ive t h e i r 

a i r from the roo t s of water p l a n t s , which they pierce by 

means of the saw apparatus in the siphon* 

The re sp i ra to ry behaviour of fourth Ins ta r Qpjfex 

fuscus larvae was examined• Experiments were designed to 

determine the reac t ion of larvae to depr ivat ion of access 

t o the water surface . 

The a c t i v i t y of a fourth in s t a r larva was observed 

by placing i t . in a measuring cyl inder containing 25 ml of 
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Fig* 63 Activity of a fourth instar larva, 0*j fuscus, introduced into a tube 
containing 25 ml* of seawater* The [tube was 10 cm* in height* 
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seavater 'Without any solid food* Every ten seconds the 

pos i t ion of the larvs in the cyl inder was noted &n£ the 

r e s u l t s p lo t ted as an aeto~raph# 

To to s t the effect of the deprivat ion of assess 

to trie water*~air Interface twenty larvae were 'Laced in 

individual tubes containing 25 nzls. of seawater* A close 

f i t t i n g plug of f ine nylon mesh was then placed below „">€• 

water surface in each^tube, confining the larvae below* 

Jieaul.fr.g 

The activity over a fifty minute period, is plotted 

in Fig. 631 each section representing a ten minute period.* 

When the larva %ra$ first placed in the cylinder, represented 

by the first section of Plg*63 it was most active* rapidly 

moving tit and dowi the tube in an exploring reaction* After 

about five minutes the larva settled down and during the next 

five minutes only twice moved to a little norm than halfway 

wp the cylindert but in the:subsequent, ten minutes it 

continued to raove freely about * For the followitr twenty 

minutes the larva, remained in the bottom few centimetres, 

almost im'.obiie apart from the filtering mo--eoeriis -if its 

mouthwashes* Succeeding this was a period, of increased 

activityt :>vi not of the intensity of the initial movement$• 

During the whole fifty minutes the anal .siphon 

pierced the surface only three times, after two minutes 

1M ersion, eleven minutes and eighteen minutes* The larva 

rcr-cined belo\r the surface for the rmmixiim- thirty two 
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minutes of the- experiment* 

On another occasion a fourth i n s t a r la wo \nxx 

observed for one hour &n& twenty minutes without ^ v j . ? .• * , 

surface. vJo-wcrsely, in a quarter hour period a oi- 11.-< 

larva surfaced twenty three times* 

1*1 eV* observations confirmed that tlK frequency 

*/i/*.h vhis*4 1: rvrto surfaced was ^o^t var:htVle$ as trui tv-o 

I;in for uhl^h they r e f i n e d a t the surface• o"cc-t lavvac 

ror.ain*:d for fvro or three ninufces s t i r fa^cf^ i^ *a-*5 it" tScy 

^reathod f v/hi'.o a t other t i n e s the siphon WOBM >i*>rc*e the 

surface for inly a $c%on$ or two* Pupae novo*' ?'***vô  an 

the surface for \orc than a few seconds t e^eect -*f^> '̂ .c-v ?*<*•*. 

ready to emerge* 

Of ten fourth lns t a r larvae deprived of access to 

the surface, a l l survived for ty e ight hours* 'mt eight were 

dead a f te r s ix ty hours* One of the survivors died a f t e r 

190 hours of submersion hut the other lasted tinder the surface 

for 570 hours* li?our f i r s t inn ta r larvae in Vac ra »o 

eXj.criuent.^ L-^iee betv/een. £0 ouif 110 hours e*tri:i J^iob t i x 

they nmlteO* '-one of nir th i rd ins t a r larvae KvrrlveO uoro 

thau 4 8 hours• 

tthe la rge volume of the t racheal tr imly z&n •••e 

corre la ted with the a b i l i t y of 0.>,,lfex.urfns^s larvae to re-a^o 

submerged for lorp; periods* ,\r\r*rr mosquito l awje^ v*Mo<> 
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a r e ticiraally su r f ace b rea the r s , . CU .fn&nss ir; ao t unique i n 
l ? : i s ch i l l i , - / , iiOr^f^.l"! (1955) ree'0*<M!V t h c t Jnrv^e of J,edes 

£o::h:.,^i I'uvc ;%>PJPY1VCV; c*-»njal of aeries* l"> the sur face for 

i r . j 1 ; ' 6^0 h ^ r s , i ^m*iii/iy ftasou'* exehanpe t o o t pla$e 

\ ' iv^ « 't LL 1 '^e-gunent oT <̂« this 014s while- stib::ieT^f>% ;?ut *>n 

su-v^rul *rj :-<Pierist hrrth Vi tho l a b o r a t o r y ami the fiel**, V'--'.-

/Hi ves of l1^ *tr!;on wo; o ^ . / ' e rvw In c o n t a c t wi th a i r 

<"! !>IGS arherj . i : : t c ^biecr;s clow t h e s u r f a c e ; so r.hosc-s t:>:^ 

were jTDtXili-ly n^cd as a soiu-so nf oxygen* 
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CHAPTER 5 

SOtJKARY 

In reviewing previous work on supralittoral pools 

in the Introduction it was observed that littoral eeelogists, 

in concentrating on describing and accounting for the 

vertical and horizontal distribution of shore biota have 

given scant attention to poolsf treating them as essentially 

anomolous situations brought about by shore physiography* 

Many of the specialized studies on pools have been confined 

mainly to tide pools (sensnstrletu)* Investigations of 

supralittoral pools have often been restrictive in time* 

number and variety of pools studied, and in geographical 

areas embraced• 

This study of some supralittoral pools of New 

Zealandf$ coasts, the first intensive one of Its kind under­

taken in the Southern Hemisphere, was designed, firstly, to 

provide an insight into the more important physical 

properties of the pools, A sufficient number and variety 

of pools, over 500 miles of coast n&g included within the 

survey to enable distinction of Icca^ variation from geographical 

differences* By extending the studies over a year seasonal 

oscillations in properties were determined. 

Examinations of shore physiography showed that 

planationwas proceeding at different levels along the same 

shores* On more exposed coasts, especially lower on the 
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shoref rook abrasion and wave quarrying were found to be the 

most important agents of erosion* Where coasts were more 

sheltered, and particularly in the supralittoral, water* 

layering and solution benching have been the dominant 

processes* While water-layering has been chiefly responsible 

for widening supralittoral pools, mechanical abrasion has 

played an important part in their deepening* The physiography 

of coastlines, and of the pools along there, has been strongly 

Influenced by rook type, and investigations by.Emery and Joly 

have shown i&hat in suitable rock, solution nsay.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 conditions, 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, which was exhibited by almost all 

pools studied* Its extent was most variable* Water of lower 

salinity coming to overlie more saline water was established 

as the cause of density stratification within supralittoral 

pools* Other external and internal disturbances acted towards 

the restoration of homogeneity within pools* 

http://nsay.be
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Supralittoral pools can be usefully classified 

under the Venice System for the Classification of Marine 

Waters according to Salinity, recently recommended for 

ur&rersal application* Using the Venice System terminology 

all pools studied were poikilohaline* Larger pools were 

usually mixohaline, smaller pools euhaline or tayperhaline* 

However as pool salinity variedy both in time and with 

depthj any classification of pools according to salinity 

must be accepted with caution* 

Temperature properties of supralittoral pools were 

in many ways similar to their salinity properties* Again 

fluctuation was the chief characteristic, temperature often 

being markedly different in adjacent pools at one time* Air-

temperature fluctuations were reflected more closely in pools 

than in the sea, and more closely 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 warmer* Mean 

temperatures of pools differed with situation and dimensions as 

did salinity* 

During the day most supralittoral pools were 

supersaturated with oxygent whether they supported growths 

of filamentous 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. 
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decreasing through the r e s t of the day and aight t a f a l l t o 

a minimum a t sunrise* 

The recorded range of pH fro© the pools was 6 J 

to 9*8, with a mean of 8*5* Some co r r e l a t i on was observed 

between pH and oxygen tens ion, high and low value <f both 

occurring together« 

Sup ra l i t t o r a l pools studied were remarkable for 

the d ive r s i t y am? v a r i a b i l i t y of t he i r physical proper t ies* 

In most pools , if co lonisa t ion i s t o he successful , species 

must "be t o l e r an t of a wide range of condit ions* Hot 

unexpectedly, the biota <£ most pools was l imited to a 

few spec ies , although where condit ions were more s tab le and 

favourable, e«g* Pool G32, the re was a wealth of species 

almost every major phylum in the Anteal Kingdom being 

represented* The few species well adapted to the supra-

l i t t o r a l pool environment were often present in very l a r r e 

numbers. 

Bnteromort'fca was the most common germs of filamentous 

a lgae in s u p r a ! i t t o r a l pools* I t s abundance reached peaks 

in autumn and spring* The most important fac tors influencing 

the occurrence of algae in rook pools were the permanency of 

pools and t h e i r exposure to the influence of the sea, a lgae 

being nost abundant, in permanent pools most exposed' to the 

sea action* 

The fauna of s u p r a l i t t o r a l pools was found to he 
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controlled, by the same se r i e s of fac tors as the f lora ; -

exposure to the sea, permanency and dimensions being the 

most important* Most of the other l imi t ing proper t ies of 

pools stem from these . Sa l i n i t y and temperature, as 

pr imari ly l imi t ing f ac to r s , have been over-emphasised hy 

previous au thors . The temperature proper t ies of pools are 

c lose ly reflated to fcheir dimensions, which together with 

exposure la rge ly cont ro ls sa l in i ty* Density s t r a t i f i c a t i o n 

provides a v e r t i c a l range of s a l i n i t y , but there m s no 

evidence of species being res t r ic ted , to c e r t a i n l eve l s 

\jitfrin pools . No s ingle factor can foe considered as 

cont ro l l ing the biota of supra l i t to i fa l pool^* Rather, a 

va r i e ty of fac tors i n t e rac t to' produce a unique environ­

ment within each pool* The outstanding feature of pools of 

the s u p r a l l t t o r a l zone i s d ivers i ty* 

Although the syste&atics arid morphology of Op i f ex 

fi^scuff hati received considerable a t t e n t i o n , l i t t l e was known 

of i t s biology apar t fron Ki rk ' s vorl: on mating behaviour* 

Studies on the physical ecology of s u p r a l i t t o r a l pools , in 

Chapter Two, provided an ins ight in to proper t ies of the 

environment of the immature stages of 0* fuseus# In t h i s 

environment the mosquito may he associated with a va r i e ty 

of algae and animals but few exhibited as wide a range of 

to lerances as 0» .fots.ous* 

KirkfB observations on the pecul iar rating hab i t s 

file:///jitfrin
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o f °» fusous have been confirmed and extended* The 

significance of this mating behaviour lies in the reduction 

of the time between maturation of the females and tbeir 

fertilization to an absolute minimum* For an animal lining 

in a temporary environment the conservation of time in. the 

completion of its life cycle is of considerable importance* 

Eapid and efficient fertilisation of available feisales is 

ensured fay their precoclousness, and hypertrophy of the male 

sex instinct, so that there fe minimal wastage of reproductive 

potential within populations,, 

The essential criterion of oviposition sites was 

that they should he moist. • Eggs were laid just abo^e the 

\mlez surface, rock crevices being preferred, but if they were 

not available a variety of moist surfaces served as suitable 

substitutes. On submergence eg^s hatched within twenty hours, 

provided they had been suitably conditioned* Judson 

established that the actual hatching stimulus for aectine 

mosquito eggs was decrease in oxygen tension of the 

surrounding water, and field observations and laboratory 

experiments indicated that CU fuscus eprs hatched in response 

to a similar stimulus* The oviposition behaviour and. hatching 

mechanism ensure; that larvae were only introduced into pools 

which have recently increased in volume, thus giving larvae a 

better chance of surviving through to maturity without pools 

drying up* 

Differences in larval densities, both between pools 

file:///mlez
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and within each pool, over periods of time were due to 
the 

differences In/numbers of eggs hatchingf and numbers of 

individuals metamorphlslng* Qpifex .fusous populations 

were at a peak during February* declining to a minimum by 

July* Pupae and adults were absent from South Island pools 

from June to September• Although the papulation density 

in r«ny pools was very high during summer monthsf severe 

reduction resulted$ both from the drying up of poolsf and 

flushing by heavy seasf several times during the year# But 

the populations were almost always re-established from 

quiescent eggs lining the pool margins* 

Examination of gut contents revealed, that first 

instar larvae gained most of their nourishment from yolk 

enclosed within the hindgut* The other three instars 

contained an assortment cf diatoms, unicellular green algae, 

protozoa, filaments of blue green alga, detritus, sand, 

and even fragments cf 0* fuscus larval cuticle within their 

gut* Bacteria and yeast probably form an important part 

of the diet of 0» fuscusf and mosquito larvae are known to 

be able to grow on materials in solution only* 

One of the most significant findings to emerge from 

this study was that Op if ex ...fuspus larvae may develop pectinate 

or simple types of mouthbrushes in each instar, depending on 

the particle sise and accessibility of available food* In 

this Q»..¥fusgugj is unique among the Culicidae, It has been 

clearly established that this balanced polymorphism is 
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biologically rather than genetically controlled* A balance 

is maintained between the two polymorphs, so that the available 

food may be exploited. ID the best advantage of the population* 

The presence and efficient functioning of simple filter-feeding 

types of raouthbrushes in association with other mouthparts of 

a typical browsing facies* suggests that the full filter-

feeding facies Biay not he primitive as Surtees postulated3 

hut a later adaptation to environments in which suspended 

particles formed the hulk of the available. food# Doth 

Edwards and Wood considered 0»n fusees exhibited, primitive 

features* If their evidence is accepted the mouthparts of . 

Q« fuscus larvae may be regarded as resembling the ancestral 

formf from which the full filter-feeding faciesf and the 

complete browsing facies are specialisation in diverging 

directions* On the other hand the apparent absence of the 

clearly advantageous mouthbrnsh polymorphism from genera 

which are considered Qpifex * s closest relativesf and which 

occupy similar niches, adds weight to Bumbleton's suggestion 

that pp if ex tnay not he a relict genus, but a strong deviant 

of later origin* Before any firm conclusion can be reached 

more detailed study of the larval morphology and biology of 

other generaf especially of the Chatham Islands Ancles 

(Ilo^hostose^) Pumbleton* is required* 

The results of the growth rate studies of the 

iû '.ature stages of Qp^fe^ fuscus closely conformed to those on 

other mosquito species* Provided larvae were adequately fed, 
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rates of growth increased with temperature* Light had no 

effect on growth* As well as being the stage of longest 

duration at all temperatures, the fourth instar was most 

affected by changes in temperature* The lower threshold 

for pupation was below 13°Cf hut above 5°0* 

Qpifex functus larvae exhibited, remarkably wide 

salinity tolerances and powers of acclimatisation^ being able 

to withstand distilled, water as well as salinities up to 

1?0°/oo* It was not as toleralant of high salinity as its 

Australian counterpart Aede$ austral is Which has 'been reported 

from, salinities of 24Q°/oo* Like A» austral is . the salinity 

tolerance and powers of aeelimltisatlon of 0*. fiiseust first 

stage larvae are less than those of fourth stage larvaef and 

for both species the upper salinity threshold for pupation 

is below the survival threshold* 

Histological evidence indicates that osmoregulatory 
those in 

mechanisms in Qpjfex fuscus are similar to/̂ e-des detritust 

salt exchange with the environment taking place via. the rectum• 

Experiments showed that the frequency with which 

the anal siphon of 0, fuscus larvae penetrated the water 

surface was tiost variable* One larva survived deprivation 

of access to the surface for 570 hours* Clearly some 

exc'tange took place through the larval integument* 
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concmsioN 

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 sone otherwise noted for its uniformity* 

The animals which have successfully colonized 

supralittoral pools are often present in large -numbers, for 

their competitors are few. 

Qpjfex 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 parts of the 

world; e«g« the oviposition behaviour and probable 

hatching mechanism, salinity and temperature tolerances; 

but in many respects 0* fuscus is a peculiar and aberrant 

mosquito, not only structurally as Edwards, Miller and 

Wood have shown, but also biologically with its remarlrable 

mating habits, first described by Kirk, and the unique 

balanced polymorphism of the larval mouthbrushes* 
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AfFEippc 

THE WINKLER METHOD. 

This method employs the oxidation of manganous 

hydroxide, by dissolved oxygen to give tetravalent 

manganese. Upon acidification in the presence of iodide 

ion, free iodine (or I3""ion), is formed, equivalent to the 

amount of dissolved oxygen, 

Mn** *• 20BT -* Mn(OH)g 

2Mn(0H)2+ 0 2 — - * 2 Mn0(0H)2 

Mn(OH)g + 2H+ > Mn"*" 2H20 

Mn0(0H)2 + 4H*+ 31" • Ma+* * I3" * 3Hg0 

The complex iodine-iodide ion (I3"") thus released is then 

titrated against thiosulphate solution using starch as 

indicator. 

h~*' 2 W > 3I" * S4°6" 

A committee of the Association Oceanographie Physique on 

Chemical Methods 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 lf«T*P* dissolved in a 

similar amount of water* The molecular volume of 0 ? 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 iaterconverted as follows: 

11.1965 x mllllgraai atom/li tre = m l / l i t r e . 

To convert oxygen concentrations to parts per million 

iag-a/li tre = ml / l i t r e 

17-1965 mg - a / l i t r e / m l / l i t r e = 0.179144 gm/1 

= 179.144 gm/10001. 


