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SYMBOLS 

Throughout this thesis the following symbols and 

abbreviations have been use::i: 

:,•: = P '•,_ Oa05 

:,•c~•: = P ,> OaOl 

~•:l':~•: = P :> OaOOl 

n = number of observations 

s = standanl deviation 

t = students t 

r = vali.e of the corirelation coefficient o 



"There is something faaainating about saience. 

One gets such whotesal,e returns of conjecture 

out of such a trifling investment of fact." 

Mark Twain 



INTROOUCTIO"~ 

New Zealand is a country richly end<J.,Jed with lakes of 

all kinds , yet apart from sane pioneering surveys (e.g. 

Cunningham et al 1953, Flint 1938 , Stout 1969, Jollyl968) 

and a few more detailed recent studies (e.g. Fish 1970, 

Barker 1970, Olapman 1972) very little is known about their 

detailed limnology or of the biology of the plant and animal 

species inhabiting them. The South Island is characterised 

by having many large, deep glacial lakes, and a lesser 

number of smaller bodies of water, supporting populations of 

various species of the copepod genus Boeake1,1,a. In the 

North Island there are fewer larger lakes, and most of 

these are concentrated in the volcanic region near the centre 

of the Island. Elsewhere smaller bodies of water are more 

characteristic, and particularly in the far north and 

along the western coastline the most important and corrunon 

of these are the sand-dune lakes. In contrast with the 

South Island, species of Boeake1,1,a are relatively less 

comnon and in most of the smaller lakes , as well as the 

majority of the larger central ones their place is taken 

by the small centropagid CaZamoeaia iuaasi which is 

usually the daninant zooplankter whenever it occurs. 
,. 

However, only two studies have been made of its biology. 

Barker (1967) studied some aspects of its seasonal cycle 

in Lake Pupuke, a eutrophic lake near Auckland, and 
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recently Chapnan (1972) has made more extensive investigations 

of these aspects as well as of population dynamics in Lakes 

Rotorua and Rotoi ti, two large mesotrophic lakes in the 

centre of the North Island. 

The study upon which this thesis is based is the first 

of the ecology of C. Zuaasi in an oligtrophic lake, and was 

mainly concerned with the copepod's seasonal biology, 

population dynamics and production in one of the northern 

sand-dune lakes. As well as these aspects, the general 

limnology of the lake and the cycles of phytoplankton were 

considered in sane detail, not only because of the 

importance of the environment in determining most limnological 

cycles , but also because of the lack of knowledge of the 

general limnology of this important class of New Zealand lake. 
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lAKE OTOTQl\ 

Lake Ototoa lies about 50 miles north of Auckland at 

306 30' Sand 174° 14' E in the extensive series of sand 

dunes which border much of the west coast of the North 

Island. It is situated on the south head of the Kaipara 

harbour, a peninsular of land separating the Tasman Sea 

fran the harbour itself, and to the west, north and east 

the lake is never more than 5 km fran the sea. 

Ferrar ( 19 34) believes that the dunes in the region 

of the Kaipara harbour are of two series, both formed 

during the Pleistocene. The older (Kaihu) series to the 

east have becane consolidated as a yellow, sandy soil 

which is now extensively fanned, while the younger, darker 

and less consolidated series near the coast is being 

covered by dri:'fting sand. Plantings of toetoe (Cortaderia 

aonspiaua) and spinifex (Spinifex hirsutus) have been made 

in an endeavour to consolidate the dunes, but in many 

places they are still constantly encroaching eastwards. 

The whole coastline is characterised by the formation 

of lakes where the valleys of streams draining the 

consolidated dunes have been blocked by advancing sands. 

The lakes tend to be elongated and orientated with their 

longest axis in a north-south direction. The valley sides 

are steep and often there are dendritic side branches where 

small stream valleys have been flooded. Lake Ototoa is the 

largest and deepest of these lakes, many of the others 

being shallower because of filling by wind blown sand 

(Cunningham et al, 1953). 
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Fig. 1: Hydrographic map of Lake Ototoa showing 

the location of the sampling stations. 

Contour interval 4m. 



300m 



A bathymetrical map of Lake 0totoa compiled in 1970 

frc:m ed,o sounding traverses (Irwin 1973) is shown in 

Fig 0 L A 4-metre contour interval has been used in this 

figure, but the areas enclosed by 2-metre isobaths have 

been calculated fra:i the original chart with a canpensating 

polar planirneter (Welch 1948) and these and other rrorpho­

metrical parameters are given in table 1. 

The lake is rectangular in shape, and the deepest 

regions are located to the east where the basin slopes 

steeply down fran the Kaihu sands, while there is a much mere 

gentle slope up towards the westward dunes. Drifting sand 

is encroaching along the central western shore of the lake, 

and the coformation of the basin probably results fran 

gradual filling by an inflC!d of windborne sand from the 

west o The surrounding countryside is quite high with steep 

hills or dunes on all sides except the south and north, and 

this configuration funnels winds along the length of the lakeo 

The strength and persistence of these winds is strikingly 

illustrated by the lopsided heads of the lakeside manuka 

scrub ( Leptosperm'W'fl saopari'W'fl) • The gra,rth of these trees 

is severly inhibited on their southern side, yet is quite 

luxuriant on that facing north. 

There is no outlet stream and the lake is apparently 

fed up by seepage and a few small seasonal rivulets~ 

During the study period there were no large fluctuations 

in the lake level, but a gradual drop of about 1 metre 

occurred over the summer of 1969-70. 
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Plate 1. 

Above: A view of Lake Ototoa from the western sand 

dunes, looking northward over station C. In 

the foreground are clumps of the Toe-toe, 

Cortaderia conspicua. 

Below: The southern half of Lake Ototoa from the 

west, overlooking station B (left) and 

station A (centre). In the background are 

the consolidated Kaihu dunes. 
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DEPTH .A..REA OF CONTOUR VOLUME OF STRATUM 
(m) (m 2 10 6 ) Cm 3 

X 10 6 ) (% of total) X 

0 1.623 
2 

3.072 15.39 
1.451 

2,791 14.99 
4 1.340 

2.574 12.90 
6 1.234 

2.339 11.72 
8 1.106 

2.092 10.49 
10 0.987 

1.857 9.31 
12 0.871 

1. 629 8.17 
14 0.759 

1.362 6.83 
16 0.605 

1.021 5.12 
18 0.421 

0,673 3.37 
20 0.258 

0.368 1.85 
22 0.119 

0.140 0.70 
24 0.037 

0.033 0.16 
26 0.005 

Total Volume 19.951 

Mean Depth 12.29m. 

Table 1: Some morphometrical parameters of Lake Ototoa. The 

volume of each stratum was calculated using the 

equation V = h/3(a1 + a 2+ va1a 2 ), where h = the 

depth of the stratum, a 1 = area of the upper surface, 

a 2 = area of lower surface. The mean depth (z) was 

calculated using, i = VIA, where V = total volume, 

A= surface area. 



The littoral vegetation consists mainly of the sedge 

Eleocha:ria aphace iata# which forms na.rn::w bands around the 

shore. It is moderately canmon in the less steeply sloping 

and shallower parts of the lake, in the northern and eastern 

arms and along the dune face to the west. The main submerged 

aquatic is Chara austraUs which is abundant along the 

southern edge to df;pths of between 10 and 15 metres. 

The small goby (Gobiomorphus austraUa) is carrnon, 

especially in the shallow bays, but skin-divers found them 

over the deep central basin, the floor of which is covered 

with a loose sandy mud. Smelt (Retropinna retropinna) were 

also seen on one occasion. Beds of the mussel liyrid.e Ua 

menzies ii are carrnon as is the freshwater crayfish Paranephrops 

p Zani frons • 
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CLIMATE 

Observations made at the Woodhill Forest meteorological 

station are surmnarised in Figc 2 c This station lies near the 

coast (36° 44'~, 174° 26'E) about 20km to the south of Lake 

Ototoa in the same belt of consolidated sand dunes, and the 

conditions are likely to closely approximate those at the lake. 

Oceanic influences daninate the climate in this area, temperatures 

are mild, winds frequent, moderately strong and variable. The 

islands of New Zealand~ positioned in a belt of predominantly 

westerly airstreams that are characterised by a alternating 

sequence of anticyclones and low p;r:essure troughs. The anti­

cyclones may cross the country at approximately weekly 

intervals and the la,,, pressure zones often give stonny weather. 

There is plenty of cloud, but because of the disturbed air­

streams it is seldan maintained for any length of time, and the 

country has a high amount.of sunshine (1800 - 2400 hrs. per year). 

Mean temperatures, average cloud cover and total rainfall 

have been derived for 5-daily periods , while winds are daily 

averages . Mean temperatures were calculated by taking the 

means of the daily maxima and minima and then averaging the 

two. 

'TI1e annual range in average air temperatures was small 

( 14. 2°c) , the minimum being 7. 6°C in July and the maxi.mum 

21oa0 c in January and March. Average monthly temperatures 

fran the ~Joodhill station over a ten-yearly period ( 1950 -

1960) (Gerlach 1966) are shown together with those of 1969 - 70 

in table 2. It can be seen that although the autumn and 

winter months were a little colder than average, spring and 
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Fig. 2: Weather conditions, from March 1969 to 

March 1970, at the Woodhill Forest 

Meteorological station, to the south of 

Lake Ototoa. 
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MEAf J TF:MPf..RATURES 

(oC) 

MOH'IHLY RAINFALL 

(cm.) 

10 yr,. AVERJ¥:;E 1969 - 1970 10 yr. AVERAGE 1969 - 1970 

Mar. 

A;;ri. 

May 

Jm. 

Jul. 

Aug. 

Sept. 

Oct. 

Dec. 

Jan. 

Feb. 

Mean temp. 

( 1950-1960) (1950-1960) 

18,1 16.4 7.9 

15.8 14.8 10.7 

13.6 13.2 13.2 

11.6 11.0 14.0 

10.1 8.6 14.2 

10.9 10.6 11.9 

12.1 12.8 9.9 

13.8 12. 7 10.4 

17.1 18. 3 8.4 

18.7 19.7 8.6 

19.6 17.9 10.4 

14.7 14.3 Tot.Fall.128.2 

Table 2: Mea.-ri tera.per-ature and total monthly 

rainfall at Wood.hill Far'est between 

1950 and 1960, an:i during 1969-70. 

2.6 

11.0 

17.4 

12o2 

8.3 

1208 

9.6 

4.1 

18.7 

6.7 

3.9 

113.0 
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sunmer temperatures during 1969 and 70 tended to be higher. 

Cloud cover rarely dropped belo:.1 50% <raean 67. 3%) and most 

rain fell in autumn and winter (between March and September 

1969). However, maximum daily fall was during the early 

S\...D'I\raer, in December. Average monthly rainfalls over the 

10 year period are also shown in table 2 together with those 

of 1969-70 and it can be seen that fran June 1969 to 

February 19 70 rainfall was lower than average. TI1e yearly 

rainfall between March 1969 and March 1970 was 113.1 an 

as compared to the 10 year average of 128.5 an. 

In fig. 2 and table 3 the monthly frequencies of the 

various wind directions and speeds are shewn. Although the 

strongest winds came fran the north and east, the most 

notable feature is the persistence of those from the south 

and west . 'D1e axis of the lake is aligned in a N-S 

direction, so the winds sweep along the lengtn of the lake, 

and the effect on the lakeside vegetation has already been 

noted above. No absolutely windless days were recorded. 

In ti1e classification of wind velocities put f onvard by 

Yoshimura (1936) these winds are classed as weak. (Weak -

av. velocity«( 2m/s; moderate - av. velocity 2-3 m/s; 

strong - av. velocity 3-5 m/s; very strong- av. velocity 5 > 

m/s.)· Nevertheless the surrounding countryside funnels 

the wind down the length of the lake, giving the greatest 

possible fetch. On occasions waves 60 - 90 ans high were 

experienced at the northern end of the lake. 
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Month 

l1 

A 

M 

J 

J 

A 

s 

0 

N 

D 

J 

F 

M 

Total 

Percentage 

South and \'!est Horth and East 

w SW s SE llW N NE E Calm 

1 17 1 2 1 1 2 2 4 

4 10 2 2 4 1 1 2 4 

1 10 1 3 1 1 7 2 5 

1 17 0 4 0 1 0 3 4 

6 8 2 1 2 0 4 1 7 

3 12 1 2 3 0 4 1 5 

3 5 1 1 2 5 9 3 1 

5 16 1 1 3 0 3 1 1 

0 12 2 0 3 3 5 5 0 

4 5 0 2 6 3 9 1 1 

0 9 2 5 4 1 5 4 1 

2 1 7 6 1 1 1 8 1 

0 8 0 3 2 3 13 2 0 

30 130 20 32 32 20 63 35 34 

7.6 32 .8 5.1 8.1 Bel 5.1 15.9 8.8 8.6 

53.6% 37o9% 8.6% 

Table 3: Frequency of wirrl directions at the 

Woodhill Forest e}9ressed as m.unber of 

observations of eac."'1 direction at 9 a.m. per 

month ..>etween March 1969 & March 19700 
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METHODS 

Regular sampling was carried out between March 1969 

and March 1970. Visits were generally made weekly, 

al though on a few occasions the interval was 3 to 4 weeks. 

Between 10 March 1969 and 28 April 1969 samples were taken 

from one station only (B) centrally located in one of the 

deepest areas of the lake. However after this two more 

stations (A and C) were established at the south and north 

ends of the lake respectively. The stations (fig. 1 ) 

were permanently marked with buoys and were chosen to 

take account of any variations in the distribution patterns 

of both physio-chemical and biological features along the 

lake axis. 

Temperatures were measured at weekly intervals with 

a thermistor thermaneter which could be read accurately to 

within o.os0 c. Readings were made at metre intervals fran 

the surface to the bottom at each station. Transparency 

was measured at all stations, generally at weekly intervals, 

with a standard 20 an secchi disc divided into quadrants 

alternately black and white (Welch 1948). fetween 

September and November the light meter used by Barker (1970) 

was made available . Starting at a depth of one metre 

recordings of light intensity were made at metre intervals 

to the bottom at all stations. 

Water samples were taken with a Ogawa-Seiki reversing 

Nansen bottle of 1. 1 litres capacity. Surf ace samples for 

oxygen and µI analysis were collected at two or three weekly 
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intervals over the whole sampling period and during the 

sumner samples were also taken from the bottan at ead1 

station. A vertical series of samples for oxygen and pi at 

depths of O, 3, 6, 9, 12, 15, 18 and 21 metres was made on 

12 January 1970 during summer stratification. After June 

1969 J:lOTlthly samples for chemical anp).ysis were taken from 

a depth of 1m at stations A and C. A one 1i tre sample was 

taken and transported to the laboratory in plastic 

containers which had previously been treated with iodine 

to reduce ·bacterial upt.ake of phosphate and nitrate on their 

inner surfaces. 

All estimations were made according to Mackereth 

(1963) immediately on returning to the laboratory. Oxygen 

was determined by unmodified Winkler's method, :[ii on a 

Raclianeter mcxiel 22 pl-I-meter, Na and K on an E.E.L. flanE 

photaneter and Ca, N03 and ro4 by spectrcphotanetric methods 

using a Beckman DB spectrophotaneter. Alkalinity was 

determined ti trimetrically using standard acid (N /100 HCl) 

and B.D.H. 4.5 indicator, and Mackereth's (1955) cation ion 

exchange methods were used to estimate total anionic con­

centration, chlorides and sulphate. Unfortunately Mg could 

not be estimated separately, but an approximate value was 

found by subtracting the equivalent sum of Na, Kand Ca fran 

the total anionic concentration. 'Ihe amount of organic matter 

present was analysed by acid-dichranate oxidations after 

Maciolek (1962). 'Iwo determinations were made, one on 100 ml 

of raw lake-water, the other on a sample which had first been 

filtered through an O. 8 Jl pore size Millipore filtero 

12 



Sa"."!ples for chlorophyll analysis were taken at 

weekly i:1tervals frvJn a deptn of 1n at each station. 

Tne samples were kept cool and away fran the light, and 

were analysed i'"1.inediately on returning from the field 

using the methcds of Richards and Tha:1pson (1952). 

Generally ~5 L was filtered using a type AA Millipore 

f i 1 ter ( 0 o 8 y. pore size) . Concentrations of simple 

chlorophyll-a were detennined acccrding to Talling am 
Driver (1963). 

',leel<ly samples were also taken from a depth of 1m 

for phytopla.i7kton counts. TI1ese samples were taken from 

station J only between 17 Mardi 1%9 and 21 April 1%9, 

fran stations A and C bet i .,en S May and 11 August. and 

after t:,is from all stations. Each of these samples was 

of one litre volume. Unf ortur1ately no counts were made of 

phytopla'1k.ton during t,e last 3 weeks of ,June because of an 

accide.'1t wnich destroyed the samples. 

A me.':lbrane filter technique mainly after Ce Noyelles 

( 19 68) but modified according to information supplied by 

tr.e Millipore Corporation ( AR81) to give pennanent mounts, 

was used by phytopl:lnkton counts. The sample was preserved 

in L ugols iodine - acetic acid (Willen 1959) irrunediately after 

rollection, and then stained for 24 hours with analine blue 

and Eosin-Y (stock solutions - 0.7g sta:u1/50rnl of watero 

6 crops of eacl1 were used ~r lOOrnl of sample). After 

staining the phytoplantkton was filtered off using a Swinny 

filter holder aryJ a 13mm HA Millipore filter (0.4-5 ?) as 

13 



described by De Hoyelles. The filter circle was then 

removed and its underside blotted dry with filter paper. 

Initially the filter was left to air dry for 20 minutes 

before clearing and mountingo However, this resulted in 

many of the species (e.g. Coamarium~ Staurastrum and the 

diatoms) becoming either distorted or full of air bubbles. 

Because of this the method finally adopted was to dehydrate 

the filter (in iso-propanol) after only a few minutes of air 

drying" This is the method advocated by the Millipore 

Corporation and retains the d1aracteristic morphology of 

most species very well. The danger here is that sane algae 

may become detached fran the filter surface, and although 

this certainly happens when a fast dehydrant such as ethyl 

alcohol is used, such an effect when using iso-propanol was 

either absent or minimal. After dehydration the filter was 

cleared in xylol and mounted in canada balsam. 

2 or Smls of water ( depending on the algal concentration) 

was filtered, and the whole filter surface was examined and 

the algae counted. Total numbers counted were between 500 

and 1300. To aid counting the filter was divided into four 

by etching lines onto the surface of the coverslip. 

The replicability of the phytoplankton sampling and 

counting techniques was tested by counting two lots of 5 

replicate samples, collected fron Lakes Rotoroa (Hamil ton) 

and Koutu ( Cambridge) . The results of these counts are set 

out in table 4. The numbers in these samples is similar to 

those found from Ototoa. Except where there were only very 

small numbers of cells the method gives favourable results, 

14 



15 
SPECIES 1 2 3 4 5 Mean S.D. C.V.% 

Trachelomonas 398 4-17 4-4 5 434 436 426.0 18.6 4.4 
Cryptomonas 257 235 254 263 231 248.0 14.1 5.7 
Dinoflagellates 116 103 147 140 167 134.6 25.4 18.9 
Unident.flagellate 78 130 113 90 92 100.6 20.7 20.6 
Tetrastrum 78 62 77 91 81 77.8 10.4 13.4 
Nitzschid 107 81 101 80 99 93.6 12.3 13.2 
Phacus 20 21 17 18 21 19.4 1.8 9.8 
Scenedesmus 18 17 30 19 31 23.0 6.9 30.0 
Closterium 7 3 10 8 8 7.2 2.6 36.0 
Melosira 1 48 57 51 46 54 51.2 4.4 8.7 
Melosira 2 29 25 25 23 22 24. 8 2.7 10.8 
Euglena 5 4 5 5 2 4.2 1. 3 31.0 

Oscillatoria 2 3 3 0 2 2.0 1. 2 61.0 

,A_nk i strodesmus 3 6 5 4 1 3.8 1.9 50.5 

Gomphonema 1 1 0 1 0 0.6 0.5 91.7 

TOTAL 1167 1165 1283 1222 1247 1216.8 51.2 4.2 

Table 4(a): Replicate samples of phytoplankton from Lake 

Koutu (Cambridge). 

SPECIES 1 2 3 4 5 Mean S.D. C.V.% 

Dinobryon 236 146 133 113 103 146.2 52.9 36.2 

Navicula 100 79 62 93 80 82.8 14-. 6 17.6 

Cyclotella 36 25 19 23 23 25.2 6.4 25.4 

Small flagellate 63 40 73 60 68 60.8 12.6 20.7 

Chroomonas 30 14 22 21 20 21. 4- 5.7 26.6 

Cr-yptomonas 12 26 21 11 16 17.2 6. 3 36.6 

Nephrocytium 13 15 18 16 8 14-. 2 3.4 23.9 

Chlamydomonas 7 6 10 8 8 7.8 1.5 19.2 

Dinoflagellates 7 4 2 3 4 4.0 1.9 47.5 

Trach.elomonas 2 2 3 3 2 2.4 0.6 25.0 

Shaerocystis 2 3 2 4 5 3.2 1. 3 40.6 

Mallomonas 3 1 2 1 2 1.8 0.8 44.4 

Ankistrodesmus 3 0 1 , 3 1.6 1.3 81.2 -
Osc1.lldtoria 2 0 2 2 2 1.6 0,9 56.3 

TOTAL 516 361 370 359 345 390.2 70.9 18.2 

Table 4-(b): Replicate samples of phytoplankton from Lake 

Rotoroa (Hamilton). 



the co-efficient of variation generally being between 10 and 

30%. 

The zooplankton was sampled by a vertical net haul fran 

the bottom to the surface at each station. A Hansen type net 

(based on the modified design of Currie and Foxton 1967) was 

used. TI1e mouth of the net was 20 an in diameter and behind 

this was a 30 an canvas band followed by a 2 Saa length of 

13 xx bolting silk ( 100 )1 mesh size) and then a 40 an long 

cone shaped section of silk attached to a 7 cm diameter bucket. 

The catches were carefully washed from the bucket and net 

into 1 litre containers and preserved immediately with 

neutralised formalin. 

For counting the plankton sample was made up to a known 

volume in a 1 litre measuring cylinder and after thorough 

mixing by inversion a 5 ml subsample was withdrawn. This was 

then transferred into a squared perspex counting tray 

mounted on the moving stage of a stereoscopic microscopeo 

A magnification of x 32.5 was used for counting and the numbers 

recorded on a Clay-Adams tally counter. The subsampling 

was repeated until 3 very similar results were obtained, and 

generally between 40 and 100 specimens of CaZamoeaia were 

aged and sexed in each subsample. For any one date 200 - 500 

CaZamoeaia were aged in the subsamples rran the three 

stations. The clutch size, percentage ovigerous and 

lengths of~ Catamoeaia were estimated later by taking 

subsamples from the plankton concentrate which had been 

diluted and stirred. 50-60 animals were examined or 

counted for measurenent of length, from the front of the 

head to the end of the metasome, these determinations being 
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made using an eyepiece micraneter and x 100 magnification 

and measurements could be made to within O.Olmn. 

The replicabili ty of the net samples and subsampling 

was tested by taking a set of 8 replicate samples on 

17 February 1970. Three factors act jointly to cause 

variation of plankton numbers in a set of samples: the 

efficiency of the sampling device, natural non-randan 

distribution patterns of the animals in the lake and the 

accuracy of the subsampling process. It is not possible 

to determine the relative importance of each by simply 

taking a series of replicate samples, but an approximate 

indication of the range of variability in the sampling 

process is given by Pearson's coefficient of variation 

(100. Standaro deviation/mean) which gives sane basis for 

comparison between methods. The results of these samples 

are set out in table 5 and canpare very favourably with 

those of 9 - 40% and 13 - 25% by Bayly (1962) and Chapman 

(1965) respectively both of whom used closing nets, and 

19 - 20% by Barker (1967), 20 - 50% by Cassie (1963) and 

10 - 30% by Green (1968) using pumps. 

The dry weight, lipid, protein, organic matter and ash 

of i c. Luaasi. (generally fran the station B samples) were 

also determined, the analyses being made at Waikato· 

University. Dry weights were determined weekly, and this was 

generally the case with lipid also although on occasions the 

interval was 2 or 3 weeks. Protein estimations were made 

fortnightly and organic matter and ash at 2 - 4 week intervals. 

17 
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Sample Uunber 

Gr-oup 1 - 2 3 4 5 6 7 8 Mean S.D C.V(%) 

Hauplii 4 6 8 7 4 4 8 6 5.9 1.6 26.4 

Calamoecia 106 98 97 103 112 104 91 96 100.9 6.2 6.2 Copepo::l.ites 

Cyclopoids 1 3 1 2 3 2 3 1 2 .o 0.9 43.3 

Bosmina 32 27 31 35 36 25 23 32 30.1 4.4 14.5 

Rotifera 9 6 6 8 8 7 9 6 7.0 1.3 18.2 

Total 152 140 143 155 163 142 134 141 146.3 8.9 6.1 

Table 5 : Replicate samples of zooplankton frcm 

Lake Ototoa. (Station B, 17 February 1970). 



The dry weights of 6 series of eggs, nauplii, copepodites 

and adults, chosen to correspond to actual development 

sequences, were also found and the samples fran which the 

animals were taken for these weighings are given in 

table 6. 

Series 
stage 1 2 3 4 5 6 

Egg 17 Mar. 19 May 16 June 8 Sept.190ct. 27 Jan 

Nauplius 

Cop.I 

Cop.II 

Cop.III 

Cop.IV 

Cop.V 

II II II II II 2 Feb. 

31 Mar. 2 June30 June 15 Sept.26 Oct. II 

II 9 June 5 Jul. 29 Sept. 2 Nov. 9 Feb. 

II 16 June II II 17 Nov. II 

12 Apr. 30 June 14 Jul. 6 Oct. 14 Dec. II 

II 14 Jul. 28 Jul.13 Oct. II 17 Feb, 

d' 21 Apr. 21 Jul. 28 Jul.-26 Oct. 22 Dec. 

Table 6: Samples fran which animals were taken for 

dry weight detenninations. 

Im aliquot of the stirred preserved sample was run 

through 4xx bolting silk to separate the females, males 

II 

and larger copepodites fran the naupliar and :young 

copepodi te stages, and other zooplankton. While the 

samplP. was still on the gauze it was rinsed with distilled 

water to :remove excess preservative. Such rinsing d~s 

not lead to serious errors in the an_alysis of biochemical 

oo~onents.(Platt et a11969, Onori 1970). The copepods 

were then placed in a petri dish of distilled water and 

the required number of!?!? separated out for analysis. 
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The copeJX)ds were placed on tared aluminium boats fOI:' 

weighing. The boats were made from danestic aluminium 

foil by using a cork-borer to cut out circles of foil which 

were then shaped into small dishes. 'Iwo sizes were used, 

ca 100 )lg fir weighing younger copepodi tes, nauplii and 

eggs and ca 1 mg for older copepodi tes and adults . The 

bottcrns of the boats were then peppered with small holes 

using a finely eroded tungsten needle, and the boat was 

then placed on a circle of filter paper over self­

indicating silicagel in a snap-top vial. Weights were 

detennined on a Beckman 111 500 microbalance using the 1 mg 

range for the 100 )lg boats and the 5 mg range for the 

1 mg boats . On the 1 mg range readings could be made 

to within + 0. 2 )lg and on the 5 mg range to within ~ 

l ,r1g. TI1e number of animals which were used for 

weighing depended on their size. Generally 50 ~~ 

were sufficient, but for eggs up to 250 had to be used. 

The animals to be weighed were then sorted out, and 

transferred into the boat which was held with watchmakers 

forceps over a circle of filter paper under a stereo­

microscope. The copepods, contained in a drop of water, 

were then run into the boat with a fine pipette, and the 

water was sucked through the holes in the bottan of the 

boat by the filter paper while the animals remained. 

Without the holes in the base of the boat it was very 

difficult to transfer the copepods because the drop of 

water containing them was of greater volume than the boat 

itself, and because of the interference of water tension. 
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Tne boat plus copepods was then placed in the vial and 

dried in an oven at 60-70°c for 24-48 hours (lovegrove 

1966). The vial was then recapped and the anL~als left 

to cool and dessicate for 12 hours, when they were 

weighed on the microbalance. 

To c.'-leclc for replicabili ty of the weighings, two 

groups of 50 ~~ were re-weighed on successive days with 

the following results: 

Sample 
,1-g Day 1 2 3 4 Mean 

a 3750.0 3751.5 

3368.0 

3751.0 3751.0 3750.8 pg 

b 3368.5 3368.5 3368.3 )-18 

The tare weights were: a) 3707 .O pg 

b) 3341. 5 }-lg 

Thus the copepods weighed: a) 4 3 . 8 ,ig ( 0. 8 8 _>ig/~) 

b) 26.8 ug (0.54 ~g'~) 

Tnerefore in (a) the variation was: 

3751.5 - 3750.0 

= 1.5 ,ig 

= 1.5/43.8 = 3.4% of copepod weight 

in (b) the variation was: 

= 0.5 )-18 

= 1. 9 % of copepod body weight 

Tnese weights were low because fats had been 

extracted (see below) and so percentage variation would 

be expected to be less in animals not so treated. 
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Lipids were extracted with 1:1 chlorofom-methanol 

solution. After the initial wei&1ing 10-15 :-nl of 

solvent was slcMly run,over a periCY.1 of about 30 minutes, 

fran a fine tipped burette into each of the alt.ninium 

beats containing the ~~. The boat was supported on a mat 

of several thickr1esses of filter paper which soaked up 

and carried away the solvent and lipid after it had 

passed out throug.'-1 the bottcm of the boat. The boats 

were then redrie<l in the oven,dessicated and reweighed. 

TI1e difference in weight was taken as the lipid free 

weight. Giese (1967) recCT.llllends extraction of lipids by 

chloroform-methanol solutions, and states that it is 

superior than the soxt:let_ method using ethyl-ether 

because it extracts boti1 structural and storod lipids 

in contrast to the soxhlet method whici i only extracts 

the latter. A similar met.nod was used by Siefkin and 

Armitage (1968) for detennining lipids in Di.aptomus spp. 

A modified version of I..cwry's metnod (Lowry, 

Rosebrough, Fair and Randall 1951), which is the method 

recornnended by Giese ( 19 6 7) , and Wirlborg ( 19 71) , was used 

for protein determinations. In this raethod the colour 

developed depends on the quantity of tyrosine and tryptophan 

residues in the sample protein and so the determination 

rests on the degree of sil'J.ilari ty in the levels of these 

in the sample and standard. 
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10-20 ~~ were use:i fari pr-otein analysis, and deteruinations 

of any one date werie made in -triplicate. TI1e copepcxis werie gr-oun:i 

in l..o.-Jry' s solution C in a tissue gr-inderi fari one minute, made up 

to 2 ml with solution C, allCMe:i to extract fari one hour ard 

centr>ifuge:::i. 0 .2 ml of Folin arrl Cicalteu' s phenol reagent dilute:i 

37 ml/100 was jetta:l into the supernatant arrl the colour allCMe:i 

to develop fer one hour. The abscrbance of the solution was 

then read on a Beckman DB Spectrophotometer at 660 I?-'. 
A calil:Jr,ation curve was IX'epare:i in a similar way using kn.CMn 

amounts ( 0-2 0 )lg) of Ct"ystalline bovine ser-um albumin. 

Organic matter in the copepajs was analyserl by quantitative 

dichranate oxidation using the micranethcxi of Maciolek ( 1962). 

Three samples of 250 ~ werie used. from each date, an::i the 

oxidations were done in chemically clean "Discar'dit" (Beckton 

Dickinson R'IU) boiling tubes with appr-oIX'iate conirols. As such 

methcxis irobably oxidise about 90% of the crganic matteri present 

(Winberig 1971) the values obtained have been ccrrected by 10%. 

Toe amount of oxygen consume:i in the ox.idation can be used to give 

estimates of q-,ganic carbon and calcrific content per copepoo by 

application of appr-opriate converision factcrs (Maciolek loc. cit;). 

Ash weights were also deterirnine:i fari the copepcx:ls fran 

the samples used fer ariganic matter, analyses. Because a large 

m.1mbe.r of anbnals werie needed far' ashing, copepaH tes IV, V and oo 

we.re used as well as the ~. It has been ass1..lllled that these 

stages have similar ash contents to the W. Enough animals to 

give a dry weight of ca 1.5 - 2 mg werie weighed in platinum 

boats ( of similar design to those used fcr dry weight deteriminations) 
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an:l ash content determine::i after canbusti.1g far half an hour 

at 506C in a muffle furnace. 

All the above analyses were made on specimens that 

had been store::ifor up to a year in 4% neutralised formalin 

and sud1 preservation is YJla-m to ef feet the biochemical 

composition of planktono Lovegrove (1966) found that 

after preservation in formalin there was reduction of 

water content and apparent increase in organic matter and 

ash of mantle tissue of Loz.igo o Marked changes occurred 

in the first three days and there were only small changes 

after this. Organic matter dropped from an initial 92. 6% 

dry weight to 86.5% after 56 days and then remained constant; 

ash increased from 7. 4% to 13. ti% in the name period. 

Fudge (1968) states that after formalin preservation the 

dry weight of lleor.rysis integer dropped slightly, ash fell 

from 12% to 9% dry weight, chitin re.r:tained unchanged, 

lipid increased fran 11% to 15% dry weight and carbohydrate 

increased from 3% to 9%. He found that protein, as 

deterr.ri.ned by tile diuret reaction, decreased markedly fran 

73% to 5% dry weight, but it seer:1s that t:1is may have been 

due to the method of determination rather tr1an to sud1 a 

large decrease in protein. Omori (19 70) found that for 

Catanus cl"istatus there was a decrease in dry weight 

after f o:rr.ia.lin preserving to 5 3% of the initial value. 

As % of the dry weight d fell fran 10. 2% to 9. 2%, C from 

59 0 9% to 55.5%, while tr increased fror.1 6.7% to 7.5%. Ash 

was largely und1anged, but the C:lJ ratio dee.Teased indicating 

that proportionately more C than :J was lost. I.ebedeva 
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and Kozlova (1969) oLserved that Cladocera fixed in 4% 

formalin changed weig1,t over a period of t.is1e" Some 

increased in weignt by 30 - 60%, others lost 20 - 40% 

while the rer:iai:rn.l~r did not change. Schindler, Clark and 

Gray ( 1971) showed that samples of Diaptor.rus oregon.ensis 

stored in fon71alin for 4 raonths had slightly, but significantly 

lower calorific vclues than frozen ones ( 6325 + 14 7 cf 6680 + 

101 cal/ gr.i) o 

tia,1ever, in contrast to these observations Ostapenya, 

Suschenya and Khmeleva(l967) quote work by Pavlyutin which 

si1owed that nei tner fixation nor prolonged storage in 4% 

forr.1alin af fectetl the calorific value of aquatic animals, 

and· Faustov and Zotin who showed tnat fixation in 10% 

formalin did not affect the caloricity of amphibian or 

fish eggs. Russell-Hunter, Meadows, Apley and i3urky (1968) 

using a wet oxidation method found that values of organic 

carbon per unit net weight of molluscs fixed in 12% 

f onnalin were consistently higher than for those per unit 

live weight, and varied in the same way. This was 

thought to be due to loss of weight and defaecation on 

fixation. But these authors pointed out that if formalin 

is maintained at neutrality. there should be no breakdown 

of carbohydrates, proteins ai1d lipids, and that only a 

snall amount of additional C from the formalin should remain 

bound to the proteins after washing in distilled water. 

Mclaren (1~69) found that carbon content of fresh 
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Paeudoca'Lanus minutus did not deviate significantly 

fran those preserved in fonnalin. 

It seems, then, that the detenninations raa.de in this 

study on the preserved Ca'Lamoeai.a are likely to give values 

that are too low for dry weight and protein, but lipid and 

organic detenninations are probably less affected and 

the former may in fact be too high. 
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PHYSIOCHEMISlRY 

1. Temperature 

The ternperatut'e reccrds ar'e sha,.rr1 in fig. 3. 

From March to early September 1969 Lake Ototoa was essentially 

hanotherr.ial and during this time temperatures dropped gr-a:iually to 

rea:::h their lcwest values in August (9.7°c on 4 August). Following 

warm weather in September there was considerable surface heating, and 

a weak themocline developed. Ha-1ever, although heating rontinue:i 

the stratification was gt'a:iually broken down by the strong ncr•th 

and east winds of September. 

In November stratification refcrme1 and remained strongly 

develope:i from December to the end of the sampling per.icxi. DJring 

2? 

most of Decer.lier and January the epilimnion and metalimnion arrl hypolimnion 

occupie:::I approximate depth ranges of 0-12 m, 12-16 m, and 16 - 23 m 

respectively; which comprise 72.8%, 15,0% and 12.2% of the total 

lake volume. 

During January the depth of the thermocline increased slightly, 

and this trerrl became mere apparent in February and March as the 

epilimnion coole::1. By the encl of sampling, the hypol:imnion can:prised 

only 5 ,. 9% of the lake volume ard stratification appearoo to be close 

to breaking < dcwn, altha.igh the ther-mocline was sharpened a little 

by the increased temperatlre on 9 1·1ar'ch 19700 



Fig. 3: The distribution of temperature with depth 

at stations A, B, and C during the sampling 

period. In each case the surface and 

bottom temperatures are shown. 

in degrees Celcius. 
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A feature .of the traces in fig. 3 are the minor 

irregularities in the epilirnnion on many occasions, 

which on some dates show similar patterns at all 

three stations (e.g. 17:xi:69, 8:xii:69, J_:.:xii:69 

6:i:70, 19:i:70 and 27:i:70). These microstratifications 

are probably evidence of strongly turbulent conditions 

in the epilirnnion and result from surface heating and 

subsequent mixing by the wind. 

Epilimnetic temperatures generally followed trends 

in air tenperatures and were highest in late January 

(maximum 24.2°C). TI1ose at stations o and C were 

sir.rilar, while those at station A were often higher, 

probably because this station was shalla,.,er and more 

sheltered than the other two. During the summer the 

greatest drop in temperature over the metalimnion was 

6. 4 °c wnicn is similar to that found in other New 

Zealand lakes (Jolly 1968, Barker 1970, Fish 1970). 

The range in temperature of the bottom waters over the 

year was 6. s0 c. Most of this increase occurred between 

August and November, and during stratification 

( between I:ece'Tlber and March) tempcratUt"es in the 

hypolir:1nion rose about 1°c. During this latter period 

hypolfometic temperatures after increasing sliw1tly in 

December rer:1ained fairly constant during January and 

February and increased once again during March 1970. 

This variation of bottan temperatures is somewhat 

greater than found for other shalla,.,, stratified 

lakes in New Zealand (Jolly 1968, Fish 197C). 
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Fig. 4: Thermocline depth in Lake Ototoa during 

the summers of different years. 1950 from 

Cunningham, et. al., (1953); 1969, a 

preliminary visit by the author; 1970, 

from the present study. 
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There may be considerable variation in the thermal 

regime of Lake ototoa from year to year. Fig. 4 sha,.,s 

patterns of stratification recorded on similar dates 

dUl"'ing 1950 (Cunningham et al, 1953), 1969 (a preliminary 

visit by the author before beginning this study) and 

1970. Cunningham et al found only weak stratification, 

and believed that a previous stronger stratification had 

been broken dc,,m a short time before their visit. In 

1959 althoug.'1 a distinct therr.iocline was present it was 

not as deep as the present study and the temperature 

difference between epi- and hypolimnion was smaller. 

The summer of 19 70 was warmer than average ( see page 8 ) . 

It is possible that the conditions observed in this 

study aI"e not typical and that in other years 

stratification is less marked and perhaps more transient. 

Tne ter.iperature records made during diurnal samples 

on 14-15 September 1969 and 1-2 February 1970 are shc,,m in 

Fig. 5 . Lake Ototoa rnight be expected to develop internal 

seiches because of its elongate shape and orientation 

pai:-allel to the prevailing wind. Hcwever, apart fran minor 

fluctuations in the isotherms there was no distinct 

oscillation like that found by Green, Non-ie and Chapman 

( 19 69) in Lake Rotoi ti, a larger but similarly shaped lake. 

n1ere was some surface heating during the day on 15 

September, and the slight lowering of the therrrocline is 

interesting because it was probably associated with the 
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Fig. 5: Thermal stratification at station B 

during two diurnal periods. 

in degrees Celcius. 
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active disruption of the weak stratification which was 

taking place during this month. 

As there is only one circulation period during the 

year, and temperatures are always well above 4°c, Lake 

Ototoa may be classified as a wann monomictic lake 

(Hutchinson, 1957). 

The annual heat bu<;lget of Lake Ototoa was 

calculated using i.3irge~s(l9ll) method. For a warm 

monomictic lake this value will be summer heat incane 

only ( ebs) . Mean te.'11peratures used in the calculation 

were : maximum - 22. 7°c on 27 January 1970, and minimum -

0 10 .1 C on 4 August 1969. The heat budget thus 

-2 calculated is 15, 500 cal. cm . Heat budgets of other 

New Zealand and Australian lakes have been calculated by 

Bayly 1962, Timms and Midgly 1969, Barker 1970 and Fish 

1970. These are shown together with the budget for 

Ototoa in table 7 The budget of Ototoa is similar to 

those of Pu puke and Okaro. That of Okataina is much 

gr-eater while the rest are smaller and low by world 

standards. 

In the first 5 lakes in the table there is a tendency 

for the budget to be greater as area, mean depth and volume 

increase as Gorham (1964) and Schindler (1971) have also 

found. Area affects heat intake by allowing greater wind 

fetch in larger lakes and thus more efficient mixing of 

heat into the water, and the relationships with depth and 
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Qba A - V 
0 

z 

cal/cm 2 
m2x10 4 m3x10 6 m 

Okataina 1 
57,643 1049.4 45.5 477.25 

Pupuke 2 
16,000 85.7 34.0 29.23 

Ototoa 15,500 162.3 12.3 19.95 

Okaro 1 11,851 32.95 11.1 3.65 

Ngapouri 1 9,496 22.34 12.1 2.72 

Borumba 3 
7,963 501 8.5 42.6 

Aroarotamahine 4 6,000 10.2 12.2 1.25 

Rotoehu I 5,296 791.24 8.2 64.53 

Table 7: The heat budgets of New Zealand and Australian 

lakes. Data from, 1) Fish 1970; 2)Barker 1970; 

3) Timms & Midgely 1969; 4) Bayly 1962. 

Surface area (A), mean depth (z) and total 
0 

volume (V) are also given for each lake. 
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volume may arise because larger lakes will often also have 

greater surface areas. The other three lakes are a little 

atypical: Bon.unba is a reservoir and so may lose heat in 

its out fla-1, Aroarotarnahine is very sheltered and Rotoehu does 

not stratify. 

The amount of work done by the wind in distributing 

the heat budget was calculated for Lake Ototoa by Birge's 

( 1916) methcd. The work of the wind (B) thus calculated 

is 1766 gncm.an-2 , and the unit work of the wind (the 

amount of work needed to distribute each c a_orie of the heat 

-1 budget i.e. B/~5 Hs thus 0.114 gmcm.cal . These two values 

have not been calculated for any other Australasian 

lakes, but are rather high by world standards (Hutchinson 

1957) and as discussed later the wind probably has to do 

more work because heating takes place at relatively high 

temperatures. 

2. Transparency by Secchi Disc. 

Secchi disc transparencies over the sampling period are 

plotted in fig. 6. As the transpa --encies at the three 

stations were similar on any one date, the values plotted 

are the averages. 

After sampling began, transparency increased during 

April and May, followed by a decrease in June. After 

another increase in July secchi depth decreased to the 

lowest value recorded in mid August ( 5 metres on 11 

August). .3etween August and September transparency, altl--iough 
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Fig. 6: Changes in secchi depth throughout the 

sampling period. Total phytoplankton, 

organic matter and the depth of 5% 

illuminance are also shown. 
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variable increased slightly. Folla-1ing a slight decrease 

in early October there was a steady increase during the 

spring, and the greatest secchi depth was found in early 

December ( 9. 2 m on 8 December) . Transparency decreased 

again in mid-December follc,,1ed by a further lowering in 

mid-,January. Secchi depths then remained relatively 

constant until the end of the sampling period. 

As transparency is often correlated with amounts of 

seston (Hutchinson 1957), the total numbers of phytoplankton 

and total organic matter has also been plotted in fig. 6. 

There was little relationship between secchi depth and 

either of these factors throughout the whole of the 

sampling period, ha,.,ever periods of high phytoplankton 

concentrations during August and September, and during 

late December and early January coincided with generally 

lower secchi depths . The increase in organic matter 

during October ,followed by decreasing concentrations during 

:Jovember, may also be related to the decrease in transparency 

in October and the gradual increase in the following two 

months. However, it is likely that the canbined effect of 

these two factors is more important in determining secchi 

depth than either of than alone. 

The high concentrations of Botryocoacus braunii which 

were always present could also have affected secchi depth, 

and may have introduced irregular variations depending not 
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only on the concentration and distribution but also on the 

surface light intensity. A secchi depth observation is a 

comparison of the brightness of the disc with the water 

around it (Hutchinson 1957). Although variations in 

surface light intensity should not affect the result, 

particles such as the large colonies of Botryoaoaau.a 

which appear much brighter in higher lig.""1t intensities 

(especially if concentrated in the upper waters on a clear 

caJm day) might affect the reading in an erratic manner. 

Small particles of wind bla-m sand fran nearby dunes may 

also be important in determining secchi depths in coastal 

sand dune lakes such as Ototoa. This may be the reason 

for the correspondence between wind speed and secchi depth 

between December 1969 and March 1970 (fig. 7). 

Yoshimura ( 19 38) considered that the secchi disc 

disappeared at the level of about 5% surface illumination. 

These values for Lake Ototoa have also been sha-m in fig. 

6, and on all but two occasions were closely similar to the 

secchi depths. 

The secchi transparencies of Lake Ototoa are high 

canpared with other relatively small New Zealand lakes, which 

tend to be productive and turbid with la-1 secchi depths 

(Haydon 1967, Donovan 1968, Jolly 1968, Green 1968 and 

Mitchell 1971). Cunningham et al (1953) found a secchi 

transparency in Lake Ototoa of 9 m on the 4 January 1S50, 

which is a little greater than found at the sane time of 

the year in this study. The shallower sand dune lakes they 

visited had mud1 lower transparencies which were believed to 
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Fig. 7: Changes in secchi depth and wind speed at 

the neighbouring Woodhill Forest 

Meteorological station throughout the 

sampling period. Wind speed is expressed 

as the number of metres run in a five day 

period. 
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be caused by disturbance of silt and bottan sediments by 

the wind. Of the lakes studied by Jolly ( 1968) the 

secchi depths of Ototoa are most like those of the 

large clearer lakes of the Rotorua area - Tarawera, 

Tiki tapu, Okataina and Rotoi ti. 

3. Light TranErnission. 

The photaneter readipgs made on those occasions 

when a light meter was available are shewn in fig. 8. 

Tne slopes of these lines are a measure of the 

absorption of light by the water, and may be expressed 

as the vertical extinction coefficient (n"), and the 

transmission of light by the water column as the 

percentile transmission per metre (Hutchinson 1957, 

Barker 1970). The vertical extinction coefficient is 

given by: 

n" = 1n Ia - 1n Ib 

z 
a 

Where Ia and Ib are light intensities at depths za and zb 

respectively, when za is less than zb 

Trie percentile transmission (Pt/m) is given by: 

Pt/m = lOOe-n" 

These two parameters over four different depth ranges 

in Lake Ototoa are sham in table 8 

The results emphasize the clarity of the water in lake 

Ototoa. Using the same light meter Barker (1970) obtained 

transmissions ranging from 23%/m during the slD'l1Jl1er on lake 
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Fig. 8: Transmission of light in Lake Ototoa. 

Light intensity at each depth has been 

expressed as a% of the surface illumin-

ance. The slopes of these lines give a 

measure of the vertical extinction 

coefficient, a steeper slope indicating 

greater light transmission. 
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DATE 

25 

Algust 

8 

September 

15 

September 

29 

September 

19 

October 

2 

Novembc-

Depth Stn. A. Stn. B. Stn. C. 
range 

(m) n" Pt/rn n" Pt/m n" 
1-6 0.445 64.07 o. 392 67.6 0.333 

6-11 0.270 76.3 o. 247 78.l o. 323 

11-16 ", "')(• ._, • L ,_ .I 80.3 0.242 

16-21 0 .2G9 76.4 0.277 

1-6 0.265 76.7 0.315 73 .o 0.253 

6-11 0.239 78 .8 0.372 68.9 0.278 

11-16 0.139 87.l 0.240 

16-21 0.220 80.3 O" 352 

1-6 0.277 75 .8 0.225 79.8 0.281 

6-11 0.250 77.9 0.247 78.l 0.254 

11-16 0.222 80.l 0.208 

16-21 0.175 8 3 .9 0,245 

1-6 0.220 80. 3 0.196 82.2 0.153 

6-11 0.300 74.l 0.257 77.4 0.292 

11-16 0.226 79.8 0.247 

16-21 0.213 80.8 0.220 

1-6 0.226 79.8 0.298 74.2 0.328 

6-11 0,496 60.9 0.305 73.7 0.299 

11-16 0.222 80.1 0.217 

16-21 0.223 80.0 0.212 

1-6 0.371 69.0 0.229 79.6 

6-11 0.285 75.2 0.255 77 .5 0.268 

11-16 0.257 77. 3 0.255 

16-21 0.198 82.1 0,204 

Table 8: Light extinction coefficients (n") and 

percentile transmissions (Pt/m) in 

Lake Ototoa. 

Pt/m 

7L7 

72 ,4 

78.5 

75. 8 

77.6 

75.8 

78.7 

70.3 

75.5 

77.6 

81.3 

78.3 

85.8 

74.7 

78.2 

80.3 

72.1 

74.2 

80.5 

80.9 

76.5 

77,5 

81.5 
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Pupuke, to 75%/m in October_and April and Green (1968) 

found values between 3 and 22%/m on the Auxil::..ary ~lihotupu 

reservoir. The values for Ototoa are near those of 

Crystal Lake (82%/m) tne clearest of the ·llisconsin 

lakes studied by :3irgc arid ,Juda:,' (iiutci1i.'1son loc. cit.) 

and to lake 161 of the Ca.1adia.1 E.L.A. lakes (75.2%/m, 

Schindler, 1971). 

A feature of the lines in fig. 8 is the increase in 

slope bela,., about 11 metres in many of them. This 

indicates an increase in transmission compared with 

the shallower depths and is further enphasised in table 8 

where the percentile transmission between 6 and 11 metres 

is generally less than that between 11 and 16 or 11 and 

21 metres depth. This suggeststhat detrital matter, 

phytoplankton or perhaps zooplankton was denser nearer 

the surface. Perhaps colonies of Botryoaooau.s which,as 

noted above, were always present, were the cause of the 

la,ier transmission between 6 and 11 metres depth. 

7. Oxygen. 

Surface oxygen concentrations and saturations 

differed little between the three stations, and the 

average values have been plotted in fig. 9. '111e mean 

values from the bottan waters at stations 13 and Care 

also sho,m. 

Oxygen concentrations were highest in winter and 

dropped gradually during spring and summer, although there 
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Fig. 9: Changes in oxygen concentration, % 

saturation and pH of the surface waters 

of Lake Ototoa throughout the year and 

of the bottom waters during the summer. 

The surface values are the averages of 

those from all stations, and the bottom 

values are those from stations Band C. 
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were small increases in December and February. Surf ace 

waters were supersaturated with oxygen on all but one 

occasion, in May 19 69. Saturation levels increased 

during the spring and summer to reach maximum levels 

in Dece.-nber ( 121% on 22nd). They then declined and there 

was another small increase in February. These higher saturation 

levels during spring and s\.UTiffier were probably the result of 

increased photosynthetic activity by phytoplankton which 

was more abundant in December and February. 

During the S\.UTiffier, from November onwards, both 

oxygen concentrations and saturation levels gradually 

dropped in the bottom waters reaching minimum levels of 

2. 3 mg/1 and 24% saturation on 3 March 1970. Concentrations 

were a little lower at station C than at station a during 

this period, and probably resulted from its greater 

depth (23m at station C cf 21m at station B). The small 

increases in February and March came at a time when the 

thermocline was descending and may have been caused by 

sane mixing of well oxygenated epilimnetic waters into the 

hypolimnion. 

A vertical series of oxygen detenninations was made 

on 12 January 1970. Samples were taken fran depths of 

0,3.6,9,12,15,18 and 21 metres at station B, and the 

results are sh0vm in fig. 10. Oxygen increased slightly 

in the lower epilimnion and upper metalimnion, followed 

by a reduction in the lower metalimnion and hypolimnion. 
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This is a weakly develope:i example of a positive heterogr-a:le curve. 

Such distributions ar-e produced in clear- lakes when light 

transmission is gr,eat enough to allow algal photosynthesis in the 

stable metalimnetic layers (Hutchinson 19 5 7) an:i this seems to be 

the most likely explanation fer the observed curve in Ototoa. 

On 12 Jan\lal:'y the thermocline lay between 12 an:i 14 metres where 

the illumination was i;robably about 1% of surface light intensity, 

tc which is thought to be api;rox:i.mately the lo.ver limit far the 

occurrence of photosynthesis (Clar-ke 1953). Positive heterogr-a:le 

oxygen distributions has also been reccrded fran Lakes Pupuke ( Barker 

1970), Okataina (Fish 1970) an::1 the l.cwer Nihotupu reservoir 

(Haydon 1967) . 

When Lake Ototoa was sampled on the 4 Januar-y 1950 by 

Cunningham et al ( 1953), SI.Ir'face saturations were similar' to 

those found in January 1970 (table 9). There was weak 

thermal stratification between 6 and 10 metres depth (fig. 4) 

an:i although a positive heterogr,a:ie oxygen distribution was 

not found, oxygen saturations did drop to 55% at 25 m ( 3.0 ml/1) 

which is canparable with the results found in the pr'esent stu:J.y, 

t, TI1e secchi depth on 12 January was 6 .5 m which is similar 

to that of 19 October when the depth of penetration of 1% 

of sl.Ir'face light was ca 13 m ( fig. 8). 
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DEPTH Cm) 4 January 1950 12 January 1970 

0 110 108 

2 110 

4 108 

6 110 

8 109 108 

9 111 

10 105 

12 114 

15 93 95 

18 83 

21 69 

24 55 

Table 9: Profiles of oxygen saturation in 

Lake Ototoa during the summers of 

1950 and 1970. 1950 data from 

Cunningham et al (1953). 

LAKE AREAL DEFICIT VOLUMETRIC DEFICIT 

-~ -1 mg.cm .day mg.cm -2 gm.m -3 gm.m -3 .day 

Okataina 1 0.042 7.6 2. 3 0.013 
N .1 gapouri 0.044 8.4 9.7 0.050 

Okaro1 0.034 6.3 10.0 0.054 

Pupuke 2 0.032 

A ·1 • 3 uxi iary 
Nihotupu 0.038 

Ototoa 0.015 0.96 2.14 0.033 

Table 10: The hypolimnetic oxygen deficits of 

some New Zealand lakes. Data from 

1) Fish 1970; 2) Barker 1970 3) Green 

1968. 
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Oxygen Deficit: The relative hypolimnetic areal oxygen 

deficit may be defined as the difference between the 

amounts of oxygen dissolve:::l. in the hypolirnnion during 

sµ:-ing c:irculatian am. sunmer stagnation, expr-esse:::l. per 

unit area of the hypol.iinnetic SUt'face (Hutchinson 1957). 

The data presented in fig. 10 can be used together with 

ti1e oxygen concentrations determined on 9 Uover.iber to 

calculate this deficit far Lake Ototoa. A vertical series 

of samples was not taken on 9 Ilovember but as stratification 

ho:J only just begun to forr:i, and the l>ottom waters were 

still supersat.urate:i with oxygen (fig. 9) it hds 1Jeen 

ass1...lme::l that the bottor.i value ( 10 .2 mg/1) is a close appr'oxination 

of the actual oxygen concentrations in the whole of the 

hypoli.rnnion • 

Using the known volumes of the layers bela,.J the thermoclir;e, 

the average oxygen content of these layers an:1 assuming lateral 

unifor;:iity, the total oX'ygen content of the waters l.>elo:.1 F+ 

metres depth was calculate::l on these two dates (Edmond.son l:360 , 

" -t, 
T.ms fer lake Ototoa a deficit of 0o96 mgocm - over 64 days 

-2 -1 er 00015 mgecm • day was calculate.1, which is 

considerably lowe:r than the def.ic:its of other r!eH Zealar;d 

lakes (Table 10L Fish (l':l70) believed that the deficits 

of the lakes .he studie:i coold be mean.infully compar>Erl 

or:Jy when e:.qressed on a volumetr-ic basis 

(see, however, disa1Ssio.1"':), ar.d the c.;ul:iic deficits for 
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Fig. 10: 

Fig. 11: 

The distribution of temperature, pH, 

oxygen concentration and oxygen saturation 

with depth at station B during mid-summer 

(12.1.70). 

Seasonal changes in the concentration 

of organic matter in Lake Ototoa. The 

total amount of organic matter is shown 

as well as those fractions smaller than 

0.8 microns in diameter (<0.8µ) and 

larger than 0.8 microns in diameter 

(>0.8µ). 
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Ototoa have been shovm in the table as well. 

The figures for Ototoa may be a little too lo .. , 

ha,,ever, because even though 14 metres (taken as the 

upper limit of the hypolir:mion i.'1 the calculation) 

was below the slight oxygen maxi.mum on 12 ,:anuary 

( fig. 10), oxyge.'1 produced photosyntr,etically in the 

upper metal:L":'lrlion may have been transferre<l to some 

extent into the upper hypolimnion by turbulent mixing. 

s. Hydrogen Ion Concentration. 

In lake Ototoa t11ere was little seasor1al variation 

in the pH of the surface waters (fig. 9). Slir:;1tly 

higher values were found in the summer and auturnn 

(maximum 8 . 3 ; 3 / 3/ 70 ) than in the winter ( generally 

7. 63 - 7. 95). lfo.-1ever tne lowest values Here found in 

late January a.'1d early February when pHs dropped to about 7. 2 , 

a fall which ;:iay be related to lower phytoplankton stocks 

at this time. 

Flint (1938) and Mitchell ( 1971) working on Lake Sara11 

and Waipori, Mahinerangi and Tomal1awk lagoon respectively, 

also found seasonal trends of lower winter pH rising to 

hig.11er values in the summer as did darker ( 19 70) in Lake 

PupUKe. 

Taken as a whole the pHs were a little hip-,her than 

those found in most of the lakes studied by Stout (1969), 

Fish (1970) and Mitchell (1971), and of those of Jolly 

( 1968) which were not affected by themal waters; a 

tendency which may reflect the higher all:alini ty of Ototoa. 
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On the other hand thEy were not as high as in Aroarotarnahine 

(3ayly 1962), Pupuke (Barker 1970) and a variety of volcanic 

lakes in southeast Australia (Bayly and Williams 1964 ) . In 

these cases high p-ls ( over 9) are thought to be caused by 

large amounts of sodium carbonate in solution. In other 

Northland sand-dune lakes 01apman and Green (1973) 

recorded pr¼;; similar to those found in this study. 

As in most stratified lakes, the bottom waters had 

slightly lcwer pH values (Hutchinson 1957), which 

fluctuated over the summer (fig. 9). The vertical 

variation in pH on 12 ~Tanuary is sho'.,ffi in fig.10. 

High J:il at 6 and 12 metres nay have been related to algal 

photosynthesis, and the associated development of an 

oxygen maximum at ti1is lcwer dept1. Belav the tnermocline 

:i;:tls dropped gradually to reach neutrality in the bottom 

waters. 

Previous estimates of the pH in Ototoa by Cunningham 

et al (1953) were 6.6 at the surface, and 6.4 at 24 

metres, which are significantly lower than the values 

found in the present study. However, these authors 

suggest that their pH measurements may contain errors, 

for checks on lakes in the Wellington series of dune lakes 

gave pHs considerably at variance with the original 

figures. 
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6. Ionic Ccmposition. 

Ionic composition varied little between stations, and 

the mean values of the major and minor ions are set out in 

tables 11and 12 , 
I .. 

a) Major iohs: The salinity of Lake Ototoa is typical of 

the series of Northland lakes studied by Chapnan and Green 

( 1973 ). These are considerably more saline than the 

dilute waters of the Canterbury mountain lakes (Stout 

1969), yet more dilute than Aroarotamahine (Bayly 1962), 

Pupuke (Barker 1970) and Tomahawk lagoon (Mitchell 1971) 

(table 13). The anionic concentration of 2.24 me/1 further 

reflects this position. The lakes studied by Jolly (1968) 

which were not affected by thermal waters had concentrations 

between 0.25 and 1.45 me/1, while Pupuke (Barker,loc.cit) 

had an average value of 3.30 me/1. 

Between August 1969 and March 1970, values of Na, Cl, 

HCC 3 and so4 increased, which was probably due to concentration 

as the lake level was lowered by evaporation during the summer. 

However, concentrations of Ca and Mg decreased and this is 

difficult to account for as µ-Is were still belcw those 

where calcium would precipitate. It may be that the decrease 

was a result of biological deposition, perhaps during 

photosynthesis (Horie 1968) .. 

Previous analyses of water fran Lake Ototoa. by Cunningham 

et al (1953) gave concentrations of 58.2mg/l Cl and 4 mg/1 

S to4. .In neighbouring Lake Kuwakatai, which is only a few 
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Tot. Total Salinity 
Na Mg Ca K Cl HC03 S04 Strong anion 

acids 
DATE mg/1 me/1 mg/1 me/1 mg/1 me/1 mg/1 me/1 mg/1 me/1 mg/1 me/1 mg/1 me/1 me/1 me/1 mg/1 

14.7.69 - - - - - - - - - - - - - - l.Lf0 

11.8 .69 23.0 1.00 12.2 1.00 3.0 0.15 2.43 0.06 - - 50.5 0.83 - - 1.38 2.21 

22 .9 .69 24 ,5 1.07 10.3 o .. 85 4.60 0.23 2.53 0.07 - - 50.5 0.83 - - 1.39 2.22 

26.10.69 28.5 l.?4 8.4 o. 69 4.66 0.24 2.50 0.06 - - 50.6 0.83 - - 1.39 2.22 

17.11.69 23.8 1.03 - - 4.40 0.22 2.45 0.06 - - - - - - 1.37 

29.12.69 25.1 1.09 10.7 o .. 88 3.13 0.16 2. 43 0.06 4 4.4 1.25 50.6 0.83 4,99 0.10 1.36 2.19 141.3 

27.1.70 32.25 1.40 7.1 0.58 3.85 0.19 2 .60 0.07 48.05 1.36 51.8 0.85 4.04 0.08 1. 39 2.24 149. 7 

17.2.70 32.75 1.42 7.3 0.60 3.53 0.18 2.50 0.06 47 .40 1. 34 51.8 0.85 4.23 0.09 1.41 2.26 149 .o 

27.2.70 34.75 1.51 6.3 0.52 3.73 0.19 2.80 0.07 46.55 1.31 52 .4 0.86 5.52 0.12 1.43 2,29 152.0 

9.3.70 34.75 1.51 6.1 o.so 4,51 0.23 2.28 0.06 46.40 1.31 53. 7 0.88 5.43 0.11 1.42 2.30 153. 2 

MEAN 28,8 1.25 7.3 o. 71 3.93 o. rio 2.50 0.06 46 .55 1. 31 51.5 0.84 4.84 0.10 1.39 2.24 149,0 

Table_ 11 :TI1e chemical composition of Lake Ototoa. (Major ionic constituents). 

+ 
u, 



DATE 

ll.viii.69 

22.ix.69 

26 .x.69 

17 .xi. 69 

29.xii.69 

27. i. 70 

17.ii.70 

23.ii. 70 

9.iii.70 

Mean 

N03(mg/l) 

0.6 

o.s 
0.3 

0.17 

Q.'.37 

0.36 

0.46 

0.31 

o.12 

5.95 

1.00 

10.20 

3 .15 

3.15 

2.65 

Table 12: The chemical composition of Lake Ototoa 

(minor ionic canstitutents). 

CONCDITRATION (mg/1) Cme/1) 

I.AKE Ha Mg Ca K Cl HC0 3 S04 Total anion 

Ototoa 28.8 7.3 3.93 2.5 46.55 51.5 4.84 2.24 

Rlpuke1 35.0 14.7 a.so 2.16 44.0 96,723.7 3.30 
? 

Ncrthland-
Dune Lakes 20.7 8. 5 1. 7 1.4 38.7 16.0 4.9 

Aroar-ot~-
hine 125.0 1.2 0.9 4.0 76.0 102 4.0 

Cantet:'bury 
4 

1.75- 0.33- 2.2- 0.05- 3- 0.33- -
lakes 8,1 l.5 13.5 1.2 8 0.99 

Tanahawk5 12 .3- 30.8- 278 
24.3 88.6 580 

Mah . ,5 
1Iler'arlg1 0.2- 0.9- 4-

1.0 2 .o 5 

Waipari5 0.3- 0.8- 2.5-

46 

Table 13 : Comparison of the chemical composition of some New 

Zealarrl Lakes. Data .fran 1) Bar-ket- (1970); 2) Cha:pnan 

an:1 Gr-een ( 1973); 3) Bayly(l963); 4) Stout (1969); 

5) Mitche11(1971). 



hundred metres to the south of Ototoa, these authors 

found concentrations very similar to-those determined 

in the present study of Ototoa: their values were Na -

28.Qng/l, Mg - 7.4mg/l, Ca - 6.6mg/l, K - 3.0ng/1 an1 

also Si04 - 3.4mg/l. Sinilarly, analyses of samples 

fran Lake Ototoa carried out by the government analyst 

at Auckland on 27 April 1964 gave the folla.,ing results: 

pH - 7. 6, Cl - 55mg/ 1, total .solids - 130 mg/1, alkalinity -

50 mg/1. These only differ greatly fran those of 1969 -

70 in the slightly higher chloride concentration. 

Ionic ratios fran lake Ototoa are shovm in table 14 

together with those of typical seawater, world average 

freshwater and a number of New Zealand and Australian. 

lakes, or groups of lakes,; The ionic sequence in 

Ototoa is Na> Mg> Ca > K for the cations . and Cl> HC°a 

> S04 for the anions, canpared with the order for typical 

freshwater of Ca> Na = Mg> K and HC03 > so4;::,,, Cl. 

Such enrichment of Na, Cl and Mg is widespread in 

Australasian lakes, especially in those nearer the sea, 

e.g. the Queensland, New South Wales coastal dune lakes 

(Bayly 1964, Tirnms 1969), the SE Australian Volcanic lakes 

(Bayly and Williams, 1964,66), lake_ ~otamahine (Bayly 

1962,), Pupuke (Barker 1970) am the Northland Dune 

lakes (Chapnan and Green 1973) 1 and has been explained in 

terms of atmospheric supply of ions fran the sea, which 

Gorham ( 1961) has shc,.,m is a major source of Na, Mg, Cl 

and so4 but not Ca and K. Even in the very dilute waters 

studied by Stout ( 1%9) (table 14 ) there is a greater . . . . 

proportion of sodium, which presu.r.iab~y also canes fran the sea. 
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I 
IOHIC PROPORTIOIIS 

WATER 
(m-E3:luiV. % of total cations cr anions) 

i'la Mg Ca K Cl HCO3 SO4 Na/Cl Salinity 

Ototoa. 56.3 32 .o 9.0 2. 7 58.4 37 ,2 4.4 0.97 149 

Seawater 77 18 3 2 90 (0.4) 9 0.86 35,OOC 

Mean fresh1 
water 16 

Pupuke 2 49 .o 

Queensland-
New South 
Wales dune3 
lakes 78 

Wooli lakes4ao 

Canter~I.Ir'y 
lakes 31 

k'oargtarna-
hine 96 

Ucrthlan:i 7 
dune lakes 56.1 

lkrthlan:i 8 
dune lakes 60 

Table 14 

17 64 3 10 73 16 1.60 

35.6 13.8 1.6 36.9 48.8 14.3 1.33 

16 4 2 82 2 16 0.95 

14 5 1 75 17 8 1.07 

11 55 2 

2 1 2 38 62 1 2.52 

36.7 4.9 2.4 68.5 13.9 6.1 0.82 

24 13 3 

Canpar-ison of mean pr-oprotions of major> ions 

in Lake Ototoa. with those of other waters. 

(1) Conway 1962; (2) Barker 1970; (3) Bayly 1964;(4) Timms 1969; 

(5) Stout 1969; (6) Bayly Cl.963~ (7) Chaµnan & Green 1973; 

( 8) Cunningham et al. ( 19 5 3). 

146 

225 

39 

74 

147 

(mg/1) 



The relatively small en!"ichment in this case is probably 

relate::l to the distance fran the coast ( 80-90 km) • 

It can be seen from table 14 that the ionic ratios of 

lake Ototoa are more similar to those of seawater than to 

those of starrlard freshwater, arrl there can be little 

doubt that oceanic ion supply via rainfall and Spt"ay is 

of impcrtance in this lake. 

The concentrations of Ca am. bicarbonate are however 

higher in Ototoa than if only atmos!ileric supply of ions 

was impcrtant. These two ions, arrl possibly also some 

Mg, are most likely intra:iuca:i by solution of limestones 

in the consolidate::l Kaihu dunes . High propcrtions of 

bicarbonate in Pu~e (B::rker 19 70) and the Wooli lakes 

( Timms 19 69) are thought to le determined in a similar manner. 

In Ototoa HC03 is mere near-ly ~uivalent to Cl than in Pupuke 

er Aroarotamahine ( table 13) . This has also been found in " 

pon:i studied by Tirans (1967) who notes that in mere dilute 

Australian waters (bela-1 500 mg/1 salinity), Williams 

( 19 64a) has f oun:l a tern.ency far' bicarbonate to became 

approximately ~ual to chloride. 

The low Ca concentrations in Ototoa are similar to 

those of other New Zealan::l lakes ( 2-8 mg/1) which are 

characteristically soft (Fish 1969). 
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Ohle ( 19 34) regards waters with less than 10 mg/ 1 Ca 

as 'poor", those with 10 - 25 r:1.g/l as ''medium" and those 

over 25 rng/1 as "rich" {in relation to prcductivity)o 

Ototoa is thus "poor" as were most: of the Tas.i-nanian lakes 

studied by Williams (1964 b). 

b) Minor Ions: Nitrate concentrations were higt,est 

in mid-winter (0. 6 mg/1, table 12 ) , and decreased 

during spring to 0.17 mg/lo Concentrations rose again in 

the surrmer but declined in March to the lowest value 

found (Q.12 ng/1). Pnosphate tended to be highest in 

late winter and in spring. The high value recorded on 17 

November 1969 ( 10. 2 }1g/l) is the result of the significant 

concentration of 16. 7 ,r1g/l at station C. Tnis may have 

been caused by aerial topdressing, as superphosphate was 

~e~~g distributed over the farmland around the north of 

the lake as the sample was being collected. 

Barker (1970) found similar nitrate concentrations 

in Lake Pupuke (0.09 - Oo27 mg/1) o Lowest values were 

found in the summer, but the_ distinct seasonal cycle 

found in lakes elsewhere (Hutchinson , 1944 ) was not 

obvious~ This was not so in the Wellington reservoirs 

ha..,ever where there was a distinct seasonal trend for l0t1 

surrrner values and hig11 autumn and winter concentrations 

which was found to be related to the development of a 

phytoplank.-ton maxi~um in mid-summer (Stevenson 1952), 

In Ototoa the opposite was true, nitrate concentrations 

were greatest at times of increets.ed phytoplankton densities. 
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In the Wellington reservoirs nitrate varied between 

0.05 and 006 mg/1. Cunningha~ et al (1953) found 

nitrate concentrations varying between O and Oo24 

mg/1 in the West Coast dune lakes (and a value of 

0.20 mg/1 in Ototoa) which are a little lower than the 

concentrations found in this present study. Jolly 

(1968) using a less sensitive method than in the 

present study, found only a trace in three of the lakes 

she studied ( the rest nad none) , and in Lakes Waipori, 

Mahinerangi and Tomahawk lagoon (Mitchell 1371) nitrate 

was always below 0.08 mg/1. 

Phosphate concentrations in Ototoa tend to be 

lower than many reported from other New Zealand lakes. 

Cunningham et al (1953) found values ranging frcm a trace 

to 30 fg/1 (16 ,ug/1 in Ototoa); Jolly (1968) found 

0 - 360 pg/1 in the large North Island lakes; Fish and 

Chapnan (1969) recorded trace - 50 )lg/1 in La..'ke Rotorua 

and trace - 100 ,ug/1 in Rotoiti while Mitchell (1971) 

found 2.1 - 133 yg/1 in Tanahawk lagoon, 0.5 -

3. 0 )lg/1 in Lake Mahinerangi and lo 7 and 8. 7 fg/1 in Lake 

Waipori·. 

Organic Matter~ 

Highest concentrations of total organic matter were 

found in August (fig. 11) but declined considerably during 

September to the lowest values found. Quantities increased 

again in October but fell gradually during the following three 

months o Further increases had occurred in late J anua.ry &"'1d 

early February. 
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On all occasions most organic matter was contained in 

the fraction smaller than 008 cicrons, and so was presumably 

composed mainly of dissolved organic material and small 

nonliving detri tal particles . Fran September onwards this 

fraction underwent a seasonal fluctuation which was the 

reverse of that of total phytoplankton (figo 11) o Tne 

increase in IJovember and February may therefore be caused 

by the gradual breakda,m of dead phytoplankton, and the 

la-, values during September and December may indicate the 

subsequent incorporation of this material into new algal 

stccks. 

Organic matter larger than 0.8 microns was present 

in large amounts only during August. Tnere was a decline 

to low values in September, and.smaller increases occurred 

in late October and again in January. This fraction can be 

expected to correspond to most of the living phytoplankton 

and ]..arger detrital particles, and the large amounts in 

August may be related to the Dinobryon bloan which occurred 

at that time. later changes did not seem to be related to 

any significant changes in phytoplankton numbers. 

The only other determinations pf organic matter in 

Australasian waters by similar methoqs to those used in this 

study appear to be those of Fish (1966) and Bayly (1964)0 

In the Queensland - New South Wales dune lakes during 

August and September 1963, Bayly found values between O. 5 and 

39 .O mg0/1 consumed (mean 15. 7 mg02/1) canpared with the 
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range 8 .97 to ~7mg/l 02 (mean 18. 41 ) in Ototoao 

A few isolated determinations fran samples of water taken 

near weed beds in Lake Rotoiti gave values of 006 -

2.35 mg/1 o2 consumed (Fish 1966). 

8 o Discussion o 

Many of the characteristics of Lake Otot_oa are 

determined by its proximity to the sea. The direct 

effect on the chemical canposition of the lake waters has 

already been discussed above, but more important because 

of its influence on seasonal cycles within the lake, is 

the damping effect of the oceanic climate. The extremes 

characteristic of continental regions are reduced and as 

far as the physical features of the lake are concerned the 

results of this amelioration are seen most clearly in the 

thermal regime. 

Winter temperatures are high, the annual range of 

temperatures is small and when heating occurs it must take 

place at relatively high temperatures where distribution 

of heat into the lake is difficult because of the greater 

density differences which occur as temperature increases. 

Thus in Lake Ototoa a considerable amount of work must be 

done to distribute the heat budget, as shown by the rather 

high value for unit work of the wind (B/0bs = 0.114 gmcrn.crn-2). 

Because of such factors warm monanictic lakes in oceanic 

regions may be expected to have heat budgets that are low 

in canparison with those of dimictic lakeso The budget of 
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Lake Ototoa and those of the other lakes shown in table 7 

are rather low, (with the exception of Lake Okataina), but 

nevertheless it is per.'1aps r.lore interesting that those of 

Pupuke, Ototoa and 1Jgapouri do at least approach the 

annual budgets of nany of the :Jorthern hemisphere lakes 

shc,,.m in table 53 of Hutchinson (1957), and are cor:iparable 

with the budgets of the ELA lakes (Schindler 1971). Two 

factors are probably responsible for this possibility of 

i.ricreased heat uptake by some New Zealand lakes and both 

result frcm the oceanic milieu: 

1. Opportunities for exposure to persistent, variable and 

moderately strong winds, which may be coupled with: 

2. A sla,,er rate of heating between maximtm1 and minimum 

temperatures which facilitates the mixing of heated surface 

waters by the wind deeper into the lake, with the 

consequent development of a deeper thermocline and 

thus a higher summer heat income. In New Zealand 

heat is acquired over similar pericds of time to lakes 

in northern and continental countries, yet the range 

of temperatures of the surface waters is much less: 

c.f. 10° - 2s0 c in Ototoa with 0° - 22°c in the 

ELA lakes (Schindler 1971). 

In Lake Ototoa the large increases in bottom temperatures 

during the year is indicative of the efficient transfer of heat 

into the deeper regions of the lake by these processes. Those 

New Zealand lakes which are well sheltered from the wind develop 
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shallow thermoclines and have very small heat budgets, 

( "- • -2 e.g. ru·oarotamahine - heat budget 6000 cal.cm , 

thermocline depth 4-8m; Auxiliary Nihotupu Reservoir 

Green ( 19 68) themocline depth 2m; small sand dune 

lakes (Cunningham et al 1953) - Okaihau (4m), Westmere 

( 2. Sm), Wai tawa ( 3m)) , while on the other hand slow 

heating and very large surface area are probably the reasons 

for the deep thermocline and exceptionally large heat budget 

of Lake Okataina (Fish 1970). 

Although the reduction of climatic extremes is an 

ID.partant maritime influence, winds and cloudiness are 

variable, and storms can occur at any time, irregularly 

throughout the year. All these factors affect patterns 

of stratification and so there may be considerable variation 

in thermal regimes from year to year. The time of onset of 

stratification is thus probably subject to some variation, 

depending on the particular canbination of wind and 

insolation which occurs during the period of heating 

between September and November. The transient stratification 

which developed in Lake Ototoa between August and October 

1969 may well have stablised had the winds of September 

and October been weaker. Conversely the divergence found 

between the patterrs of stratification of 19 70, and those 

of the summers of 1950 and 1969, indicate that in sane 

years stratification may be less well developed and may 

break dam earlier than found in the present study. 
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Hutchinson (e.g. 1957) has shown that the areal 

hypolimnetic oxygen deficit gives a good measure of lake 

productivity. He regarded lakes which lost oxygen at a 

-2 -1 rate of up to 0.033 mg.cm .day as oligotrophic and those 

. . -2 -1 rn which the rate was between 0.05 and 0.14 mg.an .day 

as eutrophic. Mortimer ( 1956) has suggested slightly 

. -2 -1 different valu~s of 0.025 mg.cm .day as an upper limit 

for oligotrophy and O. 05 5 mg. cm - 2 . day -l as a la.ver limit 

for eutrophy. However, Fish ( 19 70) believed that t"'>-iese 

values did not give an acceptable basis for distinguishing 

eutrophic fran oligotrophic lakes in New Zealand. Ile 

reached this conclusion largely because he found that 

Lake Okataina (which has many oligotrophic features) 

had a similar oxygen deficit to the small eutrophic 

Lakes Okaro and Ngapouri (table 10) . 

. dcwever, when interpreting and discussing areal oxygen 

deficits it is important to bear in mind that they relate 

to actual organic productivity under unit surface area, 

and while this may be reflected in the typology of the lake, 

it is not necessarily so. 'Iwo lakes might have identical 

areal oxygen deficits-but because of differing epilimnetic 

depths, hypolimnetic volumes etc., one may appear eutrophic 

(in the typological sense.i.e.dense plankton, marked 

clinograde oxygen curve, lc:w secchi depth etc.), the other 

oligotrophic. A classic example of this is provided by 

Lakes Mendota and Green (Hutchinson 1938). Because of the 

existence of such morphometrical oligotrophy it is a 

mistake to expect that the typology of a lake will always be 
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able to be defined in terfils of its areal oxygen deficit. 

It seems possible that Fish (1970) found no apparent 

relationship bet'ween degree of eutrophy and areal oxygen 

deficit in the Rotorua lakes because he was :L71 fact using 

t11e te...-rms eutrophy ar1d oligotrophy in the typological 

sense, and was not in fact relating t11e deficits to the 

real biological productivity of the lakes. There is no 

doubt that 0kataina is typologi~ally more oligotrophic 

than lakes Cka..ro and :JgapourL ilowever, the sienificance 

of the oxygen deficits appears to be that they show that 

0kataina is nearly as productive, on an areal basis, as 

the two shallower lakes. 

0kataina has a less dense plankton, and the snaller 

amount of suspended solids (2.0 g!m3 cf 10 and 14 g/m3 

in 0karo and !Jgapouri) was cited by Fish as an indication 

of its lCM1er prcxluction. Ha-1ever "... the plankton crop 

is an expression of trie amount of solar energy converted 

into biochemical energy oo•" Glutchinson 1938) and thus 

lakes should be canpared in terms of weight per unit area, 

since light enters only through the lake surface. Even 

thoug.l-i there was a low density of phytopla."1kton in Okataina, 

t"le epilimnion is very thick and the water is much clearer 

than in 0karo and )Jgap:)Uri, so the actual production under 

unit surface could well be nearly as great as in these 

smaller lakes . 

Care must also be taken when interpretations are based 

on deficits calculated from lakes suc>i. as 0karo and trgapouri, 
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where there is ccmplete deoxygenation in much of the bottom 

waters. Where the hypolimnion is sr.1all, as in these two 

lakes, the oxygen debt from production in t'1e trophogenic zone 

:nay be much greater than can be supplied by the oxygen 

reserves of the hypoli.r:m::.on, and a deficit v1hich is 

uncorrected to give the "real" value (Hutchinson, 1957) 

will give an indication of the productivity of the lake 

which is too low o 

It is possible therefore that some doubt may be placed 

on the interpretation of the oxygen deficits determined by Fishe 

This being the case there seems to be no adequate reason, as 

yet, for; believing that Mortimer 's standard deficit values 

should not apply to lJew Zealand lakeso Nevertheless they 

should be used with caution. Ilypolimnetic temperatures of 

New Zealand lakes vary considerably. Those of the large 

southern lakes are low and constant (.Tolly 1968) , while 

those of many of the smaller northern lakes can be r.iuch 

higher, especia].y when under oceanic influences , as noted 

above. Because of these thermal differences the rate of 

development of the deficit would tend to be greater 

(independan~ of productivity) in lakes of this latter typeo 

If New Zealand lakes as a group are found to have higher 

hypolimnetic temperatures relative to epilimnetic 

temperatures than do lakes in the northern hemisphere, then 

it may be cane necessary to set ti1e limits whic."1 relate 

oxygen deficits to oligotrophy and eutrophy higher than 

recor.unended by Mortimer. 
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The oxygen deficit calculated for Lake Ototoa was 

-2 -1 . 0.015 mg.an .day , and thus on the basis of Mortimer's 

classification is to be regaroed as oligotrophic, in the 

edaphic sense. TI1is la,, deficit w~ developed even though 

there was a thick epilbmion much of which could have been 

trophogenic lie cause of hie clear water. The reduction of 

oxygen which did occur in the hypolimnion during the 

summer resulted from the small volume of water below the 

thermocline, which constituted only 12% of the lake volume 

(cf Okataina 47%, Okaro 44%, Ngapouri 61% (fish 1969); 

Pupuke 33% (Barker 1970); Aroarotamahine ca 68% (3ayly 

1962). Although the deficit may be a little too low 

because of metalimnetic oxygen production, it would seem 

that Ototoa is less productive than any other lake in the 

North Island which has been studied in detaiL This is 

also suggested by the water clarity, relatively low 

soluble phosphate concentrations anc. also the sr:iall 

concentrations of c.11lorophyll and phytoplankton nur:ibers 

(see later)o 
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A-IYTOPLAtJKTOtl 

Few studies have been r.iade of the seasonal cycles of 

i:x1ytoplankton in· lJew Zealand lakes o Those of Flint 

( 1938), Stevenson ( 1952), Cassie ( 1969) and Fish 

( in prep; pers o comn.) have been concerned with the 

larger diatoms, desmids and dinoflagellates, and 

changes in the stccks of nannoplankton likely to be of 

importance as food for zooplankton have been recorded only 

rarely (Green 1968)0 

In this study the phytoplankton was considered because 

of its possible si6Tiificance as food .for the zooplankton o 

The following section is thus concerned mainly with the overall 

seasonal changes in abundance, and the possible causes under­

lying these changes are not considered in any great detailo 

Various of the collections (21 April 1969, ]4 July 

1969, 24 Hovember 1969, 29 Deceober 1969, 27 ,January 1970 

and 17 February 1970) were kindly examined by Drs. E. A. 

Flint and U. Vo Cassie who identified the main types 

present. Tne species list is set out in table 15 The 

dimensions of 10-20 individuals of the corrmonest species 

were measured at a rnagnif ication of x 800 using an eye­

piece micrometer, and the average sizes cal-

culated fra;i this data are presented in table 16. 

1. Chlorophyll a. 

Concentrations of c.'-ilorophyll a throug.11out the 

sampling period are plotted in fig. l2o These values~ 

the averages from the stations sampled on any one date. 
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CHLOROPHYCEAE 

Ankistrodesmus falcatus (Corda) Ralfs 

Ankistrodesmus sp. 

Botryococcus braunii Ktz. 
CoeZastrum reticuZatum (Daug) Sena. 
Cosmarium sp. a 
Cosmaz>ium sp. b 

Dictyosphaez>ium sp. 

Gonatoaygon sp. 

Nephrocytium Zunatum W"West 
Oocystis sp. 

Shaerocystis sp. 

Staurastrum avicuZa? 

S. chaetoceras? (Schroder)G.M.Smith 
S. smithii? facies triradiatum 

S. sagittarium Nordst. 
S. pZanktonicum? 

BACILLAROPHYCEAE 

Cyclotelta stelZigera Cl.&Grun 
Metosira sp. (isZandica?) 

RhizosoZenia eriensis H.L.Smith 
Synedra sp. 
TabeZZaria fZoccuZosa (Roth) Ktz. 

DINOPHYCEAE 

Ceratium hirundinetta (O.F.M.)Schrank 

GZenodinium sp. 

Gymnodinium sp. 

Peridinium sp. 

Table 15 (cont. next page) 
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CHRYSOPHYCEAE 

Dinobryon divergens Imhofo 

D. sertutaria Ehr. 

CRYPTOPHYCEAE 

Cryptomonas sp. 

Cryptomonas? ("small monad") 

CYANOPHYCEAE 

Chroococcus Zimneticus var? 

Table 15: Planktonic algae from Lake Ototoa. 
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CELL SIZE COLONY SIZE 

ALGA Length or Breadth or Length Breadth 
Width()l) Depth <p) <)1) Y1) 

Cyclotella 8. 5 3.4 

Melosira 18.1 11.3 

Other Diatoms 27.3 7.0 

Rhizosolenia 40.3 8.0 

Cosmarium 15.8 9. 8 19.8 16.0 
Staurastrum 7. 8 3. 0 7.8 7. 5 

Gymnodinium 9. 8 8 0 3 
Glenodinium 8. 0 7. 3 

Cryptomonas 18.5 10.5 
Small Monad 7.6 3.2 

Dinobryon 33.3 8.8 178 95 

Botryococcus 

cells 11.5 3.8 
Shaerocystis 3. 5 3. 5 20.2 20.2 

Coe la strum 5.0 5.0 23.8 23.8 

Oocystis 8. 3 4.5 13.3 7. 8 

Ankistrodesmus 13.3 2. 2 37.5 2.2 

Nephrocytium 5.0 3 0 0 11.8 6.2 

Unicells 4.3 4.3 

Chroococcus 5. 0 5. 0 17.3 12.5 

Table 16: Average sizts of planktonic algae from Lake Ototoa. 

The figures given are the means of 10 - 20 

individual measurements. 



Fig. 12: Seasonal changes in the concentration 

of chlorophyll and total numbers of 

phytoplankton in Lake Ototoa. 

Samples were taken at a depth of lm. 
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3etween t1arch and May 19 69 chlorophyll concentrations 

remained relatively constant at about 1 mg/m3. Follcwing a 

decrease in early June concentrations increased to ca 2 mg/m3 

in July. Maximum concentrations of chlorophyll were found 

during mid-winter - in late August - and resulted fran 

large increases in numbers of Din.obl'•yon (see later). 

After another small increase in early October ci,lorophyll 

fell to the lowest values later in this month ( 0.039 mg/m3 

on 19 . 10. 69) . Over the rest of the sampling period values 

remained very lc:M, although increasing gradually to attain 

concentrations of ca 1 mg/m3 in early March 1970. 

Compared with chlorophyll concentrations deternined from 

other New Zealand lakes, those fron Ototoa are very low, 

and show less pronounced variation e.g. Stout (196G) 

0.22 - 8.88 mg/m3 in the Canterbury mountain lakes; 

Barker ( 1970), ca 2 - 145 ng/m3 in Lake Pupuke; Mitchell 

( 19 71) , ca l - 60 mg/m 3 in Tomahawk lagoon and ca L 7 5 -

14. 5 mg/m 3 in Lakes ;ilaipori and Mahinerangi; and also 

Lakes Rotorua and Rotoiti (fish, pers. comm.). 

In Lakes Rotorua and Rotoiti, Fish found highest 

chlorophyll concentrations in late autumn and winter, 

with generally lower values in the spring and summer, 

as was also found in Ototoa. This situation contrasts 

with the cycles found by t1itchell ( 1971) in Lakes 

~-Jaipori and Mahi.nerangi and the To..-:iaha,,Jk lagoon, and 

Barker (1970) in Lake Pupuke where concentrations were lav 

in mid-winter and highest in late sumner and early autumn. 
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Such a cycle is also characteristic of many lakes in 

other parts of the world~ (ilutc'"linson 1967). 

2. TotalNumber.s_ of Phytoplankton. 

The numbers of cells per litre plotted in fig. 12 

are the average numbers fran all stations sampled on any 

one date. 

Like chlcrophyll concentrations total phytoplankton 

numbers were la-1, generally being between 200 x 103 and 

800 x 103 cells.per litre (cf Lake Rotorua,(Cassie 1969) -

300 - 5000 cells/ ml). Between March and July 1969 

numbers were variable with minima in late April, late 

May and late July. In August and early September ( late 

winter and early spring) total numbers were high (600 -

800 x 103 cells per litre). Numbers fell during September 

and during much of the spring (October and November) the 

standing stock was low (ca 300 x 103 cells per litre) 

and constant. 

l~umbers increased during December to mid-summer peak 

in late December and early January, and after a decline 

in late January and early February a further peak developed· 

in late February and March. 

Similar changes in total numbers have been found by 

Cassie ( 19 69) and Fish ( pers. comm.) in Lakes Rotorua 

and Rotoi ti, al though in these lakes the changes in numbers 

are much greater, and there is often a steady decline over 

the spring from high winter concentr~tions and summer 

increases may be absent. 
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Seasonal Cycleso 

Apart from the macroscopic colonies of Botryoaoaaus 

braunii the species most characteristic of the phytoplankton 

of lake Ototoa was the centric diatom CyaZotella atelZigera 

which was mnnerically dominant for most of the yearo After 

decreasing in numbers between March and May 1969 it 

increased to maximal densities during mid-wintero !Iumbers 

then gradually dropped during the spring; a11d there were 

smaller increases in ~cember and February 19 70 o The 

cycle of abundance exhibited by Cyalotella appears to be 

inversely related to that of the temperature of the upper 

15 metres of water (fig. 13) o This may imply a 

preference for cooler waters, although the decrease 

during March and May 1969 and the increases in fecernber 

and February during the sunmer do not support thiso 

It is possible however that turbulence is necessary to keep 

cells of Cyalotella in suspension (Hutchinson 1967) and 

that the decreases in spring and summer result from 

settling out during the period of temperature stratification 

when the vertical canponent of turrulence is reduced. 

The desmids found in lake Ototoa were two unidentified 

species of Cosmariwn and four species of Staurastrum. 

So ahaetoaera.s ands. sagittarium were found very rarely, 

and Dr. Flint (pers. canm.) notes that it is unusual to 

find the fonner species in an oligotrophic lake but that it 

is very common in the eutrophic lakes of the Rotorua area. 

Tne most canrnon desmids were the small S. p Zan.ktoniaum 

ands. smithii which were responsible for the greater 

part of the changes in stock of Staurastrum shavm in 
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Fig. 13: Seasonal changes in numbers of the 

individual phytoplankton species 

in Lake Ototoa. Samples were taken 

at a depth of lm. 
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figo l3o As found elsewhere (Hutchinson 1967) Staurastl'wn 

is a summer form and in Ototoa it exhibited peaks in early 

December, January and also further increases in February 

and March when So ohaetoaeras was most abundant o Throughout 

the rest of the sampling period numbers were la.-1, especially 

during spring and autumn. CosmaPiwn was found in low, 

fairly constant densities during autur:m, winter and early 

spring, and declined to la-,er levels later in the spring. 

Numbers increased again in the summer and during late 

February and March 19 70 there were marked increases to 

densities about twice those during the rest of the sampling 

periodo 

The two commonest dinoflagellates were Gymnodiniwn 

sp and GZenodinium sp, although very small numbers of 

Peridiniwn sp and Ceratiwn hir'UJ1,dinel,l,a were also found on 

occasi~ns.·· Gymnodinium was most carmon in late spring and 

early. summer when it was one of the most conspicuous members 

of the florao After declining in numbers in December and 

January., it increased again at the end of the sampling 

periodo Small numbers were also present during winter and 

early spring. GZenodiniwn was found in fluctuating numbers 

over the whole of the summer period, and in December, 

January and February was the most common dinoflagellate. 

It also occurred in small numbers during the autumn of 

19690 Dinoflagellates are alloauxotrophic,requiring 

accessory organic substances for successful gra,ith. The 

increases in the fraction of organic matter smaller than 
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0.8 f which occurred in November (fig. 11) may therefore have 

been associated with the increases in abundance of 

Gymnodinium and GZenodinium. 

Cryptomonas, although found in greatest abundance in 

late autumn was present in rather constant low numbers during 

most of the sanpling period, except for_a period of absence 

in late December and early January. .Another small monad 

_(probably a small Cryptomonas - Flint, pers.comm.) was also 

most abundant in late a.itumn, but during the spring months it 

underwent a number of increases and was a conspicuous member 

of the phytoplankton, at times when the densities were 

generally low. 

Dinobryon spp had three main periods of abundance. 

Th~ principal one during late August and September was 

responsible for the main peak in chlorophyll a conc~trations, 

and together with increases in cells of Botryoaoaaus broa:wiii 

and CyaZoteUa caused the maxima in total phytoplankton 

numbers during August and September. Further major increases 

in numbers of Di.nobryon occurred in December and February 

with a smaller increase in early November .. In the 

Wellington reservoirs (Stevenson 1952 ) and in the 

Auxiliary Nihotupu reservoir ( Green 19 68) Dinobr•yon was 

found to occur at similar times. In lakes overseas 

Dinobryon divergens is kna.m to increase at times of low 

phosphate conc~trations (bel~ 5 pg/1) follaving previous 

period of diatan abundance in spring. Flint ( 19 38) believed 

that such a relationship did.not explain the periodicity of 
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Dinobryon in lake Sarah, in the South Island of New 

Zealando In lake Ototoa the main outburst of Dinobryon 

in August and September did follow the main period of 

diatom abundance, which was between May and August 19 69 , 

but unfortunately no determinations of phosphate 

concentrations were made before September. The concen-

trations of soluble phosphate in September was 5. 95 ;ig/1, am. dropped 

to 1. 00 )lg/ 1 in October, when ho,Jever Dinobryon had also 

decreasedo Between November 1969 and February 1970 

phosphate concentrations were constantly below 5 }1g/l, 

and yet numbers of Dinobryon both increased and then 

declined. It seems likely then, that as in Lake Sarah, 

changes in phosphate concentration were not the main 

determinants of the seasonal cycle of Dinobryon in Lake 

Ototoa, at least in the summer. 

Colonies of Dotryococcu.s braunii were always 

obvious in the water of Lake Ototoa, ho,Jever they were 

found only rarely on the filters during counting. The 

numbers plotted in fig. 13 refer to free cells which were 

always present, but it is not known whether these counts 

reflect a true abundance of free cells in the lake water. 

Conceivably such cells could becan.e detached from the 

colonies after the sample had been fixed in Lugol' s 

iodine following collection. 

Sphaerocystif was mainly a summer form, although there 

was a small increase in May, and small numbers present during 

the winter and spring o Tnere were two peaks of abundance, 

69 



in late December and in early February o During January 

and February the mucous sheaths surrounding the colonies 

contained bacterial cells orientated at right angles to 

the colony surface and such infestation is thought to 

be characteristic of a declining population (Flint, 

pers . comm) . Coe 1-astrum was most abundant in May, but 

was also found in smaller numbers in spring and surraner -

when there was a smaller peak in late December. 

Ooaystis occurred in small numbers throughout the whole 

of the sampling period while Nephrooytium was found only 

in the summer, with peak abundance in late December -

early Januaryo Ankistrodesmus had three periods of 

abundance, in July, October and November, and Januaryo 

An unidentified unicell was moderately corrmon between 

autumn and spring, but disappeared during the warmer part 

of the summer. 

The only myxophycean recorded was Chrooaooous 

1-inmetiaus and apart from some isolated occurrences in 

1969 it was found only in late summer and early autt.nnn 

(during February and March), when it underwent a large 

increase. This is a typical seasonal cycle for a blue­

green alga, which are almost invariably found in abundance 

at the end of summer in association with increases in 

dissolved organic matter and lowered nutrient levels 

(Hutchinson, 1967)0 
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Cunningham et al (1953) did not make any quantitative 

counts of the phytoplankton of Lake Ototoa during their 

1952 survey o However in a similar sand dune lake near 

·,.Jellington ( Lake Kopureherehe) they found a phytoplankton 

asse."llblage similar to that reported from Lake Ototoa in 

this study, although in Kopureherehe the concentrations ·were 

a little lowerc Their counts are set out in table 17. 

FollaMing the classification of phytoplankton 

associations advocated by Hutchinson (1967) the phyto­

plankton of Lake Ototoa would appear to exhibit features 

of types 1 - 4 i.eo an oligotrophic diat~' (cya"l,otezia, 

Rhizos o"leniaJ- desmid (Staurastrwn) plankton, associated 

with iJotryoaoaaus braW1.ii, Dinobryon and Sphaeroaystis. 

ALGA No/litre 

Cyclotella 216,000 

Navicula 21,000 

St aura strum spp. 13,000 

Ankistrodesmus 8,000 

Peridinium 150 

Eudorina 30 

Closterium 20 

Oocystis 20 

TOTAL 258,220 

Table 17: Phytoplankton concentrations in Lake Kopu­

reherehe, August 26 1952. Data from 

Cunningham et al (1953). 
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ZOO?LmKTON 

The zooplankton of lake Ototoa was daninated by the 

small centropagid calanoid copepod CaZamoeaia Zuaasi 

Brady, which is widely distributed throughout the north 

of New Zealand and eastern Australia ( Timms 19 70 , 

Olapnan and Green, 19 73) . The cosmopolitan cyclopoid 

copepod J.tesoayaZops "l,euaka.rti Claus was found in very 

small numbers, and the only li.mnetic cladoceran was 

Bosmina meridionaU.s Sars. The other New Zealand 

limnetic cladoceran Cerioda:phnia dubia Richard was 

absent as it is fran other New Zealand coastal lakes of 

high alkalinity. The Rotatoria were represented by 

AspZanahna pl"iodonta Gosse, Conoahi"l,oid.es aoenobasis 

Skorikc:M, Fitinia terminaU.s Plate, Synahaeta sp. and 

He:carthm sp. 

In this and following sections numbers of zooplankton 

refer to numbers per "standard sample." Early in the 

study when only station B was sampled these are the 

numbers found in the one sample taken. But for the 

remainder.of the study when three stations·were sampled 

this figure has been obtained by totalling the numbers in 

the samples from stations A, Band C and then dividing 

by three. If it is assumed that the net was 100% 

efficient, then the numbers per sample may be converted 

to numbers under 1 m2 by multiplying by 31.8 and to numbers per 
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m3 by multiplying by 1. 77. While it is certainly 

unlikely that the net was in fact 100 % efficient, 

because of clogging and spillover at the net mouth, care 

was always taken to ensure a sloo and steady net haul and 

because of the fairly sparse plankton in 1..ak.e Ototoa 

clogging was not likely to ha~e been very important. 

Thus the conversion factors probably give close approxi­

mations to the true values o The numbers per sample as 

used in this study are fully comparable with those 

of Chapman ( 19 72) who used a net of identical design in 

her studies of zooplankton in Lakes Rotorua and Rotoiti. 

1. Total numbers of Zooplankton. 

In late March and April, during the autumn of 1969 9 

there were two large peaks in total numbers of zooplankton, 

after which numbers declined considerably in May. Similar 

autumnal falls in zooplankton numbers have been reported from 

Lakes Rotorua and Rotoiti (Chapnan 1972). Numbers then 

gradually increased to an ea_r:ly winter peak in July, after 

which numbers fell again to lower values in mid-winter. During 

September and October there was a large spring outburst, 

caused mainly by increasing numbers of Bosmina and rotifers, 

followed by a decline in November. During the summer numbers 

again increased, and there were peaks in December, January and 

Februaryo In spite of these variations compared with other 

New Zealand lakes the total numbers were rather constant (Chapman 

1972, Barker 1967, Green 1968)0 
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Fig. 14: Seasonal changes in the total numbers 

of zooplankton, and in the standing 

stocks of the major groups. Stock 

numbers are expressed as numbers per 

standard sample in this and following 

figures (see text). 
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2. Individual Species. 

The seasonal biology of the dominant zooplankter, 

Cala:moeaia luaasi, is the major subject of this thesis, and 

the seasonal cycles of the other zooplankters will be only 

briefly described. 

a. Calamoeaia luaasi: Total numbers of Cala:moeaia 

luaasi showed little change over the sampling period and many 

of the minor rises and falls in fig. 14 may have resulted 

partly fran sampling variability. The standing stock was 

highest during the summer of 1970 (between December 1969 and 

March 1970) and during early autumn 1969. Fran March to 

May 1969 numbers declined following two major peaks of 

abundance (in late March and late April) and during the rest 

of the year numbers fluctuated around a mean level of about 

7-8 thousand per sample. While the mean population size 

in Lake Ototoa (x = 10,163, CV = 31%) was much lrner and 

constant than in Lakes Rotorua (x = 18,228, CV = 50%) and 

Rotoiti (x = 25,062, CV = 38.5%) (Cllapnan 1972), the broad 

patterns of seasonal change, with high summer and autumn 

and lo.,.,er winter numbers, is similar in all three lakes. 

b. Mesoaya 7,ops leuakarti: The stock of M. leuakarti 

was much lower than that of Ca Za:moeaia at all times 

(fig. 14 ) . Numbers were greatest during the autumn of 

1969 and the early summer of 1969 - 70. This pattern of lrn 

winter and high summer numbers of M. Zeuakarti is generally 

similar to that found in other New Zealand lakes, although 
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sanewhat different in detail. In Lake Pupuke, Barker 

(1967) found that numbers of M. l,euakarti increased 

in early August, declined and then increased again in 

September. Standing stocks then returned to la.-J levels 

until a further increase occurred in February and March, 

folla.-Jed by a decline to la.-J winter values. Green (1968) 

found similar patterns in the Auxiliary Nihotupu reservoir, 

and suggested that in Northern New Zealand the seasonal 

cycle of M. l,euakarti is like that found in Lago 

Maggiore by Ravera (1954) where /.1. l,euakaJ:>ti breeds 

mainly in the spring and summer but is present througi'1-

out the year with continuing slow development in the 

winter. Such a cycle contrasts with those found in 

lakes further north in Europe, where breeding occurs 

only in the summer with the production of two generations. 

The developnent of the second generation ceases at 

either copepodite IV or V which then either go into a 

state of diapause in the bottom mud or overwinter in the 

plankton without further development until the follaving 

spring. In Lake Ototoa breeding probably occurred 

throughout the year, because even though ovigerous 

W were only very rarely found cyclopoid nauplii were 

always present in the samples. 

c. Bosmina meridional,is: Bosmina meridional,is was 

the only limnetic cladoceran found in Lake Ototoa 

during this study. There was a large autumnal increase 
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in the population between March and early May (figo 14 ) , 

and numbers dropped to lower levels during the winter, 

although there was a slight mid-winter increase during 

July o A large spring inCI"ease followed in September, and 

after a gradual decline in October and November there 

was a summer increase in December and Januaryo For 

the rest of the sampling period numbers were a little 

lowero 

The cycle observed in Ototoa is generally similar to 

that found by Chapnan (1972) in l..akes Rotorua and 

Rotoi ti o HCMever, in these and in other lakes in the 

North Island of New Zealand, Bosmina co-occurs with 

Ceriodaphnia dubia which often increases markedly in late 

spring or surrnner and for a time may replace Bosmina 

which either disappears fran the plankton or is present 

in much reduced numbers (Green, 1968, Chaµnan lac. cito)o 

In Lake Ototoa the absence of a potentially canpetitive 

Ceriodaphnia population may be one of the reasons why 

Bosmina maintained a moderately large population during 

the summero Bosmina is kncwn to feed on smaller 

particles than other cladocera (Burns, 1968) and is 

probably a bacterial and detritus feeder o Such material 

would be in high concentration fran late spring to autumn o 

The period of maximum abundance of Bosmina also 

corresponded with times of occurrence of many small gr,een 

algae, small monads and the dinoflagellates - some of 

which may have served as focx:1 c 
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d. Rotatcria: Rotifers ( fig. 14- ') were found in 

greatest abundance during the spring, · but there were also 

smaller peaks in March, Jt11:e, December and February. Numbers 

of AspZanahna priodonta underwent two major increases, during 

early .spring in September, and in December during the summer 

(fig. 15 ) . Two other smaller peaks occurred in late 

April and June, and during the rest of the year it was either 

absent or present in only very low numbers. Such spasmodic, 

large increases are characteristic of Asp1,anchna, and ti. 

cycle of A.priodanta in Lake Ototoa is similar to that 

observed in Lakes Rotorua and Rotoiti (Chapnan, loc. cit.). 

Asp1,anchna is a raptorial form, and it may be significant 

that the pericxis of maximum abundance either closely followed 

or coincided with periods of abundance of Di.nobryon. 

Species of Synchaeta, another small raptorial fonn, are 

often most canmon during spring and stmmer. In Ototoa 

Synahaeta sp showed one pronounced period of abundance in 

th~ spring and was absent for th~ rest of the year except 

for small numbers which were found in December and January. 

Elsewhere in New Zealand species of Synchaeta have been 

found to develop during spring and surruner in a similar 

manner (Byars, 1960, Barker, 1967, Green, 1968). 

Conoahil,oides coenobasis was present in only small nunbers 

during surmner and winter, but it became much more prani.nent 

in tfie autumn and especially during the spring, in 

October Conochil,oides is thought to feed on particles , . 

smaller than 12 /1 (Hutchinson,1967) and such fonns were 

becaning more abundant in Lake Ototoa during the spring. 
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Fig. 15: Seasonal changes in the standing stocks 

of the various rotifer species. 
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ConoaiiZoides has been recorded in New Zealand by Byars (loco cito) 

fran a JX)nd in Otago where it was most abundant in summer, and by 

Green ( loco cit o ) fran the Auxiliary Nihotupu reservoir in 

Auckland where its cycle was similar to that in Lake Ototoa, 

with maxirrn.nn abundance in the springo ConochiZoides is also a 

spring form in South Africa (Hutchinson loco cito)o Fil-inia 

terrninaZis, another species which probably feeds on particles 

smaller than 12 p, also increased markedly in October and was not 

found during the rest of the year apart fran a few occurrences 

during March of both 1969 and 19700 The only other rotifer 

found was a species of Hexarthra which occurred sporadically in 

very low numbers during the sunmer but was most abundant during 

late autumn and early winter of 1969 9 especially in July when it 

was the dominant rotifero A noticeable feature of the rotifer fauna 

of Lake Ototoa was the absence of species of Kerate Ua which are 

generally considered sane of the most characteristic of the 

temperate region and which are abundant in other New Zealand lakes 

eogo Pupuke (Barker, 1967)0 
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THE BIOLOGY OF CALANOECiA LUCM 1 

L Introduction: 

In the following sections the seasonal biology of 

Calamoecia Zuccai in.Lake Ototoa will first be described, and 

then the population dynamics and production will be considered. 

Throughout comparisons will be made with the populations studied 

by Chaµnan (1972) in order to bring out any similarities and 

differences which may occur between the ecologyof c. Zuami 

in lakes of diff~ent trophic status. 

Seasonal Changes in NJmbers of Developmental Stages: 

The seasonal changes in numbers of different developmental 

stages f ran nauplius to adult are shown in fig. 16 In New 

Zealand Calamoeaia breeds throughout the year and so various 

growth stages are always found in the plankton. 

Hauplii increased to greatest numbers during winter and 

fell away gradully during spring and summer. Changes in 

naupliar numbers throughout the year are inversely related to 

temperature and this probably reflects a fairly constant egg 

production and longer naupliar developnent times at lower 

temperatures. Copepcxiites were found in.highest densities 

between spring and autumn. Between late autumn and early 

winter, however ,numbers in the successive gra.,.rth stages 

declined sequentially to very low levels followed by gradual 

increases, prQgressing through the developmental stages, to rather 

a::mstant low winter levels of abundance. Similar sequential 

drops in numbers of the copepodite stages occurred during 

the spring, in October and November followed by increases to 

the larger suimner populations. Numbers of adults were more 
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Fig. 16: Seasonal changes in the stocks of 

nauplii, copepodites and adults of 

CaZamoeaia Zuaasi in Lake Ototoa 

during the sampling period. 

N = nauplii 

I V = copepodites I to V. 
-JI 

0 ~ males 

~=females 
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constant and there was little difference between the average standing 

stock. of winter an:i sumrnero However weak. (yet significant - see below) 

peaks of abun:::lance did occur in the sµ-ing (October) , summer O:::ecember­

Januar-y; February) and autumn (Mar'ch to May) c 

On the whole the pattern is similar to that found by Chapman 

(1972) fer Co Zuaasi in Lakes Rota:'ua and Rotoiti although she found 

naupliar peaks in Spt'ing and autumn, rather than a gra'.iual inC!'ease 

over the winter , an::l the nwnbers of copepa:ii tes, and particular' ly 

a:lults, shwed greater variations in nunbers o 

The relative abundance of the various grcwth stages was also 

similar to those found by Chaµnan (loco cit o) except that the numbers 

of nauplii fcrma:i a smaller fraction of the population in Ototoa than 

in Rotcruao The annual mean percentages of the total population and 

80 

the range of variation for the vat'ious stages were: Eggs-6% (4% to 18%); 

N-19% (3% to 50%); CI-8% (1% to 18%); CII-7% (1% to 18%); CIII-7% 

(1% to 18%); CIV-8% (1% to 20%); CV-12% (1% to 32%); and adults -

33% ( 15% to 53%) o Such propcrtions seem similar to those of llorthern 

Hernisphere copepa:is that have been studied (e ogo Ravera 1954; 

Chapr:ian 1969; Canita 1972) but contrast with those foun:l. in 

Boeake 7, la propinqua~ another New Zealand copepa:i, where nauplii generally 

constitue the gr-eatest fraction of the population, with pt'ogressively 

smaller proportions being f oun:l in each suceeding copepa:ii te stage, 

with ~ture cdults often comprising a much smaller percentage of the 

standing stock than in Co Zuaasio Thus Bayly 0962) found that in Lake 

liroarotrnahine the percentage of the population that was mature ranged 

between 10% arrl 37%, Green ( 19 6 7) found that in the Auxiliary Nihotupu 

reservoir mean numbers of the different stages were: 



Eggs-35%; N-32%; CI-10%; CII-7%; CIII-5%; _CIV-3%; CV-2% and· adults 

- 6%, while Jolly (perso corrmo) has found that in Lake Taupoduring 

1971 the :i;:ropcrtions were N-30%; CI-40%; CII-20%; CII+IV+V-8%) and 

adults 3% o Such proportions have been confirmed by Chaµnan ( pet's o 

cornrno) who also studie::l Bo propinqua in Lakes Taupo and Rotoaira 

dl.lt'ing 1970 o !Toviding that the ratio of length of life of a 

par-ticular stage to the total taken to grON from egg to adult 

is similar- in both genera, then this situation may reflect 

dif f er'ent patter'ns of the incidence of mer tali ty in Co iuaas i 

and Boeake"l'la propinquae Unfortunately no development times for 

Boeake Ua are available to enable this possibility to be exarnine::l o 

3 o Breeding Parameters: 

(a) Clutch size: 

The mean clutch size of Co iuaas i in lake Ototoa ( fig o 17) 

remaine::l monotoncusly constant and lON throughcut the sampling 

perio:i, rising above 2o00 only twice (2 o0l on 25 August; 2o08 on 

24 November'), and generally being between L 80 and lo 90. The 

minimum was 1. 30 on 3]. ·March 1969. 

The other populations of C. iuacs i that have been stwie:i also 

have low clutch sizes (e.go Chapman, 1972; Rotorua, annual mean 3 .33, 

range L75 - 6.0p; Rotoiti, annual mean 1.97, range 1.1 - 3 0 4) 

although none have clutches as low and unvarying as those found in 

Ototoa. Moreover, clutches of 3 were found only rarely in Ototoa, 

and a clutch of 4 found only once among sane 4,000 ~~ which were 

examined, whereas in the other populations of Co iuaas i clutch 

sizes between 5 and 10 are relatively canmono In a pond on the 

campus of the University of Waikato, which contains a dense population 

of Co iuaas i clutches of up to 30 eggs are of ten f oun:i o 
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Fig. 17: Seasonal changes in the breeding 

parameters and numbers of nauplii 

of Calamoecia.luaasi in Lake Ototoa. 

Egg stock, nauplii and number 

ovigerous as numbers per sample. 
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Co Zuaasi 1.s a small copepai and might be expecte:i to pr-aiuce 

smaller clutch sizes than the larger species of Diaptomus and Boeakel-Za 

(where clutches of well over 100 have been r epcr' too , e.g. B. propinqua 

can bear clutches containing 80 to 130 eggs, Q:,een 1968) solely because 

of physiological limitations on egg IX'aiuction inherent in such small 

size. Nevertheless, because of the clutch sizes which can be praiuced 

by some populations of c. Zuaasi those praiucro by the Ototoa population 

must be considere1 to be very lo.,,,, even far> Cal-amoeaia. This may be 

relate1 to the oligotrophic natUl'.'e of Lake Ototoa, and conseg_uent 

l0v1 foai levels. The lowering of clutch sizes of a species in its 

mcre oligotrophic habitats is kn0tm far northern hemisphere copepods 

(Hutchinson 1967). 

The constancy of clutch size in lake Ototoa is also notable, 

because even in a poor lake a seasonal change in clutch size inducro 

by temper>ature might be expected. This may irrlero have happened to a 

slight extent as the highest clutch sizes were fourrl at the time of 

lo.,,,est temper'atUl'.'e in August (table 18). This effect was minimal 

ho.,,,ever, and it seems that foal levels in the lake were so low as to 

be below the level where temperature changes could effect any significant 

change in clutch size. 

It is tempting to suggest a scheme relating clutch size to foai 

levels and temperature in which there is some minimum foal level below 

which eggs ar>e not iraiucro at all, aI1? a secon:::l, higher foal level below 

which the number of eggs :prialuced is dependant on variations of both 

foal and temperature, perhaps in a way similar to that describro by 

Deevey (1960, 64) fer copepal lengths and above which the physiological 

maximum number of eggs is IX'o::lucro, the number being dependant only on 

temperature (e.g. McLaren 1963 ) . 
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No. of W %ovigerous 
No. Egg 

Date ovigerous Clutch Stock 

10 Marich 1969 1668 20.0 334 1.84 615 

17 Mar-ch 1534 18.0 276 1.85 511 

24 Mard1 3534 7.3 258 1.85 477 

31 March 1666 o.o 0 1.30 0 

12 April 1934 4.0 77 1.82 140 

21 Apr-il 1532 6.0 92 1.80 166 

28 April 2822 17.7 499 1.87 933 

5 May 1867 24.2 452 1.70 768 

12 May 1227 7.5 92 1.97 181 

19 May 1267 18.0 228 1.81 413 

26 May 2400 12.3 295 1.91 563 

2 June 933 16.2 151 1.80 272 

9 June 1645 22.7 373 1.88 701 

16 June 1311 22.6 296 l.86 551 

30 June 2067 18 .1 374 1.95 729 

5 July 1645 19.5 321 1.88 603 

14 July 2667 37.5 1000 1.84 1840 

21 July 1533 34.6 530 1.94 1028 

28 July, 1645 22.6 372 1.75 651 

4 Augwt 889 13.8 123 1.95 240 

11 August 2250 24.7 556 1.94 1079 

18 August 922 20.l 185 1.86 344 

25 August 1561 38.4 599 2.01 1204· 

1 September 2400 23. 3 559 1. 92 1073 

8 September 1511 16.4 248 1.91 474 

15 September 1422 14.3 203 1.79 363 

22 September 1378 20.7 285 1.84 524 

29 September 2867 20.4 585 1.75 1024 

6 October 1209 24.5 296 1.89 559 

13 October 3445 15.5 534 1. 78 951 

19 October 2289 35 .o 801 1.93 1546 

26 October 3o89 27.9 862 1.89 1629 

Table 18: Contd .... 



No Egg 
Date No.of~~ %ovigerous 0vig. Clutch Stock 

2 November 

9 November 

17 November 

24 November 

30 November 

14 December 

22 December 

29 December 

6 January 1970 

12 January 

19 January 

2 7 Janiar-y 

2 F el:r Uar'Y 

9 Februar-y 

17 Fel:rUar'y 

23 February 

3 March 

9 March 

MEAN 

s 

CV% 

Table 

2306 18.0 415 1.85 768 

1155 17. 7 204 1.78 363 

1473 36.6 539 1.90 1024 

1600 46.4 742 2.08 1543 

1056 15 .4 163 1.86 303 

1267 15. 7 199 1.91 380 

2423 5.0 121 1.86 225 

2317 3.7 86 1.67 144 

2400 14.0 336 1.81 608 

2134 15.5 331 1.89 626 

1311 12.8 168 1.85 311 

1889 24.3 459 1.81 831 

1755 15.2 267 1.86 497 

2245 8.8 198 1.77 350 

2867 21.4 614 1.89 1160 

2800 11. 7 328 1.87 613 

1533 9.5 146 1.88 274 

1867 12.8 239 1. 74 416 

1891 . 18 .0 355 1.85 664 

653.6 9.7 221.8 0.11 424.2 

34.6 51.3 62.5 5.90 63.9 

18 . : Breeding Parameters of CaZ.amoecia 

Z.uoce i from Lake 0totoa 19 69 - 19 70. 
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These food levels would of course be dependaht on the 

population density of the copepod in relation to its 

ability to gather food and on the replacanent rate (e.g. 

division rates of algae) • of the focrl which is likely to be the 

greatest during the warmer months of the year. , A population 

existing in an environment providing a food level near the 

lower of the two would be characterised by a clutch size 

averaging between 1 and 2 , because the ovaries are paired 

and a minimal possible egg production is likely to be 

expressed, therefore, by the production of a single egg 

from one, or perhaps both ovaries. 

It is suggested that the la.v and constant clutch size 

indicates that the population of CaZamoeaia Zuacsi in Lake 

Ototoa may be existing near this la.ver food level. 

(b) Percentage of Females Ovigerous: 

The percentage of the female population bearing eggs is 

shc,,.m in fig. 17 and table 18 • 

Percentage ovigerous dropped to the la.vest value recorded 

at the end of March, just after sampling had begun. Values 

then increased gradually during April and May, and during 

much of the winter and spring, fran June to November, the 

percentage bearing eggs fluctuated around a level of between 

20% and 30%, with noticeable increases occurring in early 

May, June, August, October and November. Percentages fell to 

low levels during December ( 3. 7% ovigerous on 29 December) 

and during the rest of the surraner of 1970 percentage 

ovigerous fluctuated between 10% and 20% with peaks in early 

and late January, and mid-February. 
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The armual picture is thus one of higher winter ard spring 

percentages of W carrying eggs ard la.-,er- summer pericentages, with 

intervening per-ia:ls of very la.-, percentages in late autumn an:1 early 

summer. 
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The annual mean pericentage bearing eggs was 18 .8%, ranging between 

0% arrl 46. 4% (table 18) • This is rather la.-,er than found fer the 

populations in lakes Rotcrua and Rotoiti (Chapman 1972) which varie:::l. 

fran 8-66% an:i 11-82% respectively. The year-ly patter~ was also 

different; with pronounced winter depressions in pericentage ovigerous 

being found on both Rotcrua and Rotoiti. 

(c) Number of OJigerous Females: 

Because of the rather- constant number of total !j?!j?, the number 

of ovigerous W lar'gely reflected changes in the percentage bear-ing 

eggs, although because of fluctuations in total W abundance there 

was greater annual variation (aver-age year-ly rn.lJ'nber of ovigeroos 

W/sample = 355, table 18) . Hcwever- significant trends and peaks in 

the percentage ovigerous curve which werie noted above remaine:::l. clear-ly 

defined in the cUr've of number-s of ovigerous !j?!j?_ 

In Lakes Rotcrua arrl Rotoiti Cha:i;:man (loc. cit.) found that the 

numbers of weeding females of Ca"/,,amoeaia Zuaasi followed changes in 

the total ~ numbers, rather- than percentage of .breeding !j?!j? as found 

in Ototoa. - even though the var-iation in pericentage ovigerous in the 

Rotcrua lakes was much lar'ger. This resulted from the grieater change 

in total ~ abun::iance in these lakes than in Ototoa and ser-ves to 

illustrate that the ai,1plitu:lES of year-ly changes characteristic of most 

lirnnological even ts :in Ototoa were much reduced when compar-ed to those 

in mere priaiuctive lakes further sooth in New Zealard. 



(d) Egg Stock: 

The egg stock of any one date has been detennined by 

multiplying the number of ovigerous W by the mean clutch 

size and so will be affected by all of the parameters 

discussed above. Because of the constancy of clutch size 

annual changes in the egg stock (fig. 17 , table 18 ) 

were practically identical to those of numbers of ovigerous 

W This has also been found by Chapman ( loc. cit.) but for 

Boeake Z la propinqua Green ( 19 68) found that variations in 

clutch size usually accounted for changes in egg stock. 

( e) The Number of Clutches per Female: 

/ID estimate of the number of clutches produced by the 

W during the year may be made using a method outlined by 

Chapman (1965). The monthly mean numbers of ovigerous W 

were divided by the monthly mean egg development times 

(using egg development times at different temperatures 

presented on page 14 0, and the temperature of the upper 15 

metres, where most animals were found) to give an estimate 

of the numbers of ~~-ircxrucingeggs per day, 

and thus per month ( table 19 ) . The number of W 

producin~ eggs per month was then divided by the monthly 

mean stock of W to give the number of clutches these W 

could have produced. 

It can be seen fran table 19 that clutch production 

was highest in spririg and summer when between 2 and 3 

clutches could have been produced (maximum 3. 2 in November) . 

In other months clutch production:varied between 1.3 and 

L 6 ~ -l and the yearly average was L 9 clutches. 
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Month No. ovig. 
females 

March 189 

Apr'il 224 

May 286 

June 302 

July 453 

Algust 399 

September- 396 

October 582 

November 446 

December 181 

January 275 

February 335 

March 238 

MEAN 

Table 19 

Ho. females 
Egg devel. pro:i uc:ing eggs . Ne. of 

time per day per month females 

2.10 90 2790 2101 

2.63 85 2550 1964 

3.13 91 2821 1753 

4.33 70 2100 1667 

5.53 82 2542 1741 

5.25 76 2356 1611 

3.79 104 3120 1764 

3.10 188 5828 2534 

2.45 182 5460 1707 

1.87 97 3007 1893 

1.62 170 5370 1968 

1.60 209 5852 2182 

1.60 149 4619 2067 

Nunber-s of egg clutches produced by 

CaZ.amoecia Z.uca3 i in Lake Ototoa. 
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Clutches 
per female 

1.3 

1.3 

1.6 

1.3 

1.5 

1.5 

1.8 

2.3 

3.2 

1.6 

2.7 

2.7 

2.2 

1.9 



!i? -1 
• Animals reared in the laboratory (see below) produced 

similar nunbers of clutches, the average numbers being 

produced being 1. 8 at 20°c and 2. 2 at 25°c (pp 14 3 + 144) . 

( f) Egg sizes: 

Average egg diameters of CaZ.amoeaia Z.uaasi in Lake 

Ototoa are shor.-m in table 20 • The yearly average 

of 111. 9 )'1 is similar to that found for other freshwater 

calanoid copepods (e.g. Ren ( 19 55) ) found that Diaptomw 

aas tor bore eggs averaging O .117 )l during April-May, and 

0.138 )l during June-July; Czeczuga (1959) found that the 

average mean egg diameter of D. graai Zi.3 was 113 f and of 

D. graaiZ.oidea 120.9 f- and Canita (1964) found that the 

diameter of D. siaiZ.oid.es eggs varied between 100 and 120 f ) , 

but smaller than in large marine copepods ( e. g Marshall 

and Orr ( 1953) found that the diameter of Cal.an.us finmardziaie 

eggs was 145 f and those of c. heZ.goZa:n.diaie 170 ;i; 

Conover ( 19 6 7 ) found that eggs of C. hyperborez,e varied 

between 190 and 244 )-1, and averaged 209 f; and McLaren ( 1966) 

gives egg diameters for FseudocaZan.ie minutie ranging 

between 108. 5 )'1 and 130. 4 )l) . 

Species of Diaptomw bear larger eggs in the warmer 

months of the year, often in association with smaller clutch 

sizes (Hutchinson 19 6 7) . Because of this the summer batches 

of eggs may still contain as much egg substance as the larger 

clutches of smaller winter eggs. It has been suggested 

(Hutchinson 1967) that the larger surrmer eggs, by either 

providing more food per egg or by allowing hatching at a later 
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10 March 1969 

12 May 

16 June 

28 July 

18 August 

15 September 

19 October 

17 November 

22 December 

12 January 1970 

9 February 

9 March 

AVERAGE 

Table 2 0 

Mean 

Diameter- (miCl'.'ons) s CV(%) 

109 .o 7.91 7.25 

111.0 5.50 4.95 

111.6 5.93 5.31 

116.3 5. 72 4.92 

112.6 6.73 5.98 

lll.8 6.99 6.25 

109. 7 6.96 6.35 

117.2 9. 71 ·8.28 

112.0 7 .oo 6.25 

109 .1 6.19 5.67 

lll.2 5.60 5.04 

110.8 4.00 3.61 

111.9 

Egg diameters of CaZcunoeaia 7,uaa3 i 

from Lake Ototoa 1969-1970. 
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naupliar- stage, will result in higher naupliat' swvival at a 

time when con:ii tions are not f avoorable • In lake Ototoa eggs 

were largest in July an::i November, arrl smallest in March 1969 

an:i JanUat'y 1970. HQ-lever-, there was no distinct seasonal 

trend in egg size an::i this may reflect the relatively constant 

env.ironmental conditions compare:1 with those in Nat'thern 

Hemisphere lakes in which egg size is mat"e variable. 

4. Female length: 

The bcx:ly length of copepcx:ls is af fecte:1 by both 

temperature an:i focd concentrations dtlr'ing development, 

negatively by temper-atllr'e, positively by focx:l ( Coker- 19 33, 

Marshall and Ch:- 1955, Deevey 1960, McLaren 1963, Carter-

19 65, El Maghraby 19 65) • Thls copepcx:ls developing at 

differ-ent times of the year often have marke:lly differ'ent 

length distributions, an:i by following the changes in these 

distributions throughout the year it is possible to determine 

when new gr-oups of animals enter the adult population ( Tonolli 

1964, Chapman 1964, Conover 1956). 

(a) Mean length: Mean female metasornal lengths are presente:1 

in table 21 and fig. 22. The annual mean length of Ototoa 

females was o. 5 70 mm which is considerably shor-ter, than lengths 

of caiamoeaia Z.uace i. in other' lakes (table 22). As well as 

being the most oligotrophic of thes_e bodies of water, 

Ototoa is also the most ncrther ly an:i has the highest average 

annual temperature, so the shat'ter lengths may be a consequence 

of the depressing effects of low foo:i levels coupled with 

higher- temperatures. 
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DATE 

10.3.69 

17.3.69 

12.4.69 

28.4.69 

12.5.69 

26.5.69 

16.6.69 

30.6.69 

5.7.69 

21.7.69 

4.8.69 

18.8.69 

8.9.69 

22.9.69 

6.10.69 

19.10.69 

2.11.69 

17.11.69 

30.11.69 

22.12.69 

6.1.70 

19.1.70 

2.2.70 

17.2.70 

3.3.70 

Mean 
Length(mm) 

0.551 

0.552 

0.568 

0.572 

0.568 

0.553 

0.557 

0.569 

0.572 

0.572 

0.584 

0.581 

0.581 

0.569 

0.573 

0.590 

0.574 

0.574 

0.568 

0.585 

0.580 

0.573 

0.566 

0.564 

0.565 

S.D. 

0.020 

0.020 

0.017 

0.020 

0.016 

0.016 

0.019 

0.017 

0.017 

0.014 

0.018 

0.016 

0.018 

0.017 

0.022 

0.018 

0.020 

0.023 

0.019 

0.154 

0.019 

0.020 

0.017 

0.019 

0.017 

C.V.% 

3.57 

3.62 

3.01 

3.45 

2.83 

2.93 

3.39 

3.04 

2.88 

2.50 

3.11 

2.70 

3.04 

2.97 

3.75 

3.10 

3.49 

3.99 

3.36 

2.63 

3.33 

3.54 

3.00 

3.28 

2.94 

Table 21: Mean metasomal lengths of female CaZamoeaia 

Zuaasi from Lake Ototoa, 1969 - 70. 
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LAKE Reference Mean Length(mm) 

Ototoa This study 0.570 
(annual mean) 

Piha Pond 
(West Auckland) * 0.822 

Waikare * 0.616 

Atiamuri * 0.725 

Rotorua Chapman(1972) 0.654 
(annual mean) 

Rotoiti II 0.641 

Table 22: A comparison of female lengths of CaZamoeaia Zuaasi 

from Lake Ototoa with those from other populations 

further south in the North Island. Those marked with 

an* are unpublished results from summer collections 

made by the author. 



Mean lengths shCMed increases in April and May 1969, but 

lengths were greatest during the winter,spring and summer 

(fran July to December), after which lengths decreased 

gradually. This seasonal sequence is very similar to that 

found in Lake Rotorua ( Chapman 19 72) al though in Ototoa the 

amplitude of the changes is less marked. 

(b) Length Distributions (fig. 18 ) : At the beginning 

of the sampling during March lengths were centred on a mode 

of O. 5 5 nm, wi t:P a number of animals being found in the 

smaller categories below this length, but few in those above 

it. By 12 April hc,...,ever, a new group of larger ~~ had 

entered the population which now had a modal length of 

0.56 nm and with more individuals in the larger size classes. 

The distribution of length remained similar during early May 

although smaller animals were appearing and by the end of 

May (26 May) the~ population consisted of a group of smaller 

animals with a modal length of 0.54 mm. This group was still 

present in mid-June ( 1 6 June) but on this date the length 

distributions was bimodal, with new animals of 

O. 5 6 mm - O. 5 8 mm having entered the population. From mid-June 

to mid-September (8 September) there was a gradual jncrease 

in the numbers of larger~ and the modal length increased 

during this period fran O. 5 6 rnm in July to O. 5 8 rrrn on 

8 September, although there were always a considerable number 

of animals in the size categories between O. 5 6 mm and O. 59 mm. 

By the end of September (22 September) an abrupt decrease in 
/ 

modal size to 0.55 mm occurred with a positively skewed 

distribution, and between 22 September and 19 October the 
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Fig. 18: Metasomal lengths of CaZamoecia Zucasi 

females during the sampling period. 
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modal size gradually increased, probably indicating a renewal 

of the female population by progressively larger animals. 

In early and mid-November lengths decreased. The modal 

interval dropped to 0.56 mm, but there was a more even 

spread of lengths between 0.55 mm and 0.59 mm which may 

indicate that a proportion of the larger females of late 

October were still surviving together with the smaller rrore 

recent recruits • By the end of November however the numbers 

in the larger age groups had been considerably reduced, and 

the length distribution was more evenly distributed around 

a mode of O. 5 6 mm, with a greater proportion of the 

animals falling into the categories between 0.52 mm and 

0.55 mm. 

In mid-December modal size increased to between 0.57 mm 

and O. 59 rran and most animals were found in these size groups 

until mid-January 1970. HCMever, frcm early January more 

~~ began to appear in the smaller categories below 0.56 mm 

and by 2 February there was a distinct shift in the modal 

size to 0.55 mm. Apart from a change in the modal size to 

0. 5 6 mm on 17 February, the length distributions remained 

centred about 0.55 mm till the end of the sampling period, 

although in March 1970 slight increases in the 0.57 mm and 0.58 mm 

size groups may indicate the beginning of an influx of new adults. 

These changes are very similar to those found by 

Chapman ( 1972) in Lakes Rotorua and Rotoiti, although no 

decreases in size canparable to those between 12 and 2 6 May, 

and between' 8 and 22 September in Lake Ototoa were found. 

This may have been because she used a larger time interval 
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between measurements than in the present study, or as seems 

more probable, because variation fran year to year in 

different lakes makes absolute ccrresporrlance of cycles 

unlikely. 

The changes outlined above can be used to identify a 

number of groups of adults, and the times when they entered the 

adult population. The changes of lengths observed were not 

gn;at compared to those found in some Northern t =1nperate 

likes ( Olapnan 1969) and in other New Zealand copepods(Green 

19681 and this is probably because of the small size of 

C. Luoas i and the low amplitude of seasonal changes in 

temperature and food levels in Lake Ototoa. 

The first group of adults is that present during March 

1969. The second group is represented by the length 

distributions of 12 April, 28 April and 12 May. A third 

smaller group ( which may represent some of the second gr'OUp 

whose development rate became slowed down in the later 

copepodite stages - see section 5 page 100 ) may be 

represented by the distribution of 26 May and the left hand 

mode of 16 June. A fourth group, maturing slcwly over the 

winter, and gradually increasing in size, possibly under the 

influence of lowering temperatures and increasing food levels, 

( see section 7 , p 12 8) can be found in the histograms of 16 

June (right hand mode), 5, 21 July; 4, 18 August and 8 

September. A fifth group appeared on 22 September and may be 

represented in the follcwing two distributions on 6 and 19 

October -if this is so, the later maturing W of this fifth 

group became progressively larger, and this would imply that 

the environment became more fav:>urable for growth as thAse 
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Fig. 19: The probable sequence of adult groups 

determined from a consideration of 

seasonal changes in female length dis­

tributions. Seasonal changes in adult 

standing stock are also shown. 
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~~ developed through the various grcMth stages. A sixth group 

may be represented by the distributions of 2, 11 and 30 

t Jovernber when smaller ~~ were found (although like the third 

group mentioned above, these may represent a later part of 

the fifth group which underwent development when temperatures had 

increased and food levels declined so that their lengths were 

shorter), while during the midsummer period a seventh group 

:c1atured. The final eighth group appeared during February 

and was probably present to the end of the sampling period, 

although a ninth group may have begun to mature in March 1970. 

This sequence of groups of adults is shevm in fig. 19. 

5. The Seasonal Cycle: 

The seasonal cycle of C. 7,,uoasi in Lake Ototoa, and 

indeed elsewhere in Uew Zealand, is a multivoltine one with 

continuous breeding and, at least in the summer, considerable 

overlapping of generations. It is difficult to attempt an 

analysis of the yearly sequence in terms of generations, 

distinct groups of individuals developing to the adult stage 

more or less together fran some clearly delimited period of egg 

production, as has been done for some northern temperature and 

subarctic species of copepods. Havever, by using the various 

groups of adults distinguished in the length analysis and 

the seasonal fluctuations in breeding intensity associated 

with these adult groups it is possible to gain sane insight 

into the events involved in the seasonal cycles of 

development and maturation of C. 7,,uoas i in Lake Ototoa. 
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The development times of the var'ious grcwth stages of 

Cc "luaasi were determined by rear>ing experiments in the 

la.boratary, and a descriiption of this study will be given 

below when the dynamics of the Ototoa population is consider-ed. 

These development times proved to be useful in giving some. idea when 

certain groups of eggs would have matwerl if they had developed 

at the rates determined in the labaratory , although it is 

unlikely that laba'.'atcry determined development rates can ever 

exactly descriibe rates in natl.It'e, because of var>iation in env:ironmental 

factors other than temperatwe affecting develoi:r.ient times. 

Ha..,ever, un:ier the inflt.ence of a maritime climate Lake 

Ototoa ( together with other New Zealand lakes) tends to have 

env:ironmental con:li tions that ar-e mteh less var-iable than in 

e:;i,uivalent size::i Narthern Hemisphere lakes. Furthermore 

it seems likely that, because of the oligotrophic nature of 

Ototoa, phytoplankton production throughout the year was 

much more even than in other New Zealand lakes. It is also 

thought that above a certain foa:i level, gr-owth rates of 

zooplankton reaches a certain maximum value and is not 

affected by changes in food concentration (e.g. McLaren 

19 69, Paff enhofE r 19 70) . In Lake Ototoa there were no 

catastrophic declines in algal populations similar to those 

which are often fourrl at the errl of the spring outbi.rst, arrl 

at the beginning of winter in northern hemisphere lakes arrl eggs 

w er-e produce::i fairly evenly all year rourrl suggesting that 

C0 iuaas i had at most times at least an a::l0:luate arrount of 

food gr,a..Jtho It.seems possible that ther-efa'e that in 

Lake Ototoa su:lden foo:i shcrtages may play a less important 

part in the determination of development rates of Co Zucca i 
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than temperature, and that the use of laboratory determined 

rates may be valid, and indeed it was found that there was 

often a pleasing correspondance between the sequence of 

events predicted fran the laboratory rates and the 

development patterns that could be discerned in the population 

by consideration of the actual biological.1 qata. 

So that the laboratory detennined rates could be 

conveniently related to the Ototoa population fig. 20 was 

constructed which shows the presumptive time of maturation 

of eggs laid at 20 day intervals throughout the year. The time 

to complete successive developmental stages has been detennined 

at the average enviornmental temperatures prevailing during the 

approximate period when each stage would have been developing, 

and these points were then joined to give the developmental 

sequences shown in the figure. 

The flattening of the slopes of these lines fran March 

to July shows ha,, development times increased as temperatures 

dropped and the times of moult fran copepodite V to adult for 

individuals laid in successive 20 day intervals became spaced 

further apart. Ps the lake warmed fran August onwards, 

development quickened and the lines becane steeper, so that 

in January development would have taken only about a month, 

while in winter up to 2½ months were required. A particularly 

interesting feature of the diagram is the way in which a 
' . 

large number of lines end in Sept,ember an? October. The 
.. 

hypothetical adults maturing in these two :119nths would have 

resulted from egg layings of three earlier nonths (mid-June to 

mid-September) and if these had similar _Jffespans to adults 

during the rest of the year a large increase in adult standing 
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Fig. 20: Probable developmental sequences of 

eggs of Catamoecia tucasi laid at 

20 day intervals during the sampling 

period. The developmental fate of 

each of these eggs has been calculated 

using the laboratory determined 

relationships between temperature and 

development time of the various stages 

(figs. 27 & 28), and the average 

temperature of the upper 15m in Lake 

Ototoa (also shown). 
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stock might be expected - and this was what in factoccurred, 

(see fig. 21). 

Fig. 21 shavs much of the data related to the following 

description of the seasonal cycle, and on the graph have been 

imposed bars which delimit periods between which the various 

adult groups may have developed. Although these may delimit 

"cohorts," especially during the winter period, it must be 

emphasised that during the summer the groups undoubtedly 

overlapped considerably and the· suggested grouping is meant 

mainly as a basis for description, and may not represent 

"cohorts" in the true sense of a distinctive group of eggs 

or young. 

The first group of adults present in March gave rise to 

eggs during this month, and their development can be followed 

through the growth stages in the series of peaks between 

March and May. They probably matured as the adults of group 2. 

These are represented by the adults present in April, 

particularly the peak numbers later in that month. The breeding 

of group 2 probably gave rise to the increases in egg stock 

between late April and mid-May. 

The origin of the small 3rd group is very problematical. 

If it had developed in the normal sequence it would probably 

have arisen from a small number of eggs laid in early and mid­

April by the group 2 females, and this is the sequence shown in 

the diagram. Havever, it is equally likely that these group 

3 adults are late developing animals from group 2 whose development 

rate has slowed down. Tnis interpretation is supported by the 

presence of "knees" on the curves of Cop III to V during the 
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Fig. 21: An interpretation of the seasonal cycle 

of Calamoeoia Zuoasi in Lake Ototoa. 

Possible origins of the adult groups 

identified in the length analysis are 

indicated. Seasonal changes in% of 

females ovigerous and female weight are 

also shown. 
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decreases fran the late April maxi.max which may indicate when 

these animals broke off from the main group. This was a time 

of declining temperatures and algal stocks, events which are 

kna,m to slow development rates in other copepods (01.apnan 1969, 

Mclaren 1969, Canita 1972) although, as noted above, it 

is unlikely that these changes would have been great enough 

in Lake Ototoa to cause catastrophic mcrtali ty. If such 

retardation occurred it is more likely that it would have 

taken the form of a gradual slowing of development which would 

affect certain sections of the population ( perhaps the weaker 

ones) more than others. 

In any event the later- surviving adults of group 3 

intermingled with the earliest animals of group 4, and this is 

shown in the diagram as an expansion of the base of the 3rd 

vertical bar. The group 4 females were found between June and 

September and are represented by the increasing n~rs in July 

and the subsequent fluctuations afterwards-. Although these 

probably result in part from sampling errors, the fluctuations 

may also indicate that there was variable mortality during the 

mid-winter period. These group 4 females probably ~e fran 

eggs, already referred to, laid by the group 2 females as well 

as the eggs of late May and June which were produced by the 

group 3 adults, and shown by sm~l increases in the percentage 

ovigerous curve in early June. The development of the group 4 

eggs can be clearly followed through the copepodite stages, 

and the gradual increase in tre numbers of succeoo.ing stages 

already ref erred to ( page 7 9 ) is part of this sequence and 

most likely results from slowing of development times, and 

perhaps also lowered mortalities,in the falling temperatures 
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so that greater stock numbers accunulate in each stage. The 

troughs in the curves of the development stages between 

April and June can be similarly interpreted. They probably 

resulted fran both lowered recruitment as declining 

temperatures spread out the developing group, perhaps 

ccrnbined with higher mortalities .. brought about by changing 

environmental conditions. 

These group 4 females underwent an . initial burst of egg 

production as shown by the large increases in percentage 

ovigerous and egg stock in July. Between mid-July and mid­

August there was a marked reduction in egg production, at a 

period when temperatures were at their lowest. This canparati ve 

cessation of breeding may have contributed tc::Mards the increase 

in female weight at this time. HCMever later in August there 

was another burst of egg production, before the first of the 

5th adult group appeared. The eggs produced between late June 

and early September by the group 4 females probably developed 

into group 5 adults between late September and early November, 

when there were considerable increases in adult numbers (page 80 ) , 

and could have resulted because even though the timespan of 

group 5 adults was 1 - 2 months they resulted fran 2 i - 3 

months of egg production by group 4, as was expected from a 

consideration of probable temperature dependant development times 

(fig. 20 ) . The 5th adult group can also be noted in small 

increases in the weight curve, as well as in the percentage 

ovigerous curve in late Septenber and early October, and fran 

this breeding resulted the large egg increases in these months. 
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These eggs probably developed into the group 6 adults by 

November, at quicker rates than the earlier groups 

because of the increasing temperatures , but even though there 

was a fairly large egg stock only a small stock of adults 

resulted. If this origin of the 6th adult group is 

correct then the stock numbers decreased considerably during 

the development of this group, as would result from the 

combined effects of decreasing development times, perhaps 

proportionate]¥ lower production rates and of increased mortality. 

This was the period th~ year when temperature stratification 

was becaning rnarke::l., when algal stocks were undergoing 

changes, and when certain of the other zooplankton species 

were increasing greatly in numbers. It may thus have been a time 

of greater mortality, particularly in the younger stages which 

may have been affected more by canpetition from the various 

rotifer and Bc;a mina populations. It is also possible that the 

6th group represents a slower developing fraction of the 5th 

group. However the 6th group is associated with a great 

increase in breeding intensity that seems more typical of 

reproduction by newly matured and vigorous adults, rather than 

by animals held back in development by low food levels • 'Ihere 

was also a noticeable increase in weight on the appearance of 

the 6th group, which also is more canpatible with the . 
appearance of a group of robust animals. It seems therefore 

that the first interpretation of the 6th adult group is to be 

preferred, and it is supported by the successive peaks in 

Nauplii, CI and CII between October and early November. However, 

in the stages between CII and the group 6 adults there was 
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great reduction in the standing stocks. Increases in CIII -

CV did occur later in November, and one interpretation 

oould be that these were part of the group 6 sequence but 

leading, because of retarded developnent, to the group 7 

adults . However if the group 6 adults are to be regarded as a 

distinct group, then these increases in CIII - CV are 

probably best interpreted as having resulted from the 

intermingling of the last of the early spring animals of group 

6 with the first of later spring and surraner animals, developing 

initially fran the eggs produced by group 6, and which were to 

become the group 7 adults. 

Stock m.unbers over the St.m111ler were generally high and the 

increases in most stages may be an indication of higher 

production and perhaps higher survival rates at a time 

when temperature determined development rates were increasing. 

The group 7 adults shew up as a distinct peak during 

December and January, and may have largely resulted from the 

breeding of group 6 adults. However later arriving members of 

group 7 oould well have largely developed from eggs laid fran 

the first group 7 females, and adult groups 6 - 8 appear to 

overlap considerably. 

Toe first half of the group 7 adults were very low in weight 

and produced few eggs; the main breeding activity of this 

group came in January after a gradual weight increase, which 

may indicate improving nutritional oonditions. These late 

eggs may then have developed to give group 8 adults in 

February. These themselves produced eggs in mid-February 
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and if the sequences in 1970 was similar to that in 1969, 

these would have developed to give group 1 again. 

Summary: 

The Lake Ototoa population of Ca Zamoeaia Zuacs i was 

characterised by continuous breeding, and this is reflected 

in the constant high naupliar numbers. On the whole there was 

a very stable adult population, with copepodite numbers also 

being rather constant, especially during the winter and summer. 

Hcwever April-June and October - mid-November seem to have been 

times when higher rrortalities and/or changed developmental rates 

resulted in lower copepodi te numbers. The 8 groups of adults 

distinguished from the length analysis could also be 

recognised in the adult stock curve, and possible development 

sequences could be determined for most of these, especially 

those maturing in the colder part of the year. In most cases 

there seemed to be a close correspondance between development 

rates determined experimentally and those sha,m by the copepods 

in the lake. 
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6. Weight and Chemical Canpositions: 

Weight, protein, lipid and organic matter were determined 

in the hope that a knowledge of the gross biochemical canposition 

of the~ population throughout the year might help in umer­

standing events of the seasonal cycle. However, the results 

hold further interest because even though the organic 

canposi tion of marine plankton and its seasonal changes have 

been frequently studied (e.g. Fisher, 1962; Cowey and Corner, 

1962, 1963; i3eers , 1966; Jawed, 1969; Canita, Marshall 

and Orr 196.6; Conover and Corner 1968; Lewis;· 1969; 

Jefferies, 1969; Raymont, Srinivasagam and Raymont, 1969; 

Qnari, 1969, 1970), the only detailed study of organic 

nutrients in freshwater copepcxls seems to be that of Siefkin 

and Anni tage ( 19 68) on Diaptomus spp (although calorific 

values, carbon content and other constituents have been 

determined occasionally; e.g. Canita and Schindler, 1963; 

McLaren, 1969; Platt, Brawn and Irwin 19_69; Wierzbicka and 

Kedzierski 1970; Kibby, 1971; Schindler-, Clark and Gray, 

1971), and there have been no previous studies of this sort 

on New.Zealand copepods. 

The present study is an introductory;one, and.only gross 

measures of what are probably the main organic cons~ituents 

have been made. Thus carboh:ydrat"e was n_ot determined because 

it is generally_ only a minor constituent of ~ost_copepods that 

have been studied, and attention 'vlas paid to protein and. lipid 

as being the main-~tructural and storage components, and dry 

weight.·_. 
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(a) Dry weight: 

Seasonal changes in ~ dry weight are sha,.m in fig. 22 

Initially, during March and early April 1969, weights were 

approximately 1.1 fgl~ and during late April there was an 

increase to a peak. of 1. 40 }lg/~ • As autumn gave way to 

winter, du:r'ing Hay~ ,Jw1e and ,Tuly" ~ weight gradually 

increased to tne maximum recorded, 2 . 08 fG on 2 8 July. 

During August and September the weights dropped to ca 11ug/~, 

and over the spring fluctuated between 1. 0 and 1. 3 tg/~. 

Lcwest weight~ were found in December (0.82 fgl~ on 22/12/69), 

but in January there was a smooth increase and values generally 

remained between 1. 0 and 1. 2 Jlgl~ for the rest of the sampling 

period. 

The mean dry weight ·for the year was 1. 23 ;g/~ which is 

considerably l0v1er t:C1an the weights of other copepods that have 

been studied (taLle 23 ) , and this is so even when allowance 

is made for loss of weight on preservation. 

There was no consistent relationship between the seasonal 

trends of ~ length and dry weir;ht, (r = 0.149~ n = 26, n.s.) 

thus the long animals of December weighed very little - and 

tilis was quite obvious w.1en looking at the samples; these 

December W were very transparent canpared with the heavier and 

more opaque ones of mid-winter. Even so the increase in length 

between May and August associated with the main winter 

increase in weight, and the increase in lengtl I between March and 

May was associated with the peak in weight during late April. 
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Fig. 22: Seasonal changes in dryweight, mean 

length, protein, lipid,% protein, 

% lipid and organic matter of female 

Catamoeaia tuaasi during the sampling 

period. The range of variation in 

the determinations of protein, lipid 

and organic matter are shown. 
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SPECIES Reference Measurement Stage Weight (pg) 

Dia.ptomus Siefkin & Lipid free ~ 28-46 
clavipes 

Armitage(1968)Dry Weight r5' 19-32 

D,pa.llidus II II ~ lc9-5o7 
cJf 1.5-6.1 

D.clavipes II II ~ 5-45 
cf 5-33 

D.s1.ciloides II II ~ i..1-3.l 
d' 0.5-2.l 

D.siciloides Com it a Cl 9 6 8 ) Dry Weight ~ 3.2 

D.oregonensis II II ~ 4.75 

D.leptopus II " ~ 22o2 

D.clavipes II " ~ 28.? 

D.arcticus II " ~ 300 

Boeckella * II Si? 29.67 
triarticulata ~ 25.32 

II S? 13.86 
B.hamata c? 6.73 

* II ~ 10.10 
B.delicata (31' 8.26 

B.propinqua * II ~ 8.48 
~ 5.29 

* II ~ 8.33 
B.minuta d" 3.49 

i: II ~ 3.90 
B. tanea d' 2.79 

Calamoecia This study " 
~ 1.23 

lucasi <5 1.06 

Table 23: A comparison of the dry weights of Calamoeaia 

iuaasi with those of some New Zealand and North 

American freshwater calanoid copepods. Those 

ma.rked with an i: are some unpublished results 

of the author. 



There did lnrever seer.1 to be sate relationship ootween 

weight, sequences of adult groups, and breeding activity. 

• Thus t:ie increases in ,:,,cigiit in April were associated with 

the maturation of the second group of adults and the small 

third group can be recognised as a minor r,eak of weight 

which occurred in early June during the course of the \linter 

ueigl1t increase. The r:min winter bulge in tlie \reight curve -

between rn.id-July and mid-Au<JU9t - was·associatec.l with the 

fourth adult group, v1h.ile the su:.lden. weight incr-ease in late 

September r.iarl~ the r.iaturation of the fifth CJl:Oup~ 

Probably because changes in ,:,.,eight can reflect the 

degree of devel.qx'ocmt of the ovaries, other features of 

the weight curve either prerec:led or coincided with events 

in the reproductive activity of the population (as sham in 

the closely related percentage ovigerous and eggstock curves) 

and this ,;,ras partic..··ularly noticeable during spring, suri:rrer 

and auturnn e Thus the late April pea};. of weight is associated 

ui th an increase of eggstock ancl percentage ovigm.-ous, as are the 

• vcight increa::.es of the fourth adult group during June and July 

and late August, antl also the smaller spring \Jeight peaks of 

early october, late October and especially NovEr.liJer. The la, 

v.ieights of December reflect low egg productuion and the increases 

in ,.,eight during January and February car.e at times of increases 

in percentage ovigerous and egg stock. 'lhe relationships 

sha-, up in a significant correlation bet,een weight and percentage 

*** ovigerous (r = o.460 n = 50). 
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Dry v.ieight uas also significantly correlated with 

. ·*** environmental tenperature at the t:ime of sampling (r = o. 774· • 

n = 50) o Siefkin and At::mitage (1968) fotmd that lipid free 

weight of Diaptomus a Zavipes and D. pa Uidus was 

correlata:1 with tsnperature in a similar ·way, as did IlcLaren 

(1965) for PseudocaZanus minutus. Siefkin and Annitage fotmd 

that food levels affected weight also and qu:>te other studies 

shading the importance of food in detenn:i.ning size e.g. 

cam.ta and Anderson 19590 Such studies often consider 

si;.Ze ;i:h terms of~ length, v1hich may not necessarily be 

oorrelated with ·weight (e.g. Ccrnita, Marshall and Orr 

and the ot6toa data above), but Coo.over and Comer (1968) 

found that Ca Zamus h yperborew and C. finmardz icus did 

increase in weight at the time of the_spring bloaa in 

phytoplankton 

In Lake ototoa ,ieights of CaZamoeaia Zuaa3 i were not 

significantly ex>rrelated with total phytoplankton nunbers 

at the ti.Ire of sampling (r = o.178, n = 42), but there was 

a highly significant correlatiai between numbers of ingestible 

phytoplankton ( see p. 12 8 for discussiai of ingestible phyto­

plankton) and weight (r = 0.492 ***, n = 42). The introduction 

of a ~ t..ine into __ these relationships by oorrelating weight 

with phytoplankton on the previous sarcpling date did not 

i.nprove the coefficients. Ha,,ever, this significant 

oorrelatian is misleading because tanperature and phytoplankton 

*** 
are themselves highly oorrelated (r = o. 34 7 , n = 42) , 

and when this relationship is rerroved fran the reckaiing 

by partial oorrelation 
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analysis, the partial correlatirn coefficient be'b.JOOn weight 

and ingestible phytoplankton beoc:mes '0. 316 .1 = 42) which is 

just significant at the 5% level. Thus in Lake ototoa the 

&:y weigl1t of c. luacs i ·was correlated rrost highly with 

temperature, but there was also a weak relationship with 

ingestible phytoplankton. 

As well as these ~ weighings, weig.11.t det.enninaticns were 

also made en six series during the year of the gro·-rth stages, 

chosen to correspond approximately with actual develqr.ent 

sequences in the lake. The results are sho.-m in fig. 23 

and the r:ean weights in table 24. During autum, winter 

and spring gra·rth was broadly parabolic (as has been found for 

many other copepods, Winberg, 1971), oo vJere always crnsiderably 

lighter than W. During these periods of the year the larger 

~ ap~ared to lay lighter eggs. During the smrner gro·rth became 

more sigroc>idal and there uas little difference between the vJeights 

of the &/ and ~. Rates of egg production . are greater at higher 

t.anperatures, and tilis lack of difference may have been because less 

nat.erial , ,as accumulating in the ovaries in the suni;nr than in the 

,linter. It can be seen fraJ table 24 that the ratio of maxi.mun 

to mini.mum vJeight is greater for W and older oopepodite 

stages than for nauplii, young copepodite stages and&!, and this 

is probably an indication that there may be great.er seasonal 

variaticn in the grarth of ovaries than in general body rnaterial. 
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Fig. 23: Mean weight of six sequences of the 

development stages of CaZamoeaia Zuaasi 

during the sampling period. The dates 

of the samples from which specimens 

were taken are set out in Table 6. 
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Gro.lth Stage 

m:; 

NAUPLIUS 

COP. I 

COP. II 

COP. III 

COP. IV 

COP. V 

c{"7 

~ 

tlean Dry Weight 

(nicrograms) 

0.111 

0.146 

0.190 

0.250 

0.361 

0.472 

0.76C 

1-062 

l.230 

Range 

0.067- O.lGG 

0.124- 0.193 

0.152- o. 234 

0.185- 0.297 
'!. 

0.242- o.~459 .~ 
0.353- a.GOO 

0.510- 1.190 

0.842- 1.350 

0.820- 2.080 

Haxinun weight 

Minimum \•Jeight 

2.48 

1.56 

1.54 

1.61 

1.90 

1.70 

2.33 

L60 

2.54 

Table 24 : !lean weights of the various gra,rth stages of 

C. l,ucaJ i during the year. 
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(b) Protein: 

Seasonal manges in the weight of protein r:er ~ and percentage 

protein are sham. in fig. 22. 

The al-solute ar:cunt of protein per ~ shared a seasmal trend 

sirnilar to that of dry vreight. There was an initial rise to a 

r,ti.nor peak in late April follo.,1ed by further increases until 

late July when the max.ir;1un aroount of protein/-? (O. 71 ?grnft. 

was foundo Then followed a gradual decrease to the minimum in 

late De<Bnber ( o. 34 ?g:nft ) . A smooth increase occurred in 

January, paralleling that notecl in the weight curve, after uhich 

values fell cMay during February and March. 

Havrever, protein expressed as percentage of the dry weight 

sha·,s much less seasonal change, generally being between 35 and 

50%. Valoos v1ere b·rest in mid·li.nter ( 33% on 4 August, 1969) 

ancl highest during surmer between Decanber 1969 and March 1970 

(54. 3% en 9 March 1970) • The yearly average weight of 

protein per ~ was 0.50 f9M, and the oorrespanding proportion of 

dry weight was 40.!::i%. 

As noted above the seasonal changes in protein/-? closely 

*** follow those of ury weigh~ Cr= 0.874 , n = 25) and the peak 

in Cll"'.f vteight in late April, the main increases in vTinter, the 

general decrease after this and the increases in January -vrere 

probably largely caused by changes in the total ar;:ount of 

protein per ~ Q Ha1ever, the heavier cbpepods tended to oontain 

proportionately less protein, and ·vteight and percentage protein 

** 
a.v-e negatively oon:elated Cr - o.662 , n = 25) . Like dry 

·weight, proteinft , . ..,i:Js negatively correlated wit.i.'1 tenperature at 
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*** the t:ir,e of Sartt'ling (r = 0.6•14 , n = 25), but not with 

phytoplankton . Percentage protein sha.·Jed a positive 

*** oorrelatian with tarverature (r = Oo662 , n = 25). 

Raj'IOOI'lt et al (l969) found that for sane deep.-rater 

decapocl mysid and eup:1ausid zocplanktcn protein 53 - 71% 

dry .. ,,ieight and Fulge (1968) found a valtE of 75% for 

NeomlJS i9 integez,; both of these are ocnsiderably higher 

than found for Ca Z.amoeaia Z.uaa1 i o In :crost zooplankton 

studies llc,,,ever total N is usually dete1:mined rather than 

protein, thus Deers (1966) found that in a variety of 

oopepods N was between 9 - 11% of the dry vieight, 

Conover and Comer (1968) gives N values ranging fran 5 - 8% 

dry Height for CaZ.anie hypez,boreie and Otori (1969, 1970) 

found that N varied ftan s.o - 13.1% (av. 9.4%) and qu>ms 

N levels in CaZ.an,s finmaz,cnioie ranging betw3en 10.21% 

(Vinogradov 19 33) and 4. 7 - 5. 9% (CUrl 1962) of dry weight. 

He notes that there is a clear diffel."Oilo:a be'bieen copepocls of 

subarctic and of tropic-subtropic waters; those of the 

fotr00r cx:ntain N as ca 6. 7% dry weight while the latter are 

generally about 10.3% N •. 

For cxxrr,arisai the protein values fran CaZ.amoeoia Z.uoca i. 

can lJe Calverte1 to an approxin,ate figure for N as percentage 

of dry 'ti.eight lJy dividing by 6.25 (the average cooversion 

factor between U and protein, Hinberg 1971) and the valua so 

obtained is 6.48% of dry \·/eight as N. This is s.unilar to r:-cst 

of the figures quoted above, although less than the 10.3'3 

given by atori for tropic-subtropic species, to which 

Co Z.uaa1i. might have bean expected to aha., tho uost pronounced 

similarities. 
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(c) Lipid: 

Seasonal d1.anges in the v.1eight of total lipid per i and 

lipid as percentage dry v.1ei.jlt are slnm. in fig. 22. 

The amount of lipid sha.led J:"O:re prcnounced fluctuations th.an 

protein, but there ·was still a distinct winter rnax:i.rnun (which 

ln.,ever occurred alx>ut three weeks later than that of protein) 

folla,red by a decline to la,,er surmer values. This increase 

between July and August undoubtedly CD11tributed in part to the 

winter v.1eight increase. Three CD11Spicuous increases in v.1eight 

of lipid per i between March and early June ,;,,e:re also :related 

to increases in the v.1eight curve, and the increases of dJ:y weight 

in late September, October, January and Februacy \'.le:re also 

associated with greater am::>unts of lipid. 'lt1.us al>solute 

ar.ount of lipid per i was found to be oorrelated with dry v.1eight 

*** (r = 0.596 , n = 39). Lipid as a proportion of dJ:y v.1eight 

was generally between 20 - 40% and sha,,ed rx:> clear seascnal trend, 

al though lc,.,,est values v.1ere recorded in Decenl.1ar. 

The :rrean v.1eight of lipidft over the sartq:>ling peric:xl was 

0.36 pfi over the sampling period was 0.36 pfi. and the 

average cx::noentration 28. 7% of the dry ,..,eight, which is 

c::x:r.parable to values found in other freshwater cx:,pepods. 

Sie:Bdn and Ann.itage (1968) found the lipids in Dictptonne 

aZ.avipes ranged between S.l - 50.1% dJ:y wei~Jht, in D. paZ.Z.idw 

fror.t 17.0 - 39.2% and D.siaiZoides l.9 - 55.0%. Hierzbicka 

and Kedzierski (1970) found up to 20.3% in CyaZor;a viainw 

and quote Farkas (1958) who found lipids in plank.tonic cyclopoids 
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ranging from 40 - 45% dry weighto Haq (1967) found lipid 

canoontrations of 25 o 37% dry vJeight in Metridia Z.onga but 

smaller valoos in Mo Z.uael"S (1-5%) and Fisher (1962) gives 

similarly la,1 valoos (15-1100% dry weight} for sare other 

marine copepodso Ostapenya et al (1967) give valoos 

for marine tropical plankton ranging between 2 + 10% dry 

weighto 

l\l though there is a significant oorrelation between 

0 ** lipid per + and ~rature (r = Oo401 , n = 39) it is 

not as clear as those of weight and protein o 'Ihere is also 

a correlation between lipid per~ and ingestible i:nytoplanktan 

* (r = Oo872 , n = 32) but there is no significant correlation 

between peroontage lipid and either ~rature or ingestible 

i:nytoplankton. Siefkin and Armitage (1968) found no ccnsistent 

relationship between lipid caioentration and either food or 

terrp3rature in the copepcx:ls they studied, although in both 

Diaptorra aZ.avipes and D. s iaiZ.oides high lipid peroontage 

tended to be associated with high chlorcphyll valoos. In the 

arctic and sub-arctic species of Ca Z.anie lipid levels are 

related to available food. 'lhese species are kna·m to lay 

daim large stores of fat during the spring flc:1,1ering of cliators 

(Harshall and Orr 1955, Conover and Comer 1968, anori 1969, 

1970) and because of this percentage lipid is inversely related 

to percentage protein. 'Ibere was no such relationship in 

CaZ.amoeaia Zuaa,si ha,.iever (r = 0.263 ns, n = 17) and en the 

whole botl1 lipid and ~tein canstitood rather ccnstant 

proportions of the dry weight. 
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Im interesting feature of the lipid curve is that most 

of the majcr peaks are clearly associated with the seq_uence 

of a:lul t gr,oups. The increases in March, mid-April and 

early June coincide with the development of a:lult gr,oups 1, 

2 ard 3 respectively 9 the main winter increase occ'l.lr'red dllr'ing 

the mat'l.lr'ation of group 4, the atrupt increase to slightly 

higher percentages in September ard October occurred on the 

appearance of gt"Oup 5 and the decline in November and 

December was associated with the weak 6th gt"Olp. 

Similarly the sunmer increases in January ard February 

were associate:i with the 7th and 8th gr,oups. Mat"shall and 

Orr ( 1955) have fourd that in Calanie finmarchicn,e 

percentage of fat is relate:i to generations, ard Siefkin ard 

Armitage (1968) trink that this might be so in Diaptomie 

spp also. 

Because of the utilization of fat in egg :i;ro::l.uction in 

copepo::l.s (e.g. Marshall and Orr 1955) it might be 

expected that lipid would be more closely related to 

events in the repro::l.uctive cycle than other biochemical 

constituents and in CaZamoeaia ZuaCB i some weak relationships 

can be discerned between lipid /¥- and the percentage 

ovigerous. The overall increase in per-centage ovigerous 

between April an:l July came at a time when lipid/~ also 

showe::i sane incriease, the incrieasesin lipid ;c.? in September 

and October were also associate:i with incrieases in the 

percentage ovigerous as were the increases in January ard 

February. The ccrrelation between these two factcrs is 
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just significant 
-;': 

at the 5% level (r = 00334, n = 39)o 

However, on many occasions increases in the percentage 

ovigerous were associated with shar-p declines in the lipid 

per ~ and percentage lipid as would te expecte:l if lipid 

were utilise:l in egg p:-o::iuction, eogo the increases in 

per-centage ovigerous in ear-ly May, mid-June, late August, 

late November and late January o Also peaks in percentage 

ovigerous (and egg stock) in July coincide:l with a dip in 

the percentage lipid Ct.tr'V"eo Schin::ller et al (1971) 

suggeste:l that fat increases prece:le:l rather than 

accompanie:l egg pro::i uction in Diaptomw in contrast to 

a..unmins ( 1967)) whom they state believe:l that highest 

seasonal calOI"ific values (and thus fat concentrations) 

occllr'red d 1..lt' ing times of egg pro::i uction o Thus they f oun::l 

that decreases in calorific value accompanied the 

:i;ra:iuction of eggs in D. minutUJ o Siefkin and Ar-mi tage 

(1968) also relate:l fluctuations in lipids to changes in 

re:i;ra:luction. The build up in lipids which they observe:l 

in autumn when food decrease:l was believe:l to be due to 

lowere:l repro::iuction as well as a differential response of 

activitity arrl metabolism to temperatl..lr'eo This latter point 

is of interest, because Schin::ller et al suggeste:l that as the 

winter increases in fat took place in both juveniles and a:l.ults 

it was therefcre not related solely to repra:luction. They 

considere::i that it is mClr'e likely that the increase has sllr'vival 

value alla.-1ing the copepa:ls to Sllr'vive or even f!Pa.-1 in 

peria:ls of la.-1 foa:l cr poat" foa:l quality. The survival 

value of incr>eased fat reserves would obviously be 
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be incr'eased if the metabolic rate per gr>am was also 

propat'tionately lower-ed as fourrl in CaZ.anw spp 

( Conover an:1 Corner 1968) • The incr'eased amounts of lipid 

per ~. •in CaZ.amoecia Z.uccs i during the winter may also have 

served to aid survival, and may possibly have resulted from 

sane seasonal metabolic change. However, the environmental 

con:ii tions in lake Ototoa are very mild compared to thos in 

not"thern hemisphere continental dimictic lakes and it seems 

mot"e likely that seasonal stcrage in C. Z.ucCB i resul te::i 

from changes in the balance between intake of food arrl its 

utilisation, rather than to sane inhet"ent change in the 

metabolic activity of the copepo:is to counteract severe 

winter' corrli tions. One of the main drains on the lipid 

reserves is pr-obably the pr-eduction of eggs • This occurs 

through::)ut the year in Lake Ototoa, although the rate of 

prcxi ucti,f»- varies (fig. 3 O , p. • ·1 s 5) . The 

ina,eases of lipid in winter' may have come about because 

rates of egg pro:i uction an::i respiration in the lower temperatt.lr'es 

of August and wece::iing months utilised a pr-opcrtionately smaller 

section of the focxi intake than between September and Decemberi 

when lipids decreased arrl rate of egg prcxi uctioh rose ... 

( d) Organic Matter : 

Total crganic matter' deter>mine::i by the dichrc:rnate 

oxidations has been e,qressed as )li c;r; and is shCMn in 

fig. 22 

Olanges in weight of crganic car-bon/~ underwent 

similar seasonal changes to dry weight, and these two 
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~':i;~•c 
factors are significantly ccrirelate:i (r=0 0898 ,n= 18). 

Carbon can also be expresse:i as percentage of dry 

weight (table 25) 0 There was no mat"ked seasonal change, 

values varying between 3008% and 56 01%. The average 

value of 43 06% dry weight is similar to those of Beers (1966) 

who foillrl that in mar>ine copepcxis Car'bon constitute:i 35 .2% 

to t+7 .6% dry weight (average 4L6%) and Omari (1969) who foun:i 

an average carbon content far lllar'.ine zooplankton of 45 .6% 

(the values of copepcxis ranged fran 39.0% - 6606%, but the 

higher values were foun::l only in the sub-arctic species). 

Similarly the ash content of c. Zuacei range:i between 

2 ~ 64% and 9 ,09% of the dry weight which is comparable to those 

f ourrl by Omori ( loc. ci i .) who gives values rangmg between 

1.9% and 6 .4%. Schimler et al (1970) fourd that Diaptomus 

minutw contained 0.9 - 2.0% ash, while in their study of 

marine tropical zooplankton 0stapeny et al (1967) fourrl ash 

contents between 1.31% and 40%. Cornita and Schindler (1963) 

state that the copepcxis they combuste::l had no ash. 

An approxir.late cal<:r'ific value can be compute::l from the 

aro.ount of oxygen consume::l during the dichrornate oxidations . 

-1 The standani value of 3. 4 kcal .gm of o2 was used as a 

convecsion factor. (Maciolek 1962) o Toe calarific values so 

obtaine::l are sham in table 25 and range::l between 35 77 and 

-1 
5173 calogm There was little seasonal change, and no 

pronounced winter inct'ease similar to that found in 
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-1 
Date ~ c.~ 

10.3.69 0.558 

24.3.69 0.398 

12. 4 0 69 0.426 

28.4.69 0.606 

12. 5. 69 0.557 

26.5.69 0.552 

9.6.69 0.607 

30-.6. 69 0.737 

14.7.69 o. 734 

28.7.69 1.032 

11.8. 69 0.867 

25.8.69 0.770 

8.9.69 0.471 

6.10.69. 0.504 

2 .11. 69 0.483 

30.11.69 0.333 

29.12.69 0.471 

27. 1. .70 o. 354 

0.581 

s 0.185 

CV% 31.8 

Table 25 

Calorific 
C as % dry wt. Ash as % dry wt. value cet• 

free gm 

56.4 5.41 5773 

36.9 5.14 3776 

41.4 6.30 4294 

43.3 7.01 4514 

51.6 6.16 5331 

46.4 3.78 4687 

45.9 3.37 4521 

44.9 6.46 4664 

39.0 6.18 4031 

49.6 5. 68 5102 

46.6 6.91 4859 

44.3 9.09 4747 

35 .1 4.86 3599 

40.3 5.58 4171 

42.7 2.64 4272 

33.6 8.42 3577 

56.l 2. 73 5617 

30.8 3.86 5163 

43.6 5.53 4594 

7.126 1.80 645 

16.34 32. 5 14.1 

Organic matter in CaZamoeaia Zuacs i 

from Lake Ototoa. 
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DiaptomU3 minutie by Schirrl ler et al (loco cit.) al thoogh 

values during spring were a little lower than most of the 

others o The mean value CNer the sampling period was 4594 

cal.g;n-l ashfree weight. This is lower than values fer 

other freshwater and 11lar'ine copepods (0stapenya et al 

1967) - 5.14 kcal.gn-l ash free weight; Canita and 

Schindler ( 1963), far Diaptomw spp d' = 5400, ~ = 5535 

Schindler et al (loc. cit.) far D. minutie 5475 - 7375; 

Kibby (1971) mean values far Do graail-is - a:lults 5711, 

copeimites 5277, nauplii 5011 and eggs 5675) arrl less 

than might be expecte::l from the pr-opartions of pr-otein 

ard lipid (using the average value!? fer lipid and 

pr-otein of 280 7% and 40.5% dry weight respectively and 

assuming the remainder as car-boh¢rate, a cal.crific 

value of 6260 calog;n-l was calculate::l after Winberg 1971) 

although the lack of seasonal change in calcricity reflects 

the constancy of percentage lip.ii arrl percentage irotein. 

This pr-obably shows that oxidation efficiences were less 

than allowe::l f c:r, but nevertheless the results obtaine::l 

can be expecte::l to be iropcrtional to the real values 

am. show the same seasonal changes. Canita, Mar-shall 

and Orr (1966) showe::l that in Cal-anus fi:nmarahiaus erganic 

matter analysis by dichranate oxidations occasionally 

gave calcrific values differing widely from those obtaine::l 

by bomb calcrimetry i;robably because all the fat was not 

accounted f cr, however, calorific values as determine::l 

by the two methods showe::l similar- seasonal tren:is. 
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7o The focxi of CaZamoeaiao 

All the species of phytoplankton counted are not likely 

to be eg_ually important as focxi for caiamoeaia iuacsio 

Many copepa:is sha.v selectivity in thejr feeding, removing 

only certain species of algae fran the water ( Lo..mdes 19 35, 

Fryer 1954, Malovitskaya an:l SCr'okin, 1961, McQueen, 1970). 

Cell size is likely to be one of the most impcrtant 

factcrs affecting such selectivity (although other features 

such as shape, surf ace texture an:i chemical properties 

are :i;robably also important) an:l sane copepa:ls select a 

definite size range of algae (Gliwicz l969b,McQueen 1970). 

Pat'ticle size selection in C. iuacs i was studied by the 

metha:l fll'st used by Burns ( 1968) which involves feeding 

the animals a suspension of "micronic" bea:is, small plastic 

spheres ranging in size between ca J )1 an:l 100 f in 

diameter o Sane of these bea:is are eaten by the copepo:is 

a.n::l the size range selected can be determined by examining 
,.,, 

those contained in the gut. The bea:is are inert, smooth 

and spherical and ar-e thus unlike most natural phytoplankton 

species o Hcwever, the methcd does at least give an 

indication of the range and maximum size of par-ticle that 

C0 iuacs i is physically capable of ingesting, and the 

results have been used to determine which phytoplankton 

species may have been available as f ocrl for the copepo:is o 

As well as these studies the gut contents of the pr-eserved 

animals from lake 0totoa were also examinedo 
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(a) Beads experiments: 

These experiments were carrie:l out using c. Zuacei 

collecte:l fran the ponds on the Waikato University campus 

ard Lake Rotoroa. 

The micronic beads wer:-e first washe:l three times in 

distilled water:- an1 a stock suspension made up. After­

stirring the concentration an::l size range of the beads in 

this suspension was deter:-mine:l by counting 1000 - 2000 

beads in a hae:mocytaneter:- (Spencer:- Bright Line), am. 

measuring the diameters of 500 of these beads with the aid 

of an ocular mict'ometer at x800 magnification. The 

fee::iing suspension containe:l 2.5 x 104 beads.ml-l am. 

was rna::le up imme::liately pr-icr to use by adding the 

desire:l anount of stirre:l stock suspension to millipore 

filtere::l (0. 8 ,}1 pOt'e size) water fran Lake Rotoroa. 

As even small arrounts of detergent have detrimental 

effects on c. 1,uaasi, detergents :in the filters were 

first remove::! by washing with hot water:- (Cahn 1967). 

Usually the yeast Saa&za?'omyaes aeriviaae, added to 

· 4 -1 give concentration of ca 0.5 x 10 cells.ml , was 

use::l as a f oo:l sowce in the experiments, but on a few 

occasions cJi tore 1, 1,a pyrenoidca a., Ch 1,amydomonce 

rheinha.1~dtii., Pa:ndorina morwn an::l natural lake water 

were use::l instead to determine whether the pr'esence 

of differ-ent size::l potential fooo. par-ticles affected 

par-ticle size selection. 
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'Il1e fee::iing experiments were caririe::i out in 8Qnl 

clear glass, stoppere::i reagent bottles. These were 

filled with the feeding suspension, and to each was 

a:lde::i 30 - 80 CaLamoeaia (mainly adults) which had 

previously been kept overnight in millipar'e filtere::i 

water fran Lake Rotcroa. The copeIXX1S were allowed to 

fee::i fari 30 minutes during which time the containers 

were placed on a black bench under white fluorescent 

lighting, ard inverte::i by hand every two minutes to keep 

the bea::l.s in suspension. At the errl of the fee::iing 

pericrl the copepoo.s were fixe:l in formalin (a I:r'OCess 

that does not result in defaecation in c. "lucasi), 

dehydrate::i in isoproi:anol, cleare::i in xylol and 

mounte::i in canada balsam. Using phase contrast the 

beads ingeste:j were then measur'e::i at x800 magnification 

with an • ocular micraneter. Few young stages were 

inclu::ie::i jlh :the experiments and most of the animals 

examine::! were adults. Of these ca 30% had taken in beads 

but only a few of the nauplii and copepcxl.ites were fourrl 

containing them. 

The distribution of particle size in the fee::iing 

suspension, and of the beads ingeste:j by C. LuaCB i in all 

the experiments is sham in fig. 24 • It can be seen 

that c. Luoa3 i only selected particles between 2. 5 and 18. 2 

micr'ons in diameter, whereas most of the beads in the 

fee:ling suspension were between 15 and 50 miCTons in 

diameter with only 12.85% being smaller than 15 microns in 

diameter. Considering all the experiments together the 
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Fig. 24: The frequency distribution of 

"micronic bead'' diameters in the stock 

suspension and ingested by CaZamoecia 

Zucasi. 
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mean par-ticle size selected was 9 • 6 microns . No 

significant diffet'ence was foun:i between the mean size of 

par-ticles ingested by oo an::l ~ (rfcf x 9. 314 f, s : 3.001 

n = 345; ~ x = 9.671}1, s = 3.024, n = 288; t = 1.488, ns). 

The fe;;., copepodite stages exaimed also selected bea:is within 

the a::iult range (CII x 3.8 }-1, n = 2; CIII x = 14.3 f, 

n = l; CIV x = 10.6 }-1, n = 3; 01 x = 9.4 }-1, n = 5), 

and although nauplii selected bea::ii in the same size range as 

the a::iults (fig. 24 ) the mean size was significantly lar-ger 

(x = 11.239 ;;-, s: 2.776, n: 46; t = 3. 508 ) 0 

No significant difference was found between the mean 

par-ticle size selected by all stages of c. iuaCBi with 

yeast as focx:1 (x = 9.822 J-1, s = 3.105) and those with 

Oz Zanydomon.as (x = 9. 71 u , s = 3.40, t = 0.148, 78 df ns), 

Oz lore Ua ( x = 11. 30 f, s = 2 • 91, t = 1. 8 3, df 6 4, 

ns), Pandorina (x: 10.32 J-1, s = 2.98, t = 0.772, 

77 df ns) an::l natural foa:l (x = 8.852 f, s = 3.01, 

t = 1. 716, 124 df, ns) . 

The degr-ee to which a certain bea::i size was selected 

can also be e}4%'essed by Ivlev's coefficient of focx:1 selectivity, 

S (Gliwicz 1969 b): 

g -e 

g +e 

where: g - far any given size class of bea::i is the percentage fre­

quency of that size class in the bea:ls f oun::i in the gut of all 

the animals dtring all the expet'iments e - is the percentage 

fr~uency of the size class in the feeding suspension. 
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Fig. 25: A comparison of particle size selection 

in Eudiaptomus graaiZoides and 

Calamoeaia Zuaasi. The data from 

E. graaiZoides is from Gliwicz (1969). 

Ivlev's coefficient of food selectivity 

(S) has been used as an expression of 

relative selection (see text). 
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The results are shown in fig.25 together w:i:th similar 

figuries fer Eudiaptomw graaiZoides calculated by Gliwic:z 
\ 

( loc. cit.) . To simplify the gr,aphical presentation of 

the results, negative values of the coefficient have been 

eliminated by a:iding + 1 to all of the figures. Both 

C. Z.uoc:3 i ard E. graaiZoides select similar pat'ticle 

sizes, although C. Zuoasi shows relatively gpeater selection 

of par-ticles bela-1 5 }1, while E. graai Zoides sha-,s a 

gpeater selection of particles larger than 14 )1 in 

diameter. McQueen (1970) has sha-,n that Diaptomw 

oregonens is selects particles in a similar size range. 

(b) Gut contents: 

The gut contents of C. Z.uoCB i fran Lake 0totoa were 

examined at approximately monthly intervals. A pcrtion of 

the stirred sample was taken arrl the gut contents of the 

copepods ren:lere:i visible by the same methcx:l desCC"ibed 

above for the plastic bea:l.s. In virtually all of the samples 

examined CyoZoteUa was the only identifiable alga, ard was 

foun:i in the guts of every gpa-lth stage of C. ZuoCB i in all 

samples, and on many occasion was present in large 

quantities ( plate 2 ) . The only other algae seen were 

single specimens of a small. n 3.viculoid diatom ( fourrl in 

W on three occasions) arrl other material in the gut fcrmed 

an unidentifiable mush, generally making up 20 - 70% of 

the total, although in sane of the young copepcx:li te 
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Plate 2. 

Above: Two micronic beads (arrowed) in the gut of a 

female CaZamoeaia Zuaasi (x 1000). 

Below: CyaZoteZZa steZZigera (arrowed) in the gut of 

a female CaZamoeaia Zuaasi from Lake Ototoa 

(February 1970) (x 1000). 

Note the similarity in size between the 

naturally ingested cells and the beads. 





stages between October an::l DeC'eJilber this material mad.e up 

the whole of the gut contents. 

J.he amount of fo:x:l. in the gut varie::i dl..It'ing the year. 

an::1 an appr'ox:i.mate irrlication of this was gaine::i by 

counting the nunber of CycZoteZZa containe::i in the guts 

of 10 ~~ ft-om every rronth. The results are sha,m in table 26 

and it can be seen that the numbers of CycZ6f!uZa I~ 

fell between April an::1 June 19 69, increase::i thereafter to 

a maximum in September, dropped again until December an::1 

then inc:rease::i to higher levels in late summer an::1 autumn. 

The average diameter of CycZoteZZa from Lake Ototoa 

(table 16 ) is very close to the mean size of becd 

ingeste::i by C. Zuacs i arrl the presence of CyaZoteUa in 

the guts of c. Zuaasi fran Lake Ototoa suggests that the 

results of the becds experiments may give a goa:l indication 

of the size of foa:l being eaten by the copepa:ls in the lake. 

Plastic becds between 2 an::1 19 microns in diameter were foun:i 

to be ingeste::i, and the phytoplankton specie; from lake Ototoa 

with maximum dimensions falling within this range are 

CyaZoteUa s teUigero.,Staurce trun spp, Gymn.odiniwn sp 

"small monad", Oocys ti.a sp, ''Unicells" free cells of 

Botryoaoaaw braunii, Cryptomoncs sp, Oz rooaoaaus 

limneticus and Coomarium spp (table 16 ) . These may be 

calle::i the "ingestible" phytoplankton species, an::1 their 

combine::i numbers throughout the sampling period are sha,m 

in fig. 26 Cyclotella was by far the most 
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Mean nunber of 

CyafoteUa s n 

12 April 

19 May 

16 June 

14 July 

18 August 

8 September 

13 October 

17 November 

29 December 

12 January 

9 February 

3 March 

Table 26 

22.90 19.90 10 

8.10 6.64 10 

7.30 7.44 10 

10.90 13.80 10 

14.80 .7.39 10 

35.80 22.90 10 

28.20 11.3 10 

13.80 5.59 10 

8.60 6.17 10 

11.50 8.58 10 

25.82 8.29 11 

23.40 13.17 10 

Mean nurnberi of Cya Zote Z Za s te Z Zigera 

in the gut of ~ Ca Zamoeaia Zuaa8 i 

from Lake Ototoa, between April 1969 

and March 19 70. ( s = standard 

deviation, n = nunber of W examinErl). 
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Fig. 2 6: Seasonal changes in the numbers of 

"ingestible phytoplankton" during the 

sampling period (see text for a list 

of the species in this category). 
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abundant of these comprising between 20. 3% and 98.5% 

(mean 70. 6%) of the total, and the seasonal trerd in the 

numbers of ingestible phytoplankton lar-gely follows that 

of Cyc 1-ote Ua. Numbers were highest in the coldest 

months of the year', although there were also peaks in 

numbers dllt"ing the summer in January and Februar-y. The 

finding that the most consistently abundant of the 

ingestible algae, CycZoteUa~ was such an important 

constituent of the gut contents of c. ZucaJi throughout 

the year- in Lake Ototoa is in contrast to the results 

of McQueen ( 19 70) for Diaptomw oregonens is~ who fourrl 

that even though CycZoteUa and Merismopeadia were of an 

ingestible size and were very conman in Mar-ion Lake, 

they were not utilise::i by the copepa:l. 
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POPULATION DYNAMICS .Al'-0 PROOUCTION 

A mere canplete understanding of the numerical changes 

discussed in the preceding sections r~ uires knavledge of 

the recr:iuiiJnent and rrortality occl.lr'ring in the 

population during the year-, an:1 once these ar'e kna.-m it is 

then possible to estimate the amount of organic matter 

prcrluced. 

To do this it is first necessar>y to know the rate of 

development of the vaz:,iotB growth stages. Ideally these should 

be determined in the field in order to take into account not 

only the influence of temperature on development rates, but 

:also any effects of natural variations in fooo levels an::l 

·c,ther environmental factors. Unf crtunately field data from 

continuously reprcrlucing populations with overlapping 

gener>ations cannot be used to determine development rates. 

Development times of the eggs and copepcrli tes of C. 1,uca, i 

ha:i ther-efare to be determined in the labar>atory. 

1. Development times of Eggs and Copepcrlites: 

(a) Metho::is: 

Egg development times of c. Zucasi from lake Ototoa, 

ilielsea porrl (Aucklan:1), Lake Rotar>oa and the Waikato 

Univer-si ty porrl, wer>e deter-mina:i by Edmon::ison' s ( 1965) 

graphical metho::i which has also been usa:i far> copepcrls • 

by Taube (1966) and Bwgis (1971). Only the effect of 
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temperature on development rates was studied, because although 

other factOI"s might conceivably affect development times 

Elster- ( 1954 ) am Eckstein ( 1964 ) have shown that in other 

freshwater calanoids temperature is the only imp:,rtant 

environmental deter-minant of egg development times urrler 

natural con:ii tions o A sample of copepods was collecte:l. 

(by a vertical haul through the epilimnion of Lake Ototoa 

an:::l by tOtJs from the shOI"e at the other localities) an::l 

taken back to the labOI"atory in a dewar' flask. The females 

wer-e lightly anaesthetised with CO2 to slow movements, an::l 

their eggs removed . 30 to 100 egg sacs were taken in this 

way an:::l placed in 5 or 10 ml beakeris containing 3 - 5 ml 

of water- from the collection site. The eggs wer-e then inrubate:l. 

at the desired temperature by placing the beakeris in a foam 

plastic rack floating in a water bath the temper-ature of which 

shculd be kept constant to within + o.s0 c. This temper-atUt"e 
.. 

was generally that of the locality wherie the eggs were 

collecte:l., although on a few occasions other temperatures 

wer-e use:l.. This.ractice =:;hould not invalidate the result 

if, as would seem reasonable.,ei ther- lower-ing or raising the 

temperatur'e has proportionately the same eff eat on the 

development times of eggs at diff er-ent stages of developnent. 

The egg sacs wer-e counte:l. at intervals t.D1til all had hatche:l.. 

The nurnberi of unhatche:i eggs was then plotte:l. against time, 

and a straight line fitte:l. to the results which, when 

extrapolate:l. to the time axis, gave the mean developnent time. 
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Although it is probably best to leave the eggs attached 

to the females, it was foum that c. 1-uacsi females generally 

lZ"OOUced a new clutch of eggs soon after the ear- lier, one ha:::l hatched. 

Thus in initial experiments with gr-oups of egg bear-ing females 

numbers of unhatched clutches did not dect'ease gr,adually 

with time but instea:::l showed an initial drop followed by 

constant ar slightly inct'easing numbers of clutches as new 

eggs were :i;rcxluced. It was im:i;ractical to either, keep 

large number-s of females in individual containers ar to count 

the nauplii :i;rcxluced between obser '\ations , so the :i;rocedure 

outlined above was adopte::l. Removing the eggs fran the 

females did not appear, to affect the development times or 

hatching success. To test this a sample of females was 

taken, the eggs ranoved from _half of them aro. the egg 

development times deter'ffiine::i far them in the normal way. 

The other, half were kept in in:iividual container,s at the 

same temperat'Llr'e, an::i the development times of these 

eggs determined. No significant dif fer,ence was foum. 

between the development times of the eggs in these two 

gr,oups. Hatching processes appeare::l to be normal in the 

detache::i eggs aro. no J'l'm'tality was ever, obser,ve::l. 

Elater (1954 ) notes that in Di.aptomie graai.Us detached 

egg sacs develop normally at the SanE rates as eggs still 

attached to the female. 

The development rates of the .var>ious gpa,,.rth stages 

of c. 1,uoCBi were found by raising them individually er 

in pairs from the~. Calanoid copepais ar>e notcriously 
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difficult to culture in the labaratery ard this was found to 

be the case with C. luaas i also . The anbnals were very 

sensitive to small amounts of contaminants remaining on the 

glassware usa:i as cul tut"e vessels. In particular there was heavy 

martality in vessels which had been washed in detergents, 

even though these had been tharioughly rinsa:i in distilla:i 

water. Because of this all culture vessels were first cleana:i 

in chromic acid. ·nie provision of an ad0:l uate food supply also 

posa:i problems. Marine copepods can be reara:i on diets composa:i 

of single algal species (Mullin an::l Brooks 1967, CO!:"kett ard 

Llr'ry 1968, Ccrkett 1970) an::l initially a large number of 

experiments using cul tura:i algae ( Ch Zoroe l l,a pyroenoida3 a., 

ChZamydomonas rheinhardtii., Tetroaedon ap • ., Ooayatis sp . ., 

Coomarium ap.) as food fer C. luaasi were tria:i but without 

success . The method finally adopta:i was similar to that usa:i by 

Eckstein ( 19 64) far' rearing Diaptomw groaai Zoidea • 

4 - 6 ml of lake water ( obtaina:i from both far'est Lake 

am I..al<:e Roteroa, Hamilton) filtera:i through 18 xx ( 70 >1 

aperture) bolting silk to remove zooplankton, was placa:i in 

c.. 5 er 10 ml beaker ard to this was adde::i 5 - 8 drops of 

Banta's medium (Needham et al 1937). Apart fran the addition 

of bacteria ani protozoans, this acted as an ent1ichrnent 

medium for the lake water and stimulated the development of 

a variety of algae, especially in thse containers kept at 

higher temperatures . Into each of these containers were 

placa:i one or two eggs taken off females collected 

from either Lake Rotoroa or the ponds on the 
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Campus of Waikato University. The ailture vessels were then 

floate:i, as describe:i above, in water baths rnaintaine:i 

0 0 0 0 0 . at 12 , 15 , 20 and 25 : 0.5 C an::1 kept near win:iows 

expose:i to the normal cycle of day arrl night. 25 - 30 

containers were kept at each temperature, arrl generally 

each container' was examine:i daily (although this was not 

always possible) and the development stage of the 

animal note:i. This was often difficult to accomplish 

because considerable time ha:l. to be spent waiting f cr the 

copepcrl to o:-ientate itself so that its legs could be 

counte:i, an::1 tha"e wer-e un:ioubte:ily times when mistakes 

in instar- deta"mination occurTed. vJhen an animal die:i the 

vessel was discar-de:i an1 replaced by a new one containing fresh 

me:iium and eggs. 

Mcrtali ty was quite high in naupliar" an:l young copepcxii te 

stages, especially in the 12° culttres (table 27 ) , The 

most conmen cause of death was failUC"e to m::>ult successfully. 

Many faile:i to lreak clear" of the e».ivium, arrl occasionally 

other's became caught in algal mata"ial and dei:rlitus adhering 

to the sides of the culttre vessels. These hazards became 

less significant as the copepc:rls develope:i, arrl mcrtality 

decline:l mar-ke:ily after copepcxiite III (table 27 ) . 

52 caZamoeaia were raise:i to the a::lult stage at 25°, 53 at 

20° al:rl 7 at 15 °, but because of very slow development times an::1 

higher mat"alities at 12° none were raise:i past copepodite III. 

At both 25° and 20° a numb~ of males ard females wa"e mate:i 

and pt"crluce:i clutches of eggs which hatche:i into a secon::i 

gena"ation. 
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12° 

Survival % mcrtality 

Eggs 47 0 

Nauplii 47 85 
Cop. L 7 43 
Cop. II. 4 50 
Cop. III. 2 -
Cop. IV. 
Cop. v. 

Table 27 

15° 20° 25° 

SU'vivaJ. % mcrtality Survival % mcrtality SU'vival % mcrtality 

57 0 147 0 160 0 

57 40 147 40 160 35 

34 36 82 21 104 24 

25 12 65 15 79 13 

22 27 55 0 69 17 

16 0 55 4 57 2 

16 - 53 - 56 

survival of Catamoecia iuca3 i rear>ed at different temperatures. 

Note :- a) at 12° no animals developErl past Cop. III. 
b) it is not possible to give acctl'ate sur>vivcrship 

figures to the a:lult stage because the expe!'iment 

was te!'minated befcre many of the copepo:ls which had 

ha:l developa:i. to Cop. V ha:l moultErl to the a:iult. 

However, in 122 of such moults mcrtality was notErl 

on only 4 occasions. 
.. . 

1-J 
w 
a, 



The metha:i adopte:i fer rearing the copepa:is was 

obviously not ideal because there was no exact control 

over the foa:i levels in the cult'Ut"es. However, the algal 

foa::l. supply gr:,owing in the cultut"'e vessels was supplemente:i 

at weekly intervals by addi tionals of Banta' s me:iium, and 

the copepa:ls can probably be regaro.ed as at least 

ma:lerately well fe:i, as is evidence:::l by the pr-eduction of 

large clutches of eggs by many of the females (see below). 

(b) Results: 

The effect of temperat'Ut"e on the development times of 

the eggs and copepcrlites of C. Zuccei are shown in fig. 27 

and 28 . The development times of eggs fran the 

differ-ent localities deter-mine:i as desCr'ibed above are shown 
of 

in fig. 27 • The scatter/points around the fitte:i line 

(see below) is not J.ar,ge, but there is a terrlency fer the 

development times of eggs from Lake Ototoa to be a little 

longer than those from the other localities. However, these 

differences are only very slight, and because there are only 

small numbers of observations fran Ototoa the data have not 

been considere:i separ-ately. The mean length of time spent 

in each instar by the individual animals in the rearing 

experiments was estimate:i by takingthe average of the maximum 

an::i minimum possible times the individual couJ.rl have spent in the 

stage considere:i . The maximum was the time interval between 

the last observation befar'e the animal rroulte:i to the stage 

considere:i and the first time it was note:i to have moulte:i to 

the following stage9 while the mininu.un was the time interval 
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Fig. 27: The development time of eggs of 

Calamoecia lucasi at different tem­

peratures. The fitted line is 

B~lehradek's function (see text). 
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between the first observation when the animal was note:i to have 

moulte:i into the stage under consideration, an::i the last 

observation before it moulte:i to the following stage. The 

mean development times of the nauplii and copepooi tes shown in 

fig. 28 are the aver-ages of all these estimate:i individual 
.,. .. 

development times from the rear,ing experiments. B~lehra:J.ek' s 

e::iuation (McLaren 1963, 1965; McLaren, Car"kett arrl Zillioux 

1969; Ccrkett an::i McLaren 1970; Car"kett 1970) has been 

use:i to describe the results. This equation has the form: 

D = b a (T - ~) 

Where D is the development rate, T the temper-atllr'e and 

a, b and /4 fittErl constants. The use of this equation 

has been discusse:l at length by Mcl.ar'en (lac. cit.) . 

Corkett and McLaren ( lac. cit.) an::i Ccrkett Cloe.cit.) 

have found that the constants oG an::i b are the same for 

all development stages of the same species of copepcx:l . 

Thus once~ and b have been found fer one stage, e.g. 

the egg, then _the form of the a.irve relating developmental 

time to temper'ature far' any of the other- growth stages can be 

pre:lictErl as long as the development time of this stage at 

any one temperature is known. 

Fer Calamoeaia luaCB i the egg data was most complete. 
-.. -. 

McLaren et al (lac. cit.) have shavm that - 2.05 was the 

best estimate of b for the development times of eggs of a 

number of species of copepcxis, and this value has been use:l 
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Fig. 28: The relationship between development 

time of nauplii and copepodite stages 

of CaZamoeoia Zuoasi and temperature. 

The range of variation at each temper­

ature is shown and the fitted line is 

Btlehradek's function (see text). 
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for c. iua<:Bi also. The e:::iuation was fitted by conver:,sion to 

logarithms to give Log D = log a + b. log (T- ~) and the 

other two constants fourl by successively approximating to 

that value of ~ (-4.1) which gave the re:::iuire:i value of b 

in the regr,ession e:::i ua.t •• 

Using these values of b and oG , a number of separate 

values of a wer:,e calculated for each gr'Owth stage using the 

.wer'age development times found. at the differ:,ent 'experiimental 

temper:,atures • A mean valua of a f cr each stage was then 

obtained by averaging these separ-ate values of a, and was used 

in the e::i uation desa-ibing the relation between development 

time am temper-ature. The eq,uations calculate:i in this way 

(table 28 ) desa-ibe the data ver;,y well (fig, 28 ) arx:l. 

have been used to estimate the average development times of the 

older copepc:rli tes at 12° arx:l. 15° wher-e observational data is 

lacking.· 

It must be emphasise:j that B~lehr-~ek' s e:::i ua.tion 

has been applie:j . to the development times of Catamoeoia 

Z.uoc:e i only because it irovides a standC'dised way of 

desa-ibing an:1 canparimg the effect of temper-atUC"e on the 

development times of the differ,ent gr,cwth stages, arx:l. also 

because it enables the data fer c. tuoas i to· be directly 

compariErl with results obtamed fran other, copepc:rls, 0ther­

e::iuations can desa-ibe the relationships a:lequately also, 

Fer instance that between egg developmP.nt rate an::i 

temperat\,lt"e can be fi ttErl to the power C\Jr'Ve 

D = 5547. 7 T- 1•50 (r = 0,971 cf r = 0,974 fer B~lehr-~ek's 
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EGG 
lJPUPLIUS 
C0PEP0DITE I 
ffiPEP0DITE II 
C0PEP0DITE III 
COPEP0DITE IV 
C0PEPODITE V 

Table 28 

EQUATIO:J 

D = 1317 (T + 4.1)-2•05 

D = 5936 (T + 4.1)-2 •05 

D = 2194 (T + 4.1)-2005 

D = 2120 (T + 4.1)-2.05 

D = 2322 (T + 4.1)-2005 

D = 2990 (T + 4.1)-2005 

D = 4020 (T + 4.1)-2•05 

Tne relationship between development time 

arrl temperattre fOI'.' CaZ.amoeoia Z.uoasi 

reat'ed. in the labar,atOt'y. 

0 D = days. T = C 
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e::iuation). McLaren et al( 1969) have found that the values of 

-:~ fat' egg development rates of a number> copepcxi species are 

related to aver>age environmental temper>ature, cold-water> species 

have lav values , and warm-water- species high values . McLaren 

et al' s fig. 3 is shCMn as figlll'.'e 29. Pm approximate point fer 

Co Zuca3 i ( using the yearly aver-age epilirrnetic temperatl..lt'e 

of Lake Ototoa 16.8 °c, an:i ~ =-4.1) has been a:ided fer 

ccmparison, and appears to fit into the gener-al relationship. 

A ccmpac-ison of the times taken to develop fran egg to 

a:iult, am. of the time spent in copepcrlite V, was ma:ie 

'between1~rna.ie an:i female c. Zu.ccs i reared at 15°, 20°, am. 
0 25 .. The results are shown in table 29 . No significant 

diff er-ence was found between the development times of the 

two sexes. 

In the 20° an:i 25° cultures a number- of the males arrl 

females were mated arrl egg production of the females 

follaved throughout the:ir a:iult life. These observations are 

:i;resenta:l in tables 30 arrl 31 . Most females pt'crluca:l mere 

than one clutch, the mean being 1. 8 at 20° an:i 2. 2. at 25°. 

The maximum number of clutches p:-crl uca:l was six. Clutch 

size varia:l between 1 arrl 10 (mean 5 .5 at 20°, 3. 7 at 25°) 

arrl the total number of eggs prcrluce::i per- female varied fran 

o to 24 (mean 16.0 at 20°, 8.3 at 25°). The prcrluction of 

clutches of eggs throughout the life of any one female Var'ied 

gr-eatly, although some gener>al points emerge. Females were 

capable of pr'cxiucing eggs very soon after moulting frcm 
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Fig. 29: (Fig. 3 of McLaren, et. al., 1969). 

The relationship between a ("biological 

zero") of B~lehr&dek's temperature 

function for eggs of eleven species of 

copepods and estimates of average 

temperature in their envi~onmental 

ranges. These values for CaZamosoia 

Zuoasi in Lake Ototoa have also been 

shown. 
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Temperature 

25° 

20° 

15° 

Temperature 

25° 

20° 

15° 

Mean Development time 
Egg - Pd.ult (days) 

Male 16.6 

Fe.11ale 19 .4 

Male 23.7 

Female 22.8 

Male 36.8 

Female 35.18 

Mean Development time 
Copepo:ii te V (days) 

Male 4.67 

Female 5.28 

Male 4.63 

Female 5.51 

Male 11.4 

Female 7.6 

s n t 

4.9 24 1.911 
5.8 29 (ns) 

5.69 29 0.625 
4.46 24 (ns) 

8.82 3 0.266 
7,09 4 (ns) 

s n t 

2.33 26 o. 797 
3.09 25 (ns) 

2. 75 26 0.991 
3.63 26 (ns) 

6.41 3 1.036 
3.22 4 (ns) 

Table 29 Development ti.me of copepod.:.te V, and total 

time taken to develop iran egg to a::lult, fCX" 

male and female copepoos reared at 25°. 20°, 

arrl 15° C. 
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Day 
1 
.J. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

32 

33 

34 

35 

36 

39 

43 

68 

69 

70 

75 

Female 1 2 

... _ .. -
6. -]. 

6 ... -·· 
s 

7 .. -
J..l. 

7 

6 ... -
ll.l. 

6 

4. -
l.V 

4 

s 

s 

3 4 5 6 
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].].]. 
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1 2 
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7 

Table 3 0 Breeding activity of 

females reared at 20°c. (1: = 
male added; - = female carrying no 

eggs; s = female carrying sper>mato­

phOl'.'e; 1-8 = clutch size; i-iv= 

clutch number). 
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Female 1 2 3 4 5 6 7 8 9 10 11 12 13 
Day 

1 ·'· ... ·'• ·'• ... ., . ... _ .. - _ .. _ .. 
-" 

_ .. _ .. _ .. 
2 

3 2 3i -
l. 

4 2 8 _,, ,,. -· 
l. 

5 6 s 4 4 4i 
l.l. 

4i 6 6 •'· _ .. -
..., 6 I 

ii 
8 6 ·'• _ .. s 3ii 

9 4 6 6i 
i iii 

10 _-.,•: •'• _ .. - s 4 6 li 

11 s 7 
l. 

12 Si - 5 s 7 
iii 2 s 3iv 

13 2ii - 5 s -
ii 

14 4 s 2 s 

iv 
15 4 s 2 2ii 

ii 
16 3 ± ± ~ 2 

i 
17 3 3 li -

V 

18 3 s 

19 6 s 
l.l. 

20 6 4 s •'• _ .. ·'• _ .. 
vi 

21 4 s 1 
Table 31: Breeding activity ii 

22 liii - 1 4i 
of females reared 25°C. - at 
( ,, = male added; - :. fema-23 
le carrying no eggs; s = 

24 female carrying spermato-

25 phore; numbers = clutch 

size; i-vi = clutch number). 26 

27 

28 



copepcxl.i te V ( e. g • f ernales 9 + 10 at 20°, table 30 ) . 

Gener:'ally eggs were ircxJ.uced the day after the intrmuction 

of a ma.le, although in sane cases, particularly at 25°, 

egg prcxl.uction did not begin far some time. Often two ar 

mare clutches were prcxl. uced in quick succession, followed 

by fwther egg irmuction at longer intervals and often the 

first clutches of eggs wer:'e larger than later ones, although 

this was not always so. The a:iults lived far consider:'able 
being 

lengths of time, the longest live:Y female 1 at 20° (table 30 ) 

who survived far 75 days as· an a:iult. This particular 

female pro:iuce:i 4 clutches of eggs in its first rronth. 

However, when a new male was a:ide:i after 2 months, ma.ting 

occwred but no eggs Wer:'e pr-educed, and this may indicate 

that fertility declines with age. 

Population Dynamics: 

The standing stock of the total population, or any 

part 'oi it, reIZ"esents the net result of the balance between 

numbers. enter:'ing the population er stage, and those leaving 

it. My change in the standing stock over a periicd of time 

is an indication that this balance has changed . These pr1ocesses 

were estimated far the population of C. Zuoas i in Lake Ototoa 

by the widely used methods pioneer:'ed by Elster ( 1954 ) and 

B:lmondson ( 19 60 ) which have been fully discussed in a number 

of recent publications (Petrusewicz and McFay::ien 1970, 

B:lmondson arrl Winberg 1971, arrl Winberg 1971). 

The number of indiv;i.duals passing from one stage of the 

life cycle to the next between samples (recr'uitment to the 
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latter- stage) was calculate:l by: 

~ s - 1 • T 

n 
s -1 

0 I O O O O O O O O O I O O I O I O O O O I O O O I O ( 1) 

wherie R is the recruitment into stage s, ~ 1 is the s s-
aver-age of the stock. of stage s-1 on two consecutive sampling 

dates t 1 an:1 t 2, '.Cs-l is the aver-age of the development rates 

at times t 1 an:i t 2, an:1 T the time inter-val cansider-e:l is 

t 2-t 1 . This relationship applies to the whole population 

er any par-t of it. Thus rea-ui tment into the pop.ilation as a 

whole is meas'l.tr"e:l by the number- of eggs hatching d'llt"ing the 

inter-val (Fl) ; 

R = • T 

I I t I I I I I t I I I I I I I I I I I I I I I I I I I ( 2) 

where ~e is the average of tha egg stock at times t 1 an:1 t 2, 

n e the average of the ega development times at t 1 and t 2 an::l T 

the intet"val consider,ed ( t 2 - t 1) • Similarly rea-ui tment into 

copepcxiite III fer example is given by: 

" T 
I O O I I I I I I I I I I I I O I O I I I I I I I I O I ( 3) 

where RIII is the number of animals moulting into copepodite III 

fr\om copepc:x:iite II, flII and nII the avE!r'age stock and developnent 
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time of copepooi te II duri_ng the interval T. 

The numbers leaving the population or any phase of it 

(ns) is the sum of the efflux to the folla-;ing stage arrl 

"losses" during the interval ( loss inclu:les all forms 

of mortality, due to old age, pre:iab.on, failwe to moult 

successfully etc., and when the total population is 

consider-Erl as a unit these constitute the whole of ns). 

Thus: 

N 
n = s . T + losses 

s D s OOOOQOOOO 00000000 0000 ( 4) 

where N and i> are respectively the aver-age stock s s 

and development time of stage s dUJ:"ing T. Thus for 

copepooite IV far exanple~ 

. T + losses 

arrl for the total population: 

ntotal = losses 
oeooooooooocio•••oeosioo 

Therefore, if change in stock is designate:i Nst2_ u!1 

where N!1 is tre stock of stage at time t 1 and tr!2 the stock 

at a later time t 2 then: 

fl s-1. T 
fj 

s . T - losses 

( 5) 

( 6) 

0000000 

i5 s-1 
i5 s 

i.e. (1) minus (4). 

This equation can tl-ien be rearranged to give losses: 
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tl1- Nt2 
fj 
s-1 N 

losses- = + T s T s s- . -
D s-1 i5 OOQ.00000 s 

If desired far cor:iparative purpose::i this figure may the be 

cor.verte:i to a specific loss rate by dividing the total 

losses by N. 
s 

Thus if the total population is considered: 

= lltTl _ utT2 + Ne loss(total) i~ Ii • T 

( 8) 

tl t2 where NT and NT are the total standing stock of the population 

on two successive sampling dates, an:l N an:l D are e e 

respectively the mean egg stock and egg development rate during 

the interval T, an:l in copepod~te IV far example: 

lossIV = Ntl - Nt2 + 
IV IV . T • T 

oeooooooo 

Tne equation fer adult losses has a slightly different 

farm because there is no "efflux" to a following stage: 

(10) 

lossVI = Ntl - Nt2 -+ VI VI NV O T O O O • 0 0 •••• 0 ••• 0 • 0 0 0 ( 11) 

Once the losses in the adult stage have been calculated it 

is then possible to estimate the average ecological longevity 

(t) of the adults (Petruscewicz smd Mcfadyen 19 70): 

t = . T 0 0 0 0 0 0 0 0 0 0 0 0 0 •• 0 0 • 0 ••• 0 Q O O O O O O O •••• 0 0 ( 12) 
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where "'y E is the number of adults elirninate::i in time T, 

which is ~ual to lossVI ( 11). 

Using these methods, and the laboratory deter.nine::i 

development times, recr-uitment and loss have been 

calculate::i f ~ the population as a whole, as well as 

losses of nauplii, copepodites I - V an:i adults (table 32 ) . 

Losses in the egg cannot be determine::i separately, and 

are· inclu:led in the naupliar losses, but the results 

of the reari ing experiments would suggest that egg 

mot'tali ty is minimal. It is realised that the average 

developnent times determine::i in the laboratory are unlikely 

to correspond exactly to the field rates ; and may at times 

be widely different. However, it is hope::i that at most 

times they provide at least a first approx:..mation of the 

actual development rates. In all cases the ternperatut'e use::i 

in estimating the development times of the variious stages 

in Lake Ototoa is the mean temperatllr'e of the upper 15 m, 

since checks on the vertical distribution of the copepcrls 

in:l.icate::i that very few animals wer-e found below 15m at any 

time of the yeari, or day arrl night. Recr-ui tment and loss as 

calrulated in this study repr-esent mean values between 

sampling dates, and in gpaphing the results values have been 

plotted midway between these times. 
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Egg Egg Loss 
No.days Egg Mean prodn. prodn. per 

DATE between D stock ES H in Nov. between Ntl Nt2 Loss day 
samples D (ES) (e/c) (f.a) each date NT T - T (i+g) (j/a) e e 

(a.e) 

(a) (b) (c) (d) (e) (f) (g) (g) (i) ( j ) (k) 

26.10.69 2.99 1629 11851 

6+1 2.93 1199 409 409 2863 1462 4325 618 

2.11.69 2.86 768 10389 

7 2.78 566 204 1428 1428 4279 5707 815 

9.11.69 2.70 363 6110 

8 2.51 694 276 2208 2208 -458 1750 219 

17.11.69 2.31 1024 6568 

7 2. '2 5 1284 571 3997 3997 -2233 1764 252 

24,~_11.69 2.19 1543 8801 

6 2 •. 21 923 418 2508 2508 1213 3721 620 
,, 

30.11.69 2.23 303 
. 

7588 . 
10550 

Table 32(a): The calculation of monthly production and loss figures, hatching rates 

and loss. rates (Lake Ototoa, November 196'9). Symbols explained in text. 

Losses 
in 

Nov. 
(k.a) 

618 

5707 

1750 

1764 

3721 

13560 

I-' 
c.n 
0 



No.days 
between Mean 

lnNt!lnNtl r' d' D , T DATE samples H NT NT B b' lnN 
(b/d) ln(B+l) T T ~ (h/a) (f-i) (1-e~d) (1/k) 

(a) (b) Cc) (d) Ce) (f) Cg) (h) Ci) ( j) (k) (1) 

26.10.69 11851 9.2646 

7 409 11120 0.037 0.0363 -0.0161 -0.0023 0.0386 0.0379 26.4 

2.11.69 10389 9.2485 

7 204 8250 0.025 0.0247 -0.5308 -0.0758 0.1005 0.0956 10.5 

9 .11. 69 6110 8.7177 

8 276 6339 0.044 0.0431 0.0723 -0.0090 0.0341 0.0335 29.9 

17.11.69 6568 8.7900 

7 571 7685 0.074 0.0714 0.2926 -0.0418 0.0296 0.0292 34.2 

24.11.69 8801 9.0286 

6 418 8195 0.051 0.0497 -0.1483 0.0247 0.0744 0.0717 13.9 

30.11.69 7588 8.9343 

Table 32(b): The calculation of instantaneous birth and death rates, instantaneous rates of 

population change, finite birth and death rates and population turnover time. 

(Lake Ototoa, November 1969). Symbols explained in text. 
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Noodays 
between 

DATE samples NIII 

Ca) (b) 

26,,10.69 67 

7 

2011. 69 422 

7 

9 .11. 69 289 

8 

17.11.69 1144 

7 

24,11.69 1045 

6 

30.11.69 583 

NIII 

Recruitment 
into CIV 
between 

DIII nIII dates NIV 
days days (c/e)oa 

NIV DIV 

Recruitment tl 
into CV(efflux N1v- Loss 
from CIV) betw- Nt2 in 

IV CIV f\v een dates 

Loss 
per 
day 

days days (h/j).a (l+f- (m/a) 
~) 

(c) (d) (e) (f) (g) (h) (i) (j) (k) Cl) Cm) (n) 

5o3 133 6.8 

245 5.2 330 156 6.7 163 -45 122 17 

5.1 178 6.5 

356 5.0 498 134 6.3 149 89 438 63 

4.8 89 6.1 

717 4.5 1275 234 5.7 328 -289 658 82 

4.1 378 5.3 

1095 4.0 1916 723 5.2 9 o/ 3 -689 254 36 

3.8 1067 5o0 

814 3.9 1252 842 5.1 991 450 711 119 

3.9 617 5.1 

Table 32(c): The calculation of recruitment into, and losses from, copepodite IV. 

(Lake Ototoa, November 1969). Symbols explained in text. 

~ 
c.n 
N 



Moo.els of population gr-awth based on the well knavm 

exponential growth e::i.uation have also been use::i to 

estimate instantaneous b:irth and death rates in copepo:l 

populations (Edmondson, Cami.ta and Anderson 1962, 

Cummins et al 1969 , Bu:rigis 1971, Kibby 1972 , 

lliaprnan 1972). In such moo.els population gra...rth is 

j es Ct" ibe:i by: 

where: N = 0 
population size at time o. 

N t = population size at sane later time, t. 

r = instantaneous coefficient of population 

T = time between 0 am. t. 

e = base of natural logar-ithms. 

incr-ease. 

When ir.imigr-ation and emigration into the population can be 

assumed to be negligible) changes in population nunbet"s will cane 

about only as a result of variations in birth and death rates 

and the instantaneous coeff iciP..nt of population gr-a...rth, r, 

may be thought of as canpr-ising an instantane01..:s birth rate, b, 

and death rate, d. Thus: 

arrl: 

r = b - d 

N =Ne (b-d)T 
t 0 

In practice, b can be calculated from the finite b:irth 

rate (Edmondson 1960 ). 

I 

b = 1n (1 + B) 
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(the pr'ime on b' , and also on following d's and r's, 

indicate that these are only estimates of the true values). 

Measurements of population s:..ze on two consecut:..ve dates 

can be used to calculate r' : 

r' = 
lnlJt2 - lnNtl 

t2 - tl 

Thu9 having estimates of both b' and r' it is possible to 

calculate d' : 

d' = b' - r' 

It is implicit in such models of population gr-owth that 

individuals born into the population repr'o:iuce themselves at the same 

rate as those present pr'eviously, and do so within the interval 

between samples . This may be true when such animals as 

rotif ers are considered which hatch, matUC'e and begin to repr'od u::e 

between sampling dates ,, but in the stu:iy of most copepo:i 

populations ., in which the time between samp1.i,ngs is ncrmally 

relatively short canpare::l. to the length of the life cycle it 

is not strictly ccrrect to assume geometrical population gr'Oilth, 

and the methods outline::l. above are not truly app:i..icable. lJever­

theless, far the purposes of canparison with other p..iblished 

figures 9 instantaneous rates of birth and death were calculate::l. 

fer CaZamoeoia Zuoa3·,c in lake Ototoa. B was calculated £ran 

the mean hatching rates an::i mean total population size 

between sampling dates: 
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B = fl 

fl 

and the total population m.nnber>s on two consecutive sampling 

dates were use::l. to calculate r' ( table 32 ) • 

Mean egg hatching rates (H) arrl losses per day ( L) fat' 

the total population and COr'responcling-instantaneous birth arrl 

death rates are shown in fig. 30 . Using the values of H arrl 

L, estimates of total monthly egg pro:1 uction ( P ) , total 
m 

monthly loss ( Lm) and net monthly pro:luction ( P - L ) 
m m 

have been calculate::i (table 32 ) and are also shoi-m. 

Daily loss rates fat' the various gr-owth stages throughout 

the sampling perio:1 are shown in fig. 32 . It can be 

seen that negative values far loss arrl death rates occurTe::l. 

on a number of occasions . This para:ioxical situation 

results when the change in pop..1.lation size during a time 

inter>val is gr-eater> than the difference between numbers 

entering an::l leaving the population, and can result from 

sampling errors, erTat"S in determination of lreeding 

parameters at' fran the estimated development times 

being different from the 1:r'ue ones. When such negative 

values ocCI..II"re::l they have merely been accepted at their 

face value. 

Hatc.'ling rates rei;naine::i rather constant from May to 

September, but increased to higher levels in October an:i 

November, and Januar'y and February. These increases were 
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Fig. 30: Parameters of egg production and total 

population losses in Calamoecia lucasi 

in Lake Ototoa. Upper histograms: 

monthly losses (dashed lines); net 

production (black histograms). The 

graphs are of: mean number of eggs 

hatching per day (H), losses per day 

(L); exponential birth and death.rates 

(b', d'), and rates of population 

increase or decrease (r'). 
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not very ~eat however being to only about 3-4x the mean 

winter-early spring values. Far- most of the year' changes 

in b' mirrar-ed changes in H, and there were only slight 

differ>ences ar'ising from differences in population size 

at different times. Changes in hatching rates were 

lar'gely dependant on variations in the per'centage of 

oviger:-ous ~~ (per-centage ovigerous ~ am. H are 
. . . ,•:,•, ·l: 

s1.gm.f1cantly carirelate::i, r = 0 ,564 , n = 50) and 

temperature had a less mar'ked, but still significant 
r/n'c 

effect Cr= 0.374 , n = 50), as Chapnan (1972) has also 

foun::1 fa:' c. tuocai in Lakes Rotorua and Rotoiti. 

Ther:-e was also a significant negative correlation between 

mean hatching rate between sanples arrl stock of 

• • ( t'r mgestible phytoplankton on the first date r = -0. 334 , 

n = 41) but the am:>unt of ingestible phytoplankton is 

also significantly negatively carirelated with tempec"atUC'e 

** . (r = -0.397 , n = 41) arrl when this is taken into account 

by par'tial correlation analysis the car-relation between 

H arrl ingestible phytoplankton is not significant 

(r = -0.218, n = 41, ns), 

' The curves· of loss rates L and d Wet"e also very 

similar- arrl both varied consideriably, generially 

fluctuating arol..nd the curves of H and b' . Periods when 

hatching rate werie high wec-e generally accompanied by 

higher losses, especially in sp:,ing and summer, and the 

' 
only pericrls of consistently red ucerl losses were in J\lle 

and December'. The gener-al features of the H, L, b', d 1 
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and also the r' cwves are sha,m more clearly in figo 31 

where a °t'"do point moving average has been applied to the 

data in f igo 30 o These smoothed curves emphasis the way 

in which losses generally follow b:irths, especially from 

July to Hovember, an:i the more prolonged perio:is of excess 

of births over deaths in June, December and early February. 

r' is an expt'ession of population c.'1ange; when r' 

is positive the population is incr'easing, when negative, 

decr'easingc The curve of r' emphasises the constancy of 

the Ototoa population. It shows no clear seasonal trends 

and generally fluctuates at'ound the zero line. The only 

periods when r' was positive for more than t'"wa consecutive 

intervals were during JWl.e and July, December and early 

February - times when, as noted above, losses were low 

rather than when births were par-ticularly high. The 

longest periods of population decease were in autumn and 

ecF ly winter. Thus for most of the year in Lake Ototoa 

p:'o:i uction of eggs was balanced by loss. Therie was little 

relationship between egg production and population size, 

the main determinant of which was loss, and throughout 

the year periiods of posi t:i-tti ve r' were always followed, 

within at most 2-3 weeks, by large incr'eases in losses. 

Similarly, Chapman (1972) found that in Lakes Rotorua and 

Rotoi ti egg production was generally balanced by losses and 

r' was never positive for long. 
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Fig. 31: Parameters of egg production and 

total population losses of Calamoeaia 

luaasi in Lake Ototoa. The raw data 

used in preparing fig. 30 has been 

smoothed by averaging the values on 

successive dates, and the resulting 

figures have been plotted at the mid-

point of the time interval. 

ations as in fig. 30. 

Abbrevi-
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The histogr'ams showing monthly egg pro::l.uction, loss 

and net pra:iuction serve to er:i.phasise these pointso 

Although October, Hovember, January and February were the 

months when the egg production was highest, net pro::l.uction 

was gr:ieatest in March, ,June and December because of lower 

losses in these months which were times of low egg 

pra:iuction. The gr'eatest negative net pra:iuction was in 

May when losses greatly outweighed slight inct'eases in egg 

pra:i uction o In other months increase:i egg pro:luction 

was usually balance:i by increased losses and net production 

was never gr-eatly positive or negative in any one month, 

nor for more than one month in successiono 

A figure f<r' yearly net production can be obtaine:i if 

the total yearly loss is subtracte:i from the total yec3J:"ly 

egg pra:i uction and expressed as the percentage of the 

total :i;ra:iuction which survived. Thus in Ototoa net 

pvoouction was o. 6% of total production whid1. may be 

canpared with the similar figwe of -L 6% in I..ake 

Rotorua an:i the considerably higher value of 16. 8% for 

C" 7,,ucas i in Lake Rotoi ti ( 07.apman loc. cit. L Also the 

seasonal patterns of egg production and total population 

loss in t>-iese two lakes are similar to that found in 

Lake Ototoa, except that the increase in egg production 

which occwred in October and Hovember in Lake Ototoa was 

not mtil December, and this is presumably relate:i to the more 

southerly latitu:le and sla-1er rates of heating of these 

large lakes o 
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Loss rates in the various development stages are shown 

in figo 32 which also relates the losses to the possible 

development si:quences outline:i abo\e (pJ.OOff). The most 

noticeable feature ofthese data is that for much of the 

year most of the loss oca.tr'r'ed in the adult stage and much 

less in the copepodites. In the copepodite stages, 

especially the later ones, loss per- day generally fluctuated 

around the zer-o line, al though values ten:l.ed to be somewhat 

higher in summer- and autumn. In the nauplii and copepodites 

I an::i II there was little loss early -in the winter, but 

loss increased later- in the winter- arrl in Spl'.'ing and surruner-. 

Dw ing much of the late siring arrl summer' the losses of CI 

wer-e consistently negative, arrl this cruld be because 

either the development times use:i in the calculations of 

loss were incc:rrect, or because the naupliar population 

was under-sarnple:::l. It was note:i earlier that developmental 

gr,oup 6 may have undergone heavier morta\1.ity in spring 

than the gr-cups ~ece:iing it or succeeding it, and in 

fig. 32 it can be seen that losses in the nauplii, 

CII, CIII an:J. CIV wer-e higher' than in the other gr-cups. 

Losses in the a:iults closely followe:i increases in a:iult 

standing stock an::i was higher' in Apr-il an::i May (when the 

population was decreasing) arrl after the stock incz:,eases 

in December'-January arrl February, while in the winter- gr,oups 

4 and 5 loss gener-ally fluctuated more, 
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Fig. 32: Losses per day in the developmental 

stages of CaZamoecia Zucasi in Lake 

Ototoa, and the sum of these losses. 

Seasonal changes in the numbers of the 

various developmental stages and of the 

total population, and the possible 

sequence of development groups (see fig. 

21) are shown in the overlay. 
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The total losses in all the individual stages is also 

shown in figo 32 an:i it is interesting that this curve is 

almost exactly the same as that for total losses calailated 
v;h1ch 

as L (fig o 30 ) and emphasises the way in,, \population 

inet"'eases are closely followed by inet"'eases in loss o 

The total reet"'ui iment and loss f Cft:' each development 

stage in each of the developmental gr,oups has been foun:i 

by determining the area under the appr'opriate regions of 

the daily loss cur:'ve (fig. 32) and the daily reet"'Uitment 

Cl.lr'ves ( not shown here) with a planimeter o The results 

of this analysis are shown in table 33 • AA estimate 

of percentage sut"vival (S) in each stage can be made as 

follows: 

wher-e: 

s = 

R = total reet"'ui iment 

L = total loss 

In those cases what"e loss was negative, sur'vival ha:s been 

assume:1 to be 100%. 

S1.Ir'vival in the naupliar- (48-77%) and copepcxiite ( 15-

100%) stages wai:, genat"ally high an::1 for the y~ar as a whole 

the ovat"all survival of nauplii an::1 copepcxiites was 

90%. There was no trerrl fa, any of the copepodi te 

stages to have highat" pat"centage survival than the other,s, 

but the nauplii showed lc,..1er survival. Hcwevat", the 

figures far:' their sur-vival are of course a collective 

figut"e fa, the 6 naupliar stages, and if the losses for 

these could be calculated separ'ately they would show a higher 

survival. 
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NAUPLII. COP. I. CDP. II. COP. III. COP. IV. COP. V. ADULTS. 
Average 

GROUP R L ,s R L ,s R L ,s R L ,s R L ,s R L ,s R L IS% Cop.+ 
Nauplii 
surviving 

1 9725 2975 69 9475 -2350 100 6175 -175 100 6175 375 94 5925 -50 100 5275 -2625 100 9400 8275 12 94 

2 4225 1300 69 4050 -1925 100 6625 -4375 100 11950 -2525 100 14625 -2550 100 17250 1625 91 13400 14925 -11 93 

3 900 400 56 1025 625 39 800 650 19 600 175 71 500 425 15 550 -350 100 1300 900 31 50 

4 11700 3475 70 8725 250 97 8400 250 97 8150 1475 82 6975 1300 81 5125 800 84 5950 7575 -27 85 

5 11750 4150 65 10450 4500 57 6600 2625 60 3375 500 85 2875 75 97 3125 -1750 100 3750 925 75 77 

6 16575 8600 48 9000 -1050 100 9875 4825 51 5225 1325 75 3925 1475 62 2250 400 82 2925 5650 -93 70 

7 14450 3325 77 10700 -5450 100 16725 2375 86 14750 -1775 100 17025 6050 64 11550 1750 85 10325 9275 10 85 

8 13525 5575 59 8950 -8400 100 17200 1375 92 16325 -1025 100 18050 -975 100 19250 3900 80 14300 13635 5 89 

TOTAL 82850 29800 64 62375 -13800 100 72400 7550 90 66550 -1475 100 69900 5750 92 64375 3750 94 61350 61159 0.3 90 

Table 33: Recruitment (R), loss (L) and the percentage of the recruitment surviving (IS), in the various developmental 

groups of CaZamoecia Zucasi in Lake Ototoa. The average% survival in the naupliar and copepodite stages is 
i--' 
er, 
f-' 

also shown. When loss was negative, survival has been assumed to be 1001. 



An estimate of the average survival in each nauplius 

stage can be made using an approximate aver-age recr-uitment 

B; 

R = R + (R - L) 
2 

and for the yearly total this is 679500 Assuming that the 

total naupliar loss is spread evenly over- all the naupliar 

stages then the swvi val in any one nauplius stage becanes: 

aru this value is 93%, which is very similar to the aver-age 

swvival of 95% in the copepodite stages throughout the year. 

Thus overiall there seems to be relatively high and similar 

survival in all the immatwe stages. arrl that as noted 

above most mortality occurs in the adult stage, in which 

the yearly percentage s trvi val was only· 0. 3%. A very 

approximate estimate of the averiage amount of the egg 

i:ra:Iuction which survives to the adult was obtained by 

dividing the adult recr'uitment by the naupliar rect"uitment 

and the figure so obtained is 74%. 

Toe patterin af. swvival was not the same in all of the 

developmental gr-oups, however o Survival in the. summer and 

autumn gr'oups 1, 2, 7 and 8 was similar arrl high as it 

was in the two winter gr-oops 4 and 5, al though in these the 

aver>age percentage survival was a little less than in the 

sumner an:l autumn gr'OUps o However, gr-oups 3 and 6 

partirularly the farmer, showed lower survivaL Grioup 3 
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developed in the transition between autumn am. winter, when 

the population as a whole was declining slightly, and develope::i 

when both temper-ature and nurnber-s of ingestible phytoplankton 

were dropping. Survival was low particularly in the stages 

from nauplius to CIV but higher- in the 0/s and a:l.ults. 

In Lakes Rotarua am. Rotoiti Olapman (1972) also foun:l 

lowere::i survival in the autumn when the populations decline::i 

considerably. In Lake Ototoa, apart from the lower 

survival in group 3, at this time there were also large 

losses in the adults of ~oup 2 . 

~oup 6 on the other hand was developing during s:pring 

and early sumrnet' , when temper-atures were incr-easing 

mar'ke::ily, phytoplankton stocks were at low levels and other 

zooplankton species ( especially Bea mina meridionaZis and 

the rotifer-s) were increasing in numbers. As already 

note::i mortality was relatively higher in the nauplii and 

copepa:li tes II, III and IV of this ~oup than in ~oups 

4, 5, 7, 8 an:::i 2. This slight decrease in survival in 

the Spr' ing animals was not fourrl by Chapman ( loc. cit.) 

in the Rotarua Lakes wheI"e there was higher survival in 

spring leading to a large population pulse at this time, 

a pattern not obser-ve::l. in Lake Ototoa. 

It can be seen that rect"uitment was mu::h higher 

in the summer- an:1 autumn groups than in the winter ones. 

However, this ci id not result in cC!'.'respon:1 ingly gr,eater 

stocks of the copepa:lites because the debit to the following 

163 



stage increased in a complementary manner . Similarly, 

the crlult stocks of the surrrner an:l autumn grc:ups were 

not very much larger' than in the winter ones because at 

most times losses balanced recr-uitment, except far shcrt • 

per-ia::ls resulting in isolated stock peaks which were 

however- immediately followed by increased losses. 

Adult length of life:-

The average ecological longevities of the adults 

throughout the year are presented in table 34 

and range: between 1.1 an:l 76.9 days {mean 17.6 CV 90.5 %). 

There was no clear seasonal trerd, but the gr,eatest longevities 

were in the early autumn and in the late spring and early 

summer. The mean longevities of the various adult 

groups are also sho,m in table 34 , an:l the s:i;ring, early 

summer and autumn groups { 5, 6, 7 an:l 1) terd ed to have 

mean longevities greater than the others which may 

indicate mere favotrable con:iitions far the cdults at 

these times. Although the mean ecological longevity was 

considerably lower than the lengths of life of many of 

the in:iividuals reared in the labcratary (tables 30 an:l 31 

pages 14 3 - 4) it is sllnilar- to estimates of 22 • 5 days 

far Diaptomus vuZgaris in summer {Tonol!i 1964), 11.5 

days far D. Zaciniatus (Nauwerck 1963), ca 2 weeks far' 

D. graciZis (Chapnan 1969) an:l also ca 2 weeks fer 

BoeckeZZa propin.qua (Green 1968). 
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DATE 

10.3.69 
17.3.69 
24.3.69 
31.3.69 
12.4.69 
21.4.69 
28.4.69 
5,5.69 

12.5.69 
19.5.69 
26.5.69 

2.6.69 
9.6.69 

16.6.69 
30.6.69 
5.7.69 

14.7.69 
21.7.69 
28.7.69 
4.8.69 

11.8.69 
18.8.69 
25.8.69 
1.9.69 
8.9.69 

15.9.69 
22.9.69 
29.9.69 
6.10.69 

13.10.69 
19.10.69 
26.10.69 
2.11.69 
9.11.69 

17.11.69 
24.11.69 
30.11.69 
14.12.69 
22.12.69 
29.12.69 

6.1.70 
12.1.70 
19.1.70 
27.1.70 
2.2.70 
9.2.70 

17.2.70 
23.2.70 

3.3.70 
9.3.70 

Mean 
longevity 
in period 

(days) 

7ol 
76.0 

5.5 
7.1 

13.5 

8.4 
8.1 

18.0 

1.1 

30.2 

27.3 

10.8 

9 • 4-

6. 4 

10.3 
19.4 
40.3 

7. 2 

11.3 

13.6 
9. 8 

33.8 
17.0 
32.8 

18.7 
61.5 

7.4-
6.9 

12 0 4-
16. l 
13.4 
12.8 
, 8 0 2 
15.5 

Adult 
group 

1 

2 

3 

4 

5 

6 

7 

8 

Me.,,n 
longevity 
of group 

(days) 

29.5 

11. 0 

15.7 

13.9 

19.6 

21. 4 

23.6 

13.l 

Population 
turnover 
time (T) 

27.9 

14.9 
20.5 

14.2 
14.4 
18.6 

11.7 

4- 5 .1 

75.8 

12.4 
106.4 

13.6 

21. 7 
500.0 

8 4- 0 0 
3333.3 

12.3 

181. 8 
10.8 

8. 9 
142.9 

24.8 
10.6 
29.2 
31. 8 
14.1 

71.4 
384.6 

10.6 
27. 0 
27.1 
29.4 

71. 9 
29.7 
12.3 
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Table 34: Adult longevities of CaZamoeaia Zuaasi in Lake Ototoa, 
mean longevities of the various adult groups, and 
population turnover times (T) calculated as 1/D. 
(- indicates that losses were negative, and thus no 
longevity could be calculated). 



Population turnover- time; 

The population turnover- time, which gives an 

indication of the aver-age duration of life of an 

in:iividual in the pop.ilation, may be calculatoo either> 

as the reciprocal of the finite death rate D (Heinle 

19 6 6) wher>e: 

er as the reci!X'ocal of the finite birth rate B (Cummins 

et al 1969). These value~ fer the Ototoa population ar-e 

sham in table 34 while the yearly average and those 

from Lakes Rotorua and Rotoiti (Olapman 1972) are 

shovm in table 42 . Ther-e is little seasonal irem. 

al though the turnover- times tern. to be higher- in winter- an::i 

a little lower in spring when loss rates were higher. 

The values from Ototoa are sanewhat gt"eater> than those 

of the rrore !X'o::iuctive Lakes Rotorua and Rotoiti. M 

estimate of the population turnover- rate, i.e. the number> 

of times the population stock was replace:i in the year,· 

caI). be ma1e by dividing the total annual egg pro::luction ., 
by the mean population size . The f igtre of 8. 2 so obtainoo 

is considerably lower> than values of 22. 7 in lake Rotcrua 

and 18.3 in Lake Rotoiti (Olaprnan loc. cit.). 
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3. !reduction: 

Preduction may be defined as "the increase in 

bicmass which occurs in a given peried of time, 

whether er not all of it survives to the errl of that 

peried" (Mann 1969l an:i in a population, increase in 

bianass is a result of gi:,owth by the in::iividuals of 

different ages making up the population. At any one 

time each of the constituent age gi:,oups will have a 

chariacteristic absolute daily gpowth rate and 

numerical abun::lance, an:i in calculating pr-eduction such 

differences in gpowth rate an:i numbers with age must be 

taken into account. This may be done by gpaphical 

metheds of computation (Winber-g 1971). In this study 

the mean preduction of Cak:onoeaia Zuawi far' each month 

was determined by the graphical metho:i of Winberg, 

Pechen and Shushkina (1965), in which changes in absolute 

daily growth increment arrl numbers with age ar'e gr>aphed and 

the pro:iuction then fcun::l by multiplication of these cur,ves. 

As an example, the CL.Ir'ves used far' calculating prcxi uction 

in July ar'e shown in fig. 33 . 

To obtain the survival cwve of individuals (N/D) 

the monthly mean numbers of each stage were divided by the 

mean development time in that month (fig. 20 ) to 

give the average nwnber of individuals present in each 

day of their life; an:i these :[X>ints were plotted in the 

centre point of the development time of that stage. 
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Fig. 33: The series of curves used in calculating 

the production of CaZamoeaia Zuaasi in 

Lake Ototoa in July. 

W = daily individual growth curve. 

~W = daily absolute weight increment. 

N1n = survivorship curve (number of the 

different age classes in the 

population). 

P = daily production of the different 

age classes. 
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Using the data IX'esentoo in fig. 23, the weight of each stage 

on each sampling date was estimatoo, am. these f ig\res wer,e then usoo 

to calculate a mean monthly weight f cr each stageo This mean weight 

was then plottoo in the middle point of the stage's d~velopment time, ,'r 

an::i the points j oinoo to give the daily gric:wth curve (W) fran which 

a. curve shaving the daily weight inct'ement of in:iividuals of 

dif fer-ent ages ( I),.. W /D) was obtainoo . This curve of daily weight 

inct'ements was then multiplioo by the survival c\Jr've to give the 

daily pr:-aiuction curve ( P) . The daily pr'aiuctian curve was plotte::l 

an millimeter- gr'aph paper, but it was fourxi mere convenient to plot 

the sUl:'vival, gr,CMth an::i weight increment curves an semi-logaritl'mic 

gr,aph paper- • The total pr'aiuction of all the irrmatlre individuals 

in the population, and of the various gr'CMth stages separ,ately, was 

then fourxi by integriating the area un:ier the whole i;ro:luctian curve, 

er the respective par,ts of it, with a planimeter. To this mean daily 

figure fer naupliari arx1 copepcxiite i;ro:luctian was add«! the monthly 

mean daily pr'aiuction of eggs by the adults Cl~ e) : 

where 

'e = fl. we 

R = aver-age monthly egg hatching rate 

w = average monthly egg weight e 
an:i the total monthly i;raiuction was fa..irxi by multiplying the total 

daily i;ro:iuction of all stages by the number- of days in the month. 
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"' This pr-oce::lure is slightly different fran that describoo by Winberg 
et al ( 19 65) who use initial an:i final weights of a stage rather than the 
mean weight an:i intro:iuces a slight erTcr • As gr,CMth is pariabolic the 
mean weight 1of a stage deiftermin«i from a randan sample of :i.n:iividuals 
will in reality be applicable to an age a little grieater than at the 
mid-point of the stage's development time, an:i thus should mare 
accurately be plotted at this later, time. HcwevE!I:", the errcr is i;robably 
not gr'eat since the mean weights of each· in:iividual copepcx:lite stage 
wer-e used in the present study rathet" than those of the genE!l:"al categcries 
of naq>lii 1 copepcxiites, an:i adults that WinbE!l:"g et al usoo, 



Total pr>o::luction fer each month calculate:i in this 

way is shown in fig. 34 and table 35 , wher-e the 

average m::,nthly population biomass ( calculate:i by 

multiplying the mean monthly weight of a stage by its 

monthly mean numbers), daily, monthly and yearly P/B 

ratios, and biomass twnover- times (B/P) are also 

presented • Sane figures for the production of 

C. Z.uaca i in Lake Rotcrua have been calculate:i by 

Chapman (pers. canrn.) and are given in table 36 

for comparison with the Ototoa values. Monthly 

prod u::tion, bianass and P/B ratios for the various 

developmental stages in Lake Ototoa ar,e given in 

table 37 , and in table 38 comparative figures 

for Lake Rotarua ar,e shevm • Fig. 34 shows the 

monthly production of each stage in Lake Ototoa as a 

percentage of the total pr-eduction, and biomass tllr'nover 

times for the developmental stages in Lakes Ototoa and 

Rotoiti ar,e pr-esented in tables 39 and 40 

respectively. 

(a) Total P.t'o::luction:- Total pra:luction showe:i a clear 

seasonal trerrl with low, but slightly increasing values , 

from June to November, followed by lar,ge increases during 

the swrmer (fig. 34 table 35 ) . Maximum monthly 

pria:luction was in March 1969 but during the autumn pra:luction 

fell away rapidly to the June minimun. The pericrl of rather 

low constant pr-a:1 uction in the winter- and spring ironths was 
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Fig. 34: Total monthly production of organic matter 

by the population of CaZamoeaia Zuaasi in 

Lake Ototoa, and the% of the total pro­

duced by each development stage throughout 

the sampling period. Annual mean values 

are shown by horizontal lines. 
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MEAN P/B RATIOS B/P 
PRODUCTION BIOMASS 

Month ),lg/day ~/month )1g daily monthly days 

March 376.6 11675 7634 0.049 1.53 20.4 
Aµ'il 293.5 8805 7144 0.041 1.23 24.4 
May 200.8 6225 6150 0.033 1.01 30.3 
June 84 .8 2544 5983 0.014 0.43 71.4 

July 110.5 3426 7994 0.014 0.43 71.4 

Aug,ust 105.8 3280 7267 0.015 0.45 66.7 

September- 113.6 3408 5816 0.020 0.59 50.0 

October 130. 2 4036 6423 0.020 0.63 50.0 

November 118.9 3567 4678 0.025 0.76 40.0 

December 218.5 6774 5880 0.037 1.15 27.0 

January 327.5 10153 6664 0.049 1.52 20.4 

February 384.7 10772 8016 0.048 1.34 20.8 

TOTAL 74665 

MEANS 205.5 6222 6637 0.030 0.92 41.1 

Yearly P/B = 74665 = 6637 
11.25 

Table 35 Average monthly pro:iuction,biomass, P/B ratios 

an::i turmoveri time of the biomass (B/P) of the 

total population of Cal,amoeaia iuaas i in 

Lake Ototoa. 
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associated with developmental gr-cups 4 - 6, while the peric:xi 

of greater pr-o:iuction dut"ing the summer arrl autumn was 

associate:::l. with gr-cups 7, 8 , 1, 2 and 3. Total bianass 

was highest in autumn arrl midwinter with lower values in early 

winter and spr-ing, but on the whole bianass did not vary 

greatly. The P/B ratios showe:::l. seasonal trerrls similar 

to those of pr-c:xiuction, being low in winter arrl inet"easing 

to higher values in summer am autumn. 

P/B ratios indicate the efficiency with which organic 

matter is pr-ad uce:::l. by the population an::l can be consider,e:::l. 

a specific gr,owth rate with the dimensions Bl!l• Bl!l-l. 

day-l if the daily P/B is used~ Thus the trend in the P/B 

ratios indicates that the specific gr,owth rate of the 

population increased gr-a:i ually from winter, to Surnrnet" and 

deet"eased again in the aut\.Jl\Tl, Specific growth rate 

might be expected to be dependant on temper,at 1.re and food 

availability, an::l there is a significant positive 
. 

cor;,relation between daily P /B and mean monthly temperature 
in'o'r 

(fig. 35) ;Cr= 0,904 10 df). The relationship between 

P/B and ingestible phytoplankton is less clear however, 

but it can be seen from fig. 35 that while increases in 

monthly mean phytoplankton number's gave no apparent 

incr-ease in daily P /B in m::mths when the temper-ature was 

belcw about 15°c, in IIOnths when temperature was higher 

than this ther,e was an apparent positive relationship. 

The results thus indicate that whilst above l5°C specific 
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Fig. 35: The relationship between monthly P/B 

ratios of CaZamoeaia Zuaasi in Lake 

Ototoa, mean monthly temperatures and 

mean monthly numbers of ingestible 

phytoplankton. In the upper panel a 

fitted regression line is shown, and 

in the lower panel the two lines shown 

have been included to guide the eye to 

possible relationships. 
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gr,c:wth rate appears to be inflt.Enced both by ternperatwe 

and f ocxi levels, belo;,1 15°c gr,owth rate is influence::l. by 

temperatwe alone. Tnis may mean that below ca 15°c the 

relationship between feeding rate, assimilation efficiency 

an::i the various components of the metabolic rate are such 

that the animals are unable to utilise incr-eased food 

levels in the environment to produce rrore organic matter. 

It wruld clearly be of interest to investigate these 

relationships in more detail, by considering the production 

in smaller time intervals than the monthly ones used her-e 

in conjunction with studies on feeding an:i metabolic rates. 

The mean turnover time of the biomass of the total 

population was 41.1 days if the monthly turnover times are 

averaged (table 35 ) or 33. 3 days if the reciprocal of the 

yearly mean daily P/B is used. It thus appeat's that on the 

average the biomass is replaced in a little over a month 

(although in midwinter the time is ca 2 months and in summer 

ca O. 6 months) an:l this is in acco rel with the yearly P /B 

'·r(atio of 11.25 (table 35 ). 

Production and biomass wer-e much higher in Lake Rotarua 

than in Lake Ototoa in the Rummer> (table 36 ) although 

d wing June the values were more similar. The most 

interesting feature of this data however is the close 

carirespondance between the P /B ratios an:i bianass tl.lt"nover 

times in two lakes. This is rather surprising since Lake 

Rotarua is considerably marie eutrophic than Lake Ototoa, 
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Ju.'l.e 

Oct o 

Nov. 

Dec. 

Jan. 

MEA}J 

PRODUCTION BIOMASS P/B RATIOS TTJP.i'.JOVER TIME 

ff,lday 

0 R 

8408 89.6 

130.2 16909 

118.9 248.0 

218 .5 345.5 

327.5 724.0 

176.0 315.0 

Table 36 

OF BIOMASS (B/P) 

~/month }Jf, Daily Monthly 

0 R 0 R 0 R 0 R 0 

2544 2688 5983 6829 Oo0l4 00013 0.43 Oo39 71.4 

4036 5267 6423 6413 0.020 0.026 0.63 0.82 so.a 

3567 7440 4678 9474 0.025 0.026 0.76 0.79 40.0 

6774 10711 5880 9131 0.037 0.038 1.15 1.17 27.0 

10153 22444 6664 14792 0.049 0.049 1.52 1.52 20.4 

5415 9710 5926 9328 0.029 0.030 0.90 0.94 41.8 

A comparison of production, bianass, P/B ratios an::1 biomass turnover times 

of the total populations of caiamoeaia 1,uaro i in Lakes Ototoa (0) an::l 

Rotorua (R). The Rotorua data is fer 1968 an::1 is from Chaµnan (pers. cornrno) 

Days 

R 

76.9 

38.5 

38.5 

26.3 

20.4 

40.1 

~ 
-...J 
w 



and it is usually stated that P /B ratios tend to be 

higher in lakes of higher 'trophic status (eog. 

Shuskina 1966). The close similarity between the P/B 

ratios may suggest that factors affecting the total 

arnomt of organic matter prcrluce:l by the populations 

are sirnilar in both lakes . 

(b) Prcrluction in the Developmental Stages:- the 

seasonal pattern of changes in pr-cxiuction and biomass of 

the nauplii ( table 37 ) were rather different from 

those in the rest of the population. Naupliar production 

incr'ease::i gr'adually from the seasonal minimun in Apt'il to 

the maximum in Septer ber-, then deCl'."'ease:l an::l remaine:l 

rather constant from October to Marich. Biomass increase::i 

slowly to a maximum in September and October and then 

gradually declined again dut'ing the spring and summer. 

In all the copepcx:li te stages there were large sunmer 

incr-eases in production, associate::i with gpoups 7 an::l 8, 

between November am March 19 70 and rapid declines between 

March and 11ay 19 69 . However , between July and September, 

along with the development of gr'Oups 4 and 5, prcrluction 

incr-ease::i, leading to incr-eases in bianass in these months 

and also to the higher female weights note::i above (p 1 O 7 ) . 

During Sept~er and October, the months when group 6 

was develop1/lg, here were declines in the production of 

copepodi tes II - rJ associate::! with dect'eases in biomass. 

Group 6 suffered gr'eater relative mortality than the gr'Oups 
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MARO! AF.tUL HAY J1JlrE JULY AuGUST SEP"i.'. OCT. HOV. DEC. JAN. FEB. MF.AN 
p 12.5 3.0 8.5 10.0 9.8 11.5 15.8 s.o 10.0 9 .5 9.5 10.5 10.0 

NAUPLII % 3.2 1.0 4.2 11.5 8.7 10.4 13 .o 6.5 7.9 4.2 2.9 2.7 6.4 
B 190 169 308 282 367 383 416 406 354 293 216 171 296 

P/B 0.066 0.018 0.028 0.035 0.027 0.030 0.038 0.022 0.028 0.032 0.044 0.061 0.036 
p 12.5 2.3 4.5 5.3 4.5 4.3 5 .8 5.0 7.5 19c0 22.5 17.0 9.3 

CI % 3.2 0.8 2 .2 7.2 4.0 3.9 4.8 3.6 5.9 8.4 6.8 4.4 4.6 
B 150 55 121 169 144 140 136 185 170 196 199 155 148 

P/B 0.083 0.042 0.037 0.037 0 .. 031 0.031 0.043 0.027 0.044 0.097 0.113 0.110 0.058 

p 20.0 3.5 2.5 8.0 7.5 6.8 308 6.0 12 .5 35.0 60.0 50.5 18.0 
% 5.1 1.2 1.2 9.2 6.7 6.1 3.1 4.3 9.9 15 .4 18.0 13.0 7.8 

CII B 414 107 79 199 223 177 72 98 166 236 274 223 189 
P/B 0.048 0.033 0.032 0.040 0.034 0.038 0.053 0.061 0.075 0.148 0.219 0.226 0.084 

p 30.0 13.8 3.5 10.0 9 .8 8.3 4.0 4.0 12.0, 36.c5 59.0 57.5 20.7 
CIII % 7.6 4.8 1.7 11.5 8.7 7.5 3.3 2.9 9 .5 16.1 17.7 14.8 8.8 

B 416 245 69 249 308 220 113 52 207 450 540 509 282 
FIB 0.072 0.056 0.051 0.040 0.032 0.038 0.035 0.077 0.058 0.081 0.109 0.113 0.064 

p 58.8 38.8 12.0 8.0 17.8 15.8 10.5 3.5 9.0 26.7 41.0 60.5 25.2 
CIV % 15.0 13.5 5.9 9.2 15.8 14.2 8 .6 2.5 7.1 11.8 12.3 15.6 11.0 

B 759 692 236 198 501 351 221 80 176 484 627 865 433 
P/B 0.078 0.056 0.051 0.040 0.036 0.045 0.048 0.044 0.051 0.055 0.065 0.010 0.053 

P 240.0 206.3 149.0 33.0 50.8 52.5 62.0 66.5 29.0 79.0 106.0 149 .5 102.0 
CT % 61.1 71.8 73.5 37.8 45.2 47.3 51.0 47.8 22.9 34.8 31.9 38.5 47.0 

B 1466 1621 1077 406 1017 1114 746 448 231 673 890 1405 925 
P/B 0.164 0.127 0.138 0.081 0.050 0.047 0.083 0.148 0.126 O.ll7 0.119 0.106 0.109 

p 19.1 19. 7 22.8 12 .o 12.3 11.8 19 .6 45.2 46.9 21.0 34.5 42.7 25.6 
AOOLTS % 4.9 6_.9 11.2 13.7 10.9 10.6 16.l 32.5 37.0 9.3 10.4 11.0 14.5 

B 4201 4204 4187 44-29 5368 4-821 4039 5013 3253 3509 3861 4620 4292 
P/B 0.005 0.005 0.005 0.003 0.002 0.002 0.005 0.009 0.013 0.006 0.009 0.009 0.006 

Table 37 : Mean daily pr-cx:luctian (P),, daily pr:-cxiuctian as a percentage of total daily pr:-cx:ltctian (%) 
average bianass (B) am. daily P /B ratios far the var.:..ous grarth stages of Ca'Zamoecia 7.uca:J i I--' 

....:I 

in lake Ototoa.. Frcrluction and bianass are state:i in fg per> stan:lard sample • en 



pr-ece:l.ing it ( table 3 3 ) arrl this may ha-ve been the 

cause of the lowere:l. repr-ai uction . In CJ howeveri 

prai uction inc:rease:l. in September arrl October , and these 

increases were followe:l. by the main perio:1 of a::iult 

pro:iuction d wing October arrl November. Pr-o:iuction by 

the a::iults inc:rease:l. again in the summer, but dllr'ing the 

rest of the sampling per-io:1 was much lower. 

Except dtring November- when a::iult prcrluction was 

at a maximun, by fat' the gr-eater pat't of the total 

pro:iuction oco.irre:l. in copepcxiite V (fig. 34 ) , the 

year'ly average being 4 7 .0% ranging between 22. 9% arrl 

73 .5% of the total (table 37 ) • It is possible that the 

sudden increase in production between CIV and CJ was 

due to the rapid deposition of gona::ial material in 

0J, which was then utilise:l. f cr egg pro:1 uction in the 

~ult. The way in which the main per-io:1 of a::iult 

pr-eduction followe:l. increases in CJ pr-eduction between 

Septembet' and October may be an example of such 

utilisation of previously laid down biomass. 

The year:-ly averiage percentage of the total praiuction 

contribute:l. by each stage increase:l. between CI and CJ 

(table 37 ) arrl the proportion pro:iuce:l. by CI, II, III 

arrl IV was gr,eateri between June and August, and November 

arrl Mar'ch, than between April-May and September-October 

(fig. 34 ) although the seasonal variation was not 

gr,eat. In contrast the pet".Centage of the total pro:iuction 

oco..irring in the nauplius was gr,eatest in winter ar.rl spr-ing 
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arrl lower in summer and autumn. 

P/8 ratios of the nauplii and CI - IV followed the 

same seasonal tren::ls as P/B of the total population, being 

lower> in winter and increasing to higher values in 

summer> and autumn. In 0/ and the a::l.ults there was also a 

decline to lower values between March and August and an 

increase in September and October> , but during the summer 

daily P/B dropped slightly. Daily P/B ratios were 

highest in CV reflecting the rapid gpowth rate in this 

stage and ver>y low in the a::l.ults because of the low rate 

of egg pr-eduction. It is also interesting to note that the 

mean P /B of CII was higher than either those of nauplii and 

CI or CIII and CIV, although it is not clear far> what 

reason. 

Table 38 shows that in Lake Rotorua the i;rcrl uction 

of the individual stages was also higher in summer>, and 

emphasises the much higher summer biomasses in Rotarua. 

In Lake RotClr'ua CV contributed a smaller per-centage of the 

pr-crluction than in Lake Ototoa, but the a::l.ults more, arrl 

this is also shown in the P/B ratios - the a::lult ratios 

far ir:stance, being gpeater> in Rotorua than in Ototoa. 

The P /B ratios in CI - IV were mar>e comparable in the 

two lakes , but the naupliar P /B was m u:h lower> in Lake 

Rotorua. This was because naupli<F biomass , but not 

pr-eduction, was much higher in Lake Rotorua and it is 

ix,ssible that because of the gpeat pr-eduction of eggs by the 
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JUNE OCTOBER NOVEMBER DECEMBER JANUARY MEANS 

0 R 0 R 0 R 0 R 0 R 0 R 

p 10.0 lj,lj 9.0 12.3 10.0 10.6 9,5 21. 3 9,5 32.5 9,6 16.2 

' 11.5 11. 8 6.5 8 .11 7.9 11, 2 11, 2 6,0 2.9 11.11 6.6 5.6 NAUPLII B 282 9112 1106 2158 3511 111117 293 15117 216 1787 310 1576 
P/B 0.035 0.005 0.022 0,006 0.028 0,007 0.032 ·0.0111 0 .01111 0,018 0. 032 0.010 

p 6,3 lj,lj 5.0 5,3 7.5 3.1 19.0 11. 3 22 .5 31.3 12.1 11.1 

' 7. 2 11, 8 3.6 3.6 5,9 1.2 8 .11 3.2 6.8 11. 2 6 .11 3 .11 
C I B 169 135 185 113 170 59 196 203 199 11113 1811 191 

P/B 0.037 0.033 0.027 0.0117 0. 01111 0,053 0.097 0,056 0.113 0,071 0,0611 0.052 

p 8.0 10.1 6.0 12,8 12.5 8.8 35.0 18.8 60.0 62.5 211. 3 22.6 

' 9.2 10.9 11. 3 8.7 9.9 3.5 15.11 5.3 18.0 8 .11 11.11 7 .11 
C II B 199 2011 98 211 166 77 236 289 2711 509 195 258 

P/B 0.0110 0.050 0.061 0.060 0.075 0.1111 0.1118 0.065 0.219 0.123 0.109 0,082 

p 10.0 10.5 11.0 12.5 12.0 3.5 36.5 33.8 59. 0 62.5 211. 3 211. 6 

' 11. 5 11.11 2.9 8.5 9.5 1.11 16.1 9.6 17.7 8. lj 11.5 7.9 
C III B 2119 323 52 303 207 117 IJ50 277 5110 6711 300 325 

P/B 0.0110 0.033 0 .077 0 .0111 0.058 0,0711 0.081 0.122 0.109 0,093 0.073 0,073 

p 8,0 11.6 3.5 15.0 9.0 16.3 26.7 18.1 111. 0 60.0 17.6 211. 2 

' 9.2 12.5 2.5 10.2 7.1 6 .11 11.8 5.1 12.3 8.1 8.6 8.5 
C IV B 198 1128 80 1180 176 323 11811 296 627 790 313 1163 

P/B 0.0110 0.027 0. 01111 0.031 0.051 0.050 0,055 0.061 0.065 0.076 0.051 0. 0119 

p 33.0 22. 11 66.5 17 .11 29.0 66,9 79.0 29 .11 106.0 2 35. 0 62.7 711. 2 

' 37.8 211. 2 117. 8 11. 9 22.9 26.3 311. 8 8.3 31.9 31.8 35.0 20.5 
C V B 1106 5110 11118 866 231 833 673 363 890 1835 5118 887 

P/B 0.081 0.0111 0 .1118 0.020 0.126 0.080 0.117 0.081 0 .119 0.128 0.118 0.070 

p 12.0 29.1 115. 2 71.2 116. 9 1115.0 21. 0 220.5 311. 5 256,0 31. 9 11111 .11 

' 13.7 31.5 32.5 118. 6 37,0 57.0 9.3 62. 11 10.11 311. 6 20.6 116. 8 
ADULTS B 111129 11103 5013 1975 3253 6213 3509 5595 3861 82110 11013 5225 

P/B 0.003 0.007 0.009 0.035 0.013 0.023 0.006 0.039 0,009 0.031 0,008 0.027 

Table 38: A comparison of daily production CP), daily production as a\ of total daily 

production Cl), average biomass CB) and daily P/B ratios for the various growth 

stages of Calamoeoia luoasi in Lakes Ototoa CO) and Rotorua CR). The data for 

Rotorua refer to 1968 and are from Chapman Cpers.comm.). Production and biomass 

are stated in yg per standard sample. 



Month 

March 

Apt'il 

May 

June 

July 

August 

September-

October 

November 

December 

January 

Felruary 

MEAN 

N CI CII CIII CIV ()J 

15.2 12 .o 20.8 13.9 12.8 6.1 

55.6 2 3.8 30.3 17.9 17.9 7.9 

35. 7 27 .o 31.3 19. 6 19 .6 7.2 

28.6 27.0 25.0 25.0 25.0 12.3 

37.0 32.3 29.4 31.3 2 7 .8 20.0 

33.3 32. 3 26.3 26.3 22.2 21.3 

26.3 23.3 18.9 28.6 20.8 12 .o 
45.5 37.0 16.4 13.0 22. 7 6.8 

35. 7 22.7 13.3 17.2 19.6 7.9 

31.3 10.3 6.8 12.3 18.2 8.5 

22.7 8.8 4.6 9.2 15 .4 8.4 

16.4 9.1 4.4 8.8 14.3 9.4 

31.9 22.1 19.0 18.6 19.7 10. 7 

TablE: 3 9 : 'I\rnover' times (B/P) of the biomass in the 

developmental stages of Ca"/,amoeaia Zuacs i 
from Lake Ototoa 
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Af) 

200.0 

200.0 

200.0 

333.3 

500.0 

500.0 

200.0 

111.1 

76.9 

166.7 

111.1 

111.l 

225.9 



June 

Oct. 

Nov. 

Dec. 

Jan. 

MEAN 

N CI CII CIII CIV CV 

0 R 0 R 0 R 0 R 0 R 0 R 

28.6 200.0 27 .o 30.3 25.0 20.0 25.0 30.3 25.0 37.0. 12 .3 24.4 

45.5 166.7 37.0 21.3 16.4 16.7 13.0 24.4 22.7 32.3 6.8 50.0 

35. 7 142.9 22.7 18.9 13.3 8 .8 17.2 13.5 19.6 20.0 7.9 12.5 

31.3 71.4 10.3 17.9 6.8 15.4 12.3 8.2 18.2 16.4 8.5 12.3 

22.7 55.6 8 .8 14.1 4.6 8.1 9.2 10.8 15.4 13.2 8.4 7.8 

32.8 127 .3 21.2 20.5 13.2 13.8 15.3 17.4 20.2 23.8 8 .0 21.4 

Table 40 : A cx:rnparison of tur-novet' times (B/P) of the bianass of the various 

develoµnent stages of CaZ.amoecia 1,ucca i in lakes Ototoa( 0) and 

Rotorua (R). Tne data fran lake RotClr'ua are fer 1968 and are 

fran Chapman (pers .canm..) 

NJ 

0 

333.3 

111.1 

76.9 

166.7 

111.1 

159.8 

R 

142.9 

28.6 

43.5 

25.6 

32.3 

54.6 

I-' 
(X) 

0 



Rotarua aj,ults, competition fat" fOOJ. in the resulting large 

naupliar population may have been more intense than in lake 

Ototoa, thus alla-1ing proportionately less production. 
;: 

Turnover times of the bianass (table 39 ) , which give 

an estimate of the time necessary far a partiailar stage 

to produced' material eq, ui valent to its mean biomass, were 

gr-eatest in the colder months as might be expected. The 

yearly mean times for CI - CIV were rather similar, an::l 

higher than for CJ , while the naupliar- times were higher 

an:l the vali.es far the adults very much lar-ger. The 

turnover times for the Rotorua population (table 4-0 ) 

were not gr-eatly different from those in Ototoa although 

there was perhaps a slight tendency far them to be higher, 

possibly as a result of lower temperatut"es in the lar'ger 

lake. 

(c) Cgnparison with other areas:- Most of the few 

stuiies in which the pro:iuction of copepcxis has been 

calculated have been made on Narth Ellr'opean arrl Nc:rth 

kner ican, lakes , ~ apar't from the date from Lake 

Rotorua inclu:ied· above there is no published information 

on zooplankton in Australian an::l New Zealarrl lakes with 

which to compare the Ototoa data. 

In table 41 the p:'cxiuction, biomass an:l P/B ratios 

of Cal.amoeaia Z.uaCB i in lake Ototoa are compared with 

similar valtes obtained. fer some Ncrthern Hemisphere 

freshwater calanoids and also with values from some of the 

mare recent sttdies of marine calanoids. As well, results 

from Bur gis' study of the tropical cyclopoid , :1h ermoaya Z.ops 
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REFERENCE SPECIES ARFA & PERIOD PRODUCTION 

This stu:ty. CaZamoecia tuaCBi Lake Ototoa, year 2 2.37 g/m Total 
1969-70. March- .in ~65 days 0.132 
March. g/m Total in 

365 days. 

Bur gis ( 19 71) Th ermoaya Zor;:e Lake Geat"ge, 3 0.103gC/m /day 
hyaUnw Ugan:ia. Tufmac 

Bay. Apr-il 1970. 

OJmmins et al Diaptomus Sanctuary lake l.012g/m3 Total 
(1969) sicitoide3 Pennsylvania. in 191 days 

May-Nov. 1966 

June-Nov. 1967 3 6.291 g/m Total 
in 167 days. 

Hillbricht- Eudiaptomw Lake Mikolajskie 3 8 . 65 g/m Total 
Ilka.-raka & graci Zoides July-Aug. 1964 in 40 days. 
Weglenska 
(1970). 

Hillbricht- Eudiaptomus Lake Mikolajskie (E) 21.0 g/m~ 
IlkCMska, gracitoides and lake Talt- 17.0 g/m 
Gliwicz & CMisko (M) 
Spo:iniewska Annual 
(1966). 

Table 41: (continued next page) 

P/B GRO.vING 
BICMASS DAILY MONTHLY SF.ASON 

0.211 g/m 2 

3 0.030 
0.012 g/m 

3 0.416 gC/m I 0.25 
day 

0.146 g/m 3 0.036 
(my calc. fran 
f ig.12 & tab. 6) 

0.217 g/m 3 0.174 
(my calc.) 

2.01 g/m3 0.108 

0.92 

0.99 

4.83 

0.5-4.5 
0.5-2.5 

11.25 

6 .93 

29.0 

18 
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P/B 
REFERENCE SPECIES AREA & PERIOD PRODUCTIOH BIOMASS 

DAILY MONTI-ILY GROWING 
Hilll:r icht- Eudiaptorme Lake Mikolajskie(E) SEASON 
Ilk~ska & Weg- (!l'aai Zoides 1963 (May-Oct) 25o0 g/m2 Total 3.0 g/m2 0.046 1.39 8.33 
lenska (1970) 1964 180 days 70o7 II 7.9 II o.oso 1.49 8.95 

Lake Taltow:Lsko(M) 
1963 (May-Oct) 16.l II 1.5 II 00060 1.79 10o7 

1964 180 days 28.2 II 3.7 II 00042 1.27 7.6 

Patalas (1970) Eudiaptomw Lake Lichenskie 0 .025g/m2 /day 0.180g/m 2 0.14 
(fl'aai Zoides (heate::i) July-

August 19g6. 
T=26-28.5 C 2 2 Lake Mikat"zynskie O. 226g/m /day 1. 71g/m 0.13 
(unheatErl) July-
&lgUJSt ~966. 
T=21-22 C. 

Petrovich et al Diaptomw sp Lake Ncroch 1960 5. 86g/m3 Apt'il- 0.62g/m3 00045 1.35 9.4 
(1961) May-September' Nov . = 210 days 

obs. data 3 Apt'il-May am. 4.63 g/m May - 0.49 II 0.080 2.37 9.45 
Sept . - Nov .data Sept.= 120 days 
extrapolated 

Shuskina (1966) DiaptomidJ 28 Byelorussian & Mean g/m 3 /month g/m 3 
Kerelian Lakes 
a) Eutrophic ( 11) 5.4 1.1 0.16 4.7 
b) Mesotr. ( 10) 1.1 0.4 0.098 2.9 
c) Oligotr.( 7) 0.3 0.2 0.067 2.0 

Table 41: (continued next page) 1-1 
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P/B 
GRCMING 

REFERFNCE SPECIES AREA & PERIOD PRODUCTION BIOMASS DAILY M0N1HLY SFAS0N 

Winberg et al Eudiaptomw lake Bator:in(E) 3 3 0.064 4.Bg/m Total 0. Sg/m L92 9.6 
(1965) graa7,oides May-Oct. 1962 in 150 ~ys 

Lake Myastro (M-E) 8 .2 g/m otal 1.0 0.055 1.64 8.2 
May-Oct. 1962 in 150 ~ys 
lake Uaroch (M) 3.8 g/m otal o.s 0.050 1.52 7.6 
May-Oct. 1960 in 150 days 

Weglenska ( 19 71) Eudiaptomw lake Mik.olajskie(E) 3 14.70 g/m Total 3 .76 g/m3 0.098 2.81 
graai 7,oides July-Aug. ( 40 days) in 40 days 

1964. 

Gr-eze & Baldina Aoartia c1,ausi Black Sea 3 0.067 g/m Total 0.00Slg/m 3 0.035 13.0 
(1964) 

" 
1960-61 in 365 da~s 3 

Centropages kyoyeri 0.014 g/m Total .0.0012g/m 0.077 11.5 
in 150 days 

Gt°'eze ( 1970) Paraca7.anw parvw 
3 0.0002g/m /day 0.0014g/m 3 0.09 

RI eudoca 7-anus 0.0003 II 0.0023 II 

e7,ongatw 

Centropages Black Sea in summer 0.00001 II Q.QQ0l3 II 0.09 
ponticw 

Acartia a 7,aie i 0.00018 II 0.00146 II 0.12 

Oithona s imiUa 0.00001 II 0.00007 II o.oa 
Oithona minuta 0.00012 II 0.00050 II 0.11 

3 3 
; 

Heinle (1966) Acartia tons a Patuxent R. Estuary 0.06 g/r.i. /day 0.1275g/m 0.50 
July-Sept.1964 
Mean T = 25.s0 c. 

Table 41: (continued next page) ..... 
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REFERENCE SPECIES ARfA & PERIOD 

Winberg (1970) Diaptomzs s p Lake Cha::1 
(26° lat) 

Yablonskaya Diaptomus saUnzs Pir'al Sea 
(1962) S:i;r ing, sunrner 

& aut1JI111; 1954, 
56, arrl 57. 

PRODUCTION 

2 
4.6 g/m 

BIOMASS 

3.5 g/m3 
wet wt. 

1.8 g/m2 

P/B 
GROWING 

DAILY MONrHLY SF.ASON 

0.007 2.5 

Table 41: A comparison of Production, Biomass and P/B ratios of various copepod populations. 
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hyal.ims ar-e include:i. 

Except for the 1966 val'l.2s in Cunmin~ et al (1969) 

stu:iy of Di.aptorme a ici toides an::l those from Greze' s 

stu:iies on Black Sea copepods, pro:luction and bianass of 

c. tuaasi were very much lower than f0r' any of the other 

copepa:ls listErl. The mean daily P/B values were also 

lower than all other val 'l.2S except that of Di.aptomU3 

s atims (Yablonskaya 1962) which is too low however 

because egg produ:rtion and the winter gr'owth of the adults 

were not inclu:le:i (Winberg 1971). The contrast between 

the low Ototoa P/B values an:l the higher Ewopean ones is 

emphasised when the Ototoa data ar-e compar-e:i with those of 

Shusikina ( 1966) who gives an e::i,uation relating the 

pro::l uction to the biomass of Diaptomids in several 

Byelorussian an:l Kar-elian,. lakes , which has the f0r'm: 

P = 0.39 a1 • 3 * 

where: P = pro::luction per l!Dnth 

B = mean monthly bianass 

If C. tuaas i f i tte:i this relationship then the expectErl 

pro::l uction by the mean monthly biomass in Lake Ototoa of 

6637 
1
µg (table 35 ) would be 36,280 ,iglmonth which is 

obviously very much higher than the observErl mean monthly 

pro::luction of 6222 1,ug (table 35 ) • However, because the 

gr-owing season encanpasses the whole year' in Lake Ototoa, 

in contrast to the 6-7 month season in many of the n0r'thern 

lakes, the P/B value far the ent:ir,e gr-owing season in Ototoa 

This appears to be the ccrrect fcrm of the equation. 

In her paper Shusk~a gives it in the fcrm P= 3 • 9B10 3 but ,---, 
this does not seem to fit the data f('esentErl • 
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CONCLLOING DISCUSSICN 

Lake Ototoa appear-s to be much mare oligotrophic than 

the larger- lakes in the central North Island, and it is 

ther-efare not surprising that ther-e are contrasts between 

the population of Catamoecia iucasi it supports and those 

in lakes Rotat"ua and Rotoi ti ( Chapman 19 72) . Many of these 

have been noted above, but fer convenience a canparison of 

some relevant population parameter-s of c. l,ucas i in these 

three lakes is given in table 42 . Lake Ototoa contains 

a small stable population while those in lakes Rotcrua and 

Rotoiti are lar'ger and subject to gr-eater absolute, as 

well as proportional changes. Not only ar'e total population 

numbers , bianass and the l:reeding population lower- and mere 

constant in Ototoa, but a~~o b:irth and death rates. As 

well, mean irx:lividual tl.lt'nover- times ar'e longer' and the 

population tl.rnover- rate lower-. Ha.-rever-, even though 

irrlividuals live on the aver-age longer- in Ototoa. c. iucas i 

in both Ototoa and Rotarua showed v:irtually the same P /B 

ratios, and ther-efcre specific gr-owth rates arrl biomass 

turnover- times . Thus even though the population in Lake 

Rotcrua has been able to produce a much lar'geri biomass, 

the amomt of production necessary to maintain this level 

appears to be relatively the same as in the less 

productive Ototoa population. As noted above this may 

suggest that in all the populations the production of 

crganic matteri is limi te:l in the same way, although this 

cannot be stated with cer-tainty until the full yearly data 

far Rotcrua and Rotoiti become available. 
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PARAMETER 

Mean 
Te.rnperatlll:'e c0 c) 

Mean population 
size (N) 

Mean Bianass 
Cp.g) 

Mean Percenta~ 
of ovigerous ~ 

Mean number of 
ovigerous W 
Mean clutch 
size 

Mean egg 
stock (E) 

Total Annual 
Egg pt"o::luction ( P) 

Total Annual 
1.Dsses ( L) 

Total net pt"o::luction 
(P-L);as a percentage 
of P. 

Mean pt"cxi uction 
<yg/day) 

Mean b' 

Mean d' 

Mean B 

Mean r' 
(neglecting sign) 

Mean tlll:'nover time 
(days) . Calculated 
from mean d' 

Mean turnover '. 
time (from mean B) 

0T0T0A 

16.8 (24%) 

10163 (31%) 

19 ( 51%) 

355 ( 6 3 % ) 

1.85 (5%) 

664 ( 68%) 

83002 

82498 

0.6% 

-;': 
205 .5 (176.0 ) 

0.023 (61%) 

0.046 (72%) 

0.024 (7 0%) 

0.039 (78%) 

12.5 

41.7 

Rffi'0RUA 

14.7 (29%) 

18228 (50%) 

37 ( 38%) 

864 (109%) 

3. 33 ( 30%) 

3063 (113%) 

416664 

423296 

-1.6% 

-.,': 
(315.4) 

0.057 ( 101%) 

0.077 ( 89%) 

0.064 (100%) 

0.030 ( 79%) 

13.6 

15.6 

Table 42: Continued over page. 
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Rffi'0ITI 

13.8 (19%) 

25062 ( 39%) 

40 (29%) 

1545 (76%) 

lo97 ( 27%) 

3516 ( 89%) 

461217 

383638 

16.8% 

0.040 (88%) 

0.058 (58%) 

0.044 ( 98%) 

0.024 (83%) 

17.9 

22.7 
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PARAMETER 0TOT0A ROTORUA R0T0ITI 

Mean ttr'nover 
time of bianass (41.1). ;'r 
(days) (41.8") ( 40 .1 ) 

Population ttrnover-
rate (P/N) 8.2 22.7 18.3 

Yearly P/B 11.25 ( 10.84;':) 
t;,'( 

(12. 34 ) 

Mean daily P /B 
~~ 

ratio 0.030 (0.024) ( 0.030) 

Table 42 Annual means of certain parameters in Lakes Ototoa, 

Rotorua and Rotciti. Those of Ototoa 1969-1970 

(this study); Rotorua 1967-1969 and Rotoiti 

1968-1969 (Chapman 1972). Those values marked 

with an asterisk are for periods when comparable 

data from Ototoa and Rotorua are available only 
for periods of 5 months (June, October to 
January; see production section). 



Though there were considerable differences in p:"cxiuctive 

levels between the populations in Ototoa and Rotcrua, ther>e 

were nevertheless pronounced similarities between their 

population cycles, and on the whole bree::iing an::l developnent 

f ollowe::i the same general seasonal patterns in all three 

lakes. The larger southern lakes warme::i mere slowly than 

Ototoa an::l. were also characterise::i by lower temperatures 

( table 42 ) , so that events in them occurred about a 

month later , especially d l.lt' ing the per io::i of warming in 

spriing. However, there was a clear pattern in all the 

lakes of lower winter populations, a spring outbtrst of 

bree:l.ing, which occurre:l. between September and lJovember in 

Ototoa but generally from October onwards in the others, 

followe:l. by increase:l. population numbers, bree:l.ing and 

production d l.lt'ing the summer-autumn perio:i. It was 

d wing this latter pericxi that the differences between the 

populations in the three lakes became most apparent. 

After the spring reproductive period numbers and bianass 

increase:l. to much higher levels in the Rotcrua lakes and 

this is presumably because their pr-:irnary pr-o:iuctive 

capacity was much greater resulting in the production of 

enough food to supp<rt lat'ger populations of Calcrmoeaia. 

Finally, during the autumn, generally between April and May, 

the lat'ger summer stocks gave way to lower nunbers again, 

presumably as a result of decreasing gr-owth rates arrl 

sur'vival as temperatures and phytoplankton stocJ,-_s decline:l.. 
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There were sane differences iri detail between the 

cycles however. In lake Ototoa there appeat'ed to be two 

perio:is, one alrea::ly mentione::l., in autumn (dwing gr,oups 

2 an:1 3) an:1 another in spring (dwing gt"Oup 6) when 

survival was lower and which separated the perio:i of low 

winter production from the perio:i of high S1..IITlr.1er pro:iuction. 

In the Rotorua. lakes the autumn period of loss was a 

regular feature, but a sir.ular la.,;er period of survival 

in spring did not always occur, and in the summer the 

populations fluctuated r:ore than in Ototoa. However, 

only one yearly cycle was stu:lied in Lake Ototoa and it 

is impossible to say whether these small differences 

between the lakes ar;,e maintaine::l. from year to year. 

In table 43 population parameters of some species 

of temperate an:.i tropical limnetic Entomostraca at'e 

presented and it is apparent that the birth an:1 death 

rates in these populations are very much larger than in 

Lake Ototoa. This results partly because of the lat'ge 

pr-oportions of immature stages in the population of 

caiamoeaia am. its small clutch size and bree:iing 

population. Kibby ( 19 71) gives aver-age values of a 

finite birth rate (with the dimensions eggs.~1.days-1 , 

cf the f ir1i te. birth rate used in this study and those in 

• • • ---l • • d 1 -l d -l) f table 43 which is eggs .ii.uivi-. ua s • ays or 

comparable British populations of Diaptomw gr-aaili1, 

in w!iich sane bree:iing occurs throughout the year, of l, 17 
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S~1e.c:_es 

Daphnia galeata 
(Michigan USA) 

Daphnia 
sch oedZ.eri 
(Montana USA) 

Leptodora 
kindtii 
(Pennsylvania 
USA) 

Diaptomus 
siailoides 

Cyal-ors vernalis 

Thermoayal-ops 
hy7.Zinus 
( Uganda) 

Ref2.r2nce Birth or death 
rate 

Hall (1964) b: 0-0.610 
(mean ca 0,1) 

Wright B = 0.01-0.80 
(1965)(1958 (mean 0.171) 
data) 

Cummins et B = 0.005 - 0.66) 
al (1969) Mean B = 0,130 
(1966 data) Mean d = 0.296 

-ditto-

-ditto-

Burgis 
(1971) 

d = 0.009-1.142 
Mean d:: 0.220 

d = 0-0.771 
Mean d = 0.253 

B = 0.397-0.162 
0.162 

Individual turnover Population turn-
time 

Summer - 4 days 
Winter - 20-25 days 

5-8 days 

L 5-200 days 

3.9 days 

1.5 - 111.1 days 
5.05 days 

1.9 - 00 days 
4.5 days 

2.5 - 6,1 days 
Mean 4.2 

over rate 

31. 4 
(April-Sept.) 

53.8 (May-Nov.) 

41.8 (May-Nov.) 

46.6 

86.9 

Table 43: Some population parameters of Northern temperate and 
tropical Entomostraca. B: finite birth rate; b = 
instantaneous birth rate; d = instantaneous death 
rate. Turnover times and rates have been calculated 
as explained in the text. 

1--' 
co 
w 



in the Queen Elizabeth Reservoir and 0.74 in the King 

George Reservoir. Hooever, the comparable annual mean 

figw:·e fat" C. "lucCB i in lake Ototoa is 0.12 which is 

still considerably lower. 

As might be expected from these low birth an::l. death 

rates, population turnover times, the numerical 

~ uivalents of P /B ratios, were considerably lar-ger than 

elsewhere. Olaprnan ( 19 72) also noted this and suggeste:i 
C::1· 

that it might relf ect low absolute prcxiuction o'l organic 

matter in New Zealan::i lakes. This indeed appears to be 

the case, as shown above (table 36 ) and the populations 

of CaZamoeaia "luaca i in the Rotorua lakes as well as in 

Ototoa are very much less pr-cxiuctive than those Northern 

H msphere and ~ uatorial ones which have been stu:lied. It 

could be suggested that New Zealand lakes ar>e less prcxiuctive 

because they have been largely uninfluence:i by "cultural 

eutrophication,ft but while this may be trte of Ototoa and 

perhaps Rotoiti, lake Rotorua has shown si[,Tls of considerable 

enrichment of this type in recent years (Olapman and Bell, 

1967) . Haveveri, this observe:i lower prcxiuctivity may also 

mean that New Zealand lakes are potentially less prcxiuctive 

than those elsewhere. Although much more work need to be 

done before such a statement can be substantiated , it is 

wcrth noting that New Zealan:1 soils (arrl hence presumably 

the lakes also) are characterisecl. by severe trace element 

deficiencies in many areas, an:1 Goldman (1964) has shown that 

the addition of Zn,· Co, Mo, Fe, an:1 chelating agents to the 
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water of two South Is lan::l lakes gr'eatly inct'eased their 

pr-cx:l.uction. furthermore, New Zealand lakes ar'e low in Ca 

an::l as noted ear lier ar>e classed as "poor" in Ohle' s 

scale relating iroouctivity to calcium levels. 

The populations of Ca-Z.amoeaia Zucas i so far 

studied in New Zealand, an::l especially that in Lake Ototoa, 

contrast further with most of their counterpar'ts elsewhere 

in their stable populations , in which rec:rui tment generally 

see1,15 to be balanced by loss , an::l in the mainten'ance of 

breeding throughout the year'. S.imilar' cycles have been 

reported only for '1herrmocycl-op3 hyaZinw in Lake George, 

Ugan::la (Burgis 1971) an::l Eudiaptomw vu-Z.garis in La.go 

Maggiore (Ravera 1954). Most populations of Diaptomw 

live in lakes which have a relatively severeclirna.te when 

compared with the mild con:li tions in New Zealarrl lakes. 

The winter is very cold , of ten with ice cover, and the main 

vegetative pericx:l is in the spring an::l suraner for a pericx:l. 

of only 6-8 months (e.g. Hilllricht-Ilkowska et al, 1966, 

Olapman 1969, Cornita 1972). Dwing these months ther-e is 

initially a bUt'st of algal production in s:i;ring and the small 

population of copepods pr-esent at these times ar'e able to gpow 

in abun:lance of focx:l. at maxirnun rates . Under these candi tions, 

especially in the higher lati tuie s wher-e the gpowing season 

is very short, important deter-minants of the seasonal.. cycles 

ar'e the length of the gpowing season and the speed with which 

the animals can f!l'OW and utilize the spring phytoplankton. 
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In many cases it appears that there is an excess of food and 

gr'cwth rates may be limiterl mainly by temperature ( e.g. 

McLaren 19 69) • Growth and birth rates are high at these 

times and large P/B ratios are characteristic (e.g. Petrovich 

et al 1961) • As the growing season lengthens rapidly developing 

prerlatcr pressure may begin to take its toll an:i large and 

sudden inct'eases in death rates are often correlated with 

the incidence of prerlatcry species such as Leptodora kindtii~ 

CJzaor lorw spo an::l cyclopoids (e.g. Hall 1964, Wright 1965, 

Cummins et al 1969, Canita 1972). This is not to say that 

food lirni tation of gr-Odth is unirnpcrtant but only that it 

canes into play later in the sea.pan after a pericxl. of rapid 

population growth and decimation by prerlators. Thus 

Chapman (1969) suggesterl that food shortage lirniterl griowth 

and lerl to subs~uent inCr>eased mortality in late summer 

and autumn in Diaptomus graoiZis in Loch Lemond, Weglenska 

( 19 71) indicates that rates of gr'owth of D. graoi Zoides are 

affected by food levels in the envirorunent, and Canita (1972) 

believed that there was foo::i lirni tation in those generations 

of Diaptomus s iai Zoides developing later in the season, 

between September and November. 

In these populations rate of egg production is an 

important determinant of population size, an::l is 

generally found to be dependant upon both environmental 
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temperiature am foal levels (e .. g .. Fdmondson, Canita an:i Ander1son 

1962, Fdmondson 1965). Kibby (1971) has found that birth 

rates of Diaptorrrus graci Zis wer-e carTelated with temper-attlr'e, 
\, 

total phytoplankton, filamentous algae, Ana ~na, numberis 

of Diaptomus and the combination; filamentous algae cryptomona,s 

Rhodomonas • 

While it is often obvious which f actOr's ar-e impcrtant 

in the control of population cycles in the NOr'ther-n Hemisphere 

temperatue lakes, it is not at all clear- what controls the 

seasonal cycle of Ca Zamoecia Zuca,s i in lake Ototoa. The 

relationship between birth rates, ingestible phytoplankton 

an:i temper-ature was investigated, and as might have been 

expected both H and b' were positively carTelated with 
;'c,'c 

environmental temperature (r = 0.445 , n = 48 fOr' H; 
i: 

r = 0. 305 , n = 48 fOr' b') , but both were negatively 
;': 

ccrrelated with ingestible phytoplankton (r = -0.340, 

** I) • n = 41 far' H; r = -0.477 , n = 41 fcr-b an::l the iniro-

duction of a time lag by ccrrelating mean birth rates in an 

interiv al with numberis of phytoplankton at the beginning of the 

IX'evirus inter-val did not change the coefficients significantly. 

As the relationship between birth rates and ingestible phyto­

plankton was possibly confused by the significant re°lationship 
;'c,': 

between ingestible phytoplankton and temperature (r = -0.397 , 

n = 42 ) this latter- ccrrelation was removed fran the reckoning by 
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partial ccrrelation analysis and when this was done only 

the relationship between b' and ingestible phytoplankton 

remainoo significant (r = -0. 40/n': n = 41) . The 

partial regr-ession equation relating b' to both 

ingestible phytoplankton was also calrulatoo arrl takes 

the form: 

where: 

b' = 0.0287 + 0.00058T - 0.0000207IP 

b' = mean specific birth rate between samples 

T = temperatur-e at the beginning of the interval 

IP= numbers of ingestible phytoplankton cells 

per- ml at the beginning of the interval. 

Both regression coefficients are significant at the 0.1% 

level. 

It is difficult to assess the meaning of the negative 

relationship between specific birth rate an::l numbers of ingestible 

phytoplankton, especially in the absence of data on the pd.mary 

pra:iuction in the lake. 'I\Jrnover rates may be such that lc,..J 

phytoplankton nunbers may not necessarily imply lower 

µ:-a:iuction of organic matter, which is probably a better­

irrlication of foa:i availability than actual numbers of 

cells . Even if stan:ling stocks of phytoplankton can give 

a measure of foa:i availability, as Brocksen et al (1969) 

have suggestoo , phytoplankton may be low at times of high 

birth rates because of gt"eater utilisation by the egg 

pro:i ucing a:l ul ts . furthermore, phytoplankton may be only 

a small part of the total f oa:i spectrum of the copepo::is, 
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since it is becaning increasingly realised that detritus, 

crganic aggr,egates an::1 associated bacteria ar-e 

irobably important foo::i sources of zooplankton (Nauwerck 1963 

Gliwicz 1969a ) . Unfcrtunately no measUt'es of bacterial 

populations were made on Lake Ototoa an::i only a few 

determinations of crganic matter- (which increased in 

October an:i November when b' was high), an::l so while 

the numbers of ingestible phytoplankton cells have ha:l. 

to be use:i as a measUt'e of food levels it is quite 

possible tha:t:' food availability may have been quite 

different . My apparent relationship between population 

attributes an:i ingestible phytoplankton shwld thus be 

viewe:i with sane scepticism. 

Hooever, it is unlikely that a knowle::ige of such relation­

ships between birth rates an:::1 possible causative environmental 

factcrs in Lake Ototoa will help in understanding the 

control of th"e seasonal cycle, since it was sh~ above 

that there was little appar'ent relationship between J:rlee::iing 

activity arxl. population number's, and losses appearie::i to be 

the main determinant of population size. Aparit from 

, nat1.ral I rnc::lt'tali ty ( i. e . that ba.ckgr,ound mortality due 

to failur,e to moult, old age, etc.) the most impcrtant agents 

of loss might be expecte::i to be ire::iatcry rno,r,tality and 

death from food shcrtage, In the population of Catamoeoi.a 

tuoca i, in lake Ototoa there was no evidence of :i;redatcry 

mcrtali tt such as that suffere::i by the population of 
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Dapznia gal.eata mendotae stu:lie::l by Hall ( 1964 ) in 

which prolonge::l· per-icx:ls of negative r values were 

associate::l with heavy pre::lation by Leptodora kindtii. 

In lake Ototoa the r values of C. l.ucas i ten::le::l to 

fluctuate arrun::l. zero, suggesting that pre::lation was 

either constant in its effect or absent. In New 

Zealand there is no equi\0.lent of Leptodora and 

the only pr-edatory zooplankter in Lake Ototoa was 

Ues oaya Zora l.euakarti. H<Mever, the cyclopoids 

were present in very low numbers and there was no 

significant relationship between either L er d' and 

numbers of cyclopoids. The fauna of planktivorous 

fish is also limite::l, the only '?nes in Lake Ototoa being 

the juvenile stages of bulJies (Gobiomo~ sp) arrl a very 

feM smelt (Retropinna l.acie tria). Although there is no 

data on the:ir abundance in Lake Ototoa they never seem to 

be present in lal::'ge numbers and it is difficult to see how 

they could seriousit affect planlctonic populations in any 

but the shallowest lakes. Tile apparent high rates of 

survival till the a::lult stage, and the similarity in 

percentage survival between the variot.B growth stages 

in C. Zuc<B i may also indicate a lack of pr-e::latory 

mortality. It is hard to believe that both stage V 

copepo:lites arrl the much smaller nauplii and Cis would 

be e:iually vulnerable to pre::lation. 
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It seems likely that food limitation may have been mCJr>e 

important than pr-e:iatory limitation in controlling the 

population size of C. Zuaas i in Lake Ototoa and this 

suggestion is supported by the low clutch sizes, egg 

pr-oo. uction and P /B ratios. 

A population limi te:i by foo:i availability might be 

expecte:i to come into a steady state with its f oo:i 

reserves • Such a population would ten:i to grCM in size 

until the pressure on the food resour'ce would be such that 

gr-cwth rates would be slCMed, and where food would be 

scarce enough to limit bree:iing by the !i?!i? to the 

pr-eduction of small numbers of eggs at any one time. 

Such a population would have a rather- lCM pr-od uction 

but a relatively high biomass since little wruld be 

being ranove::l by predator's. Presumably the population 

would be maintained by a lCM even production of eggs, arrl 

any great excess of production of individuals would be 

likely to be sufficient to exceed the carrying capacity of 

the food resource, and would result in higher- mortality. 

Thus ina-eases in either birth rates or' population number-s 

would generally be f ollCMed by in a-eases in loss • 

The Ototoa population of C. Zuaca i , arrl in::lee::l 

those of Lakes Rotor'ua an:l Rotoiti also, shows remarkable 

similar-ity to such a hypothetical food limite:1 - non­

pre::latCIC"y limi te::l population and per-haps this is hanily 

surprising. If the presume:i low pre:iator'.pressure is 
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ccrrect then the lack of severg environmental variations 

brought about by the oceanic climate of New Zealarrl 

means that the populations ar,e in a situation where 

they ar,e potent:i!aily able to bring themselves into 

e:iuilibrium with the environment more readily than in a 

highly seasonal lake. The lCM clutch size and 

breeding rates have been commented on previously as have 

the lCM P/B ratios in both Ototoa and the Rotorua. Lakes. 

In compar"ison to lakes elsewhere the biomass thus turns 

over more slowly, an:l is maintained by lower birth rates, 

even though temperatures are on the average high. The 

relationships between monthly pr-od uction, food levels arrl 

temperati.re (fig. 3 5 ) point to a degr-ee of f oai 

limitation also. Although in the colder rronths 

prcduction of the copepods appeared to be limited by their 

ability to gr-aw fast enough at the lCM temperatures, as 

temperatures inct'eased in spring an:l surroner praiuction also 

inct'eased but was apparently limited by food levels also. 

The lCM clutch sizes are of fllt'ther interest since they 

suggest also that predation is not impcrtant as a mortality 

factor in Lake Ototoa. A herbivcre species suffering 

predatory mortality might be expecte:l to be kept belCM the 

maximun population able to be sustaine:l by the primary 

prcduction of the environment. Because in such situations 

of lower>ed density there would be mat:"e foai per~ if 

algal populations remained unchanged , and as algal stocks 
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would be liable to increase further in such conditions 

anyway (because of lowere::l grazing pressures by the 

herbivcres) clutch size would be expecte::l to be 

gr-eater- than the min:imum possible, at least at certain 

times of the year when i:re::lation was highest and 

environmental con::iitions favourable. Thus the small 

and nearly constant clutch sizes that c. Zucca i 

pro:l uced in Lake Ototoa seem to indicate that the 

population was not limi te::l in th is way. 

A population limite::l by focxi is limite:i by a 

densi ty-deperxiant resources arrl increases in numbers should 
' 

be f ollowe::l by increases;1mat"tali ty. Increase:! loss rates 

were in fact found to follow increases in population 

numbers in the Ototoa population, although this is diffio.ilt 

to quantify. In fig. 36 the relationship between change 

in population size ( ,b,,. N) between samples expriesse:l as a 

pet"Centage of the population size at the beginning of 

the perio:l (N ) , arrl N0 is shewn. The yearly mean 
0 . 

population size is also indicate:l. The scatter of 

points is gr,eat arrl no very clear trend in the results 

is discernable. Hooevet", the fact that on those 

occasions when the population was below the average level 

change was positive on 73% of these occasions, arrl that 

when above the mean level change was negative 58% of the 

time, perhaps suggests that some type of density dependant 

stabilising mechanism, perhaps food limitation ,may have been 

Opet"ating • 
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Fig. 36: Change in population size between sampling 

dates, against population size on the 

first date, for the total population of 

CaZamoeaia Zuaaei in Lake Ototoa. A line 

has been included to guide the eye to 

possible trends. 
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Chapman (1972) has suggeste:i that pre:iation is not a 

majcr factari in controlling the cycles of c. Zuaasi in 

Lakes Roterua and Rotoiti also and as the P/B ratios 

of Lake Ototoa an:i Rotcrua were found to shCM striking 

similarities to one another it may be that all three 

populations are limi te:i mainly by the amount of f ocd 

which can be prcxl.uce:i in each lake. Thus, although the 

mere :i;raiuctive Roterua lakes suppcrt lar-geri stan:iing 

stocks and bianass of c. Zu.casi than in Lake Ototoa 

because of thejz, higher potential fer focd ircduction, 

the three lakes may fcrm a cohesive grioup char>acteriise:i by 

stable unprcd ucti ve populations, maintaine:i by lCM 

refrcxl. uctive rates in ccrnparison with those in other 

countries. 

The difficulties encountered in erxieav~ingto provide 

explanations fer these types of seasonal cycles possibly 

result lar-gely because in such stable populatiors low level, 

yet significant ,relationships which may exist between 

parameters of population change and thell' under lying causes 

ar-e obscwe:i by ran:iom var-iation brought about by erirors 

involved in the initial sampling an:i counting irocesses. 

This is a recurring iroblem in the ecological study of plankton 

populations , but because of the naturie of the populations in 

the Ncrth Islan:i of New Zealan:l it seems that it is likely 
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to set a limit to the usefulness of population studies 

in eliciting deeper understanding of the ecology of 

C. Zuaa3i • Obviously it wouJd be possible to reduce 

the effects of sampling variability by taking m:::ire 

samples rrore often, but this is generally impracticable. 

Thus while a little is nCM known of the ecology of 

Co Zucce i in a range of lJew Zealand lakes, it is 

apparent that the rrost pressing req_uirement is far' 

rrore information on the biology of the irrlividual animal. 

The determination of the population dynamics arrl production 

of C. Zucasi in the present study has depended on the use 

of laboratory determine::l , temper:'ature deperrlant development 

times. However, Weglenska ( 19 71) has shown that natUr'al 

variations in focxi levels can markedly affect the gr,owth 

rate of copepods and if bet' findings at'e also true far' 

copepods in Hew Zealand lakes, as they almost certainly 

are, then many of the values computed far CaZamoecia 

Zucce i in Lake Ototoa are probably inaccl.lr'ate to varying 

degr'ees and m:::ire needs to be known about the relationships 

between environmental f cxxl levels an:l development times 

in this species before more accut'ate figures can be 

arTived at. Studies of fee::ling, assimilation arrl metabolic 

rates, preferably under natural corrlitions, al'."e no less 

important, 311d clarification of the apparently unusual 

pra:luctive proper:'ties of New Zealand copepa:l populations, 

and the relationships between their cycles of both numbers 
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and biomass, and the environment, will probably largely 

depend on future investigations of these aspects. 



Between March 1969 and March 1970 a study was ma::le of the 

lirnnology of Lake Ototoa, a large sand-dune lake on the south hecrl 

of the Kai par-a harbour, nc:r;,th of Auckland . Par-ticular emphasis was 

placed on an investigation of the seasonal biology of the calanoid 

copepo:l Calamoecia ZuoCG i, and its population dynamics and 

:i:ro:iuction. 

Lake Ototoa is a warm monomictic lake, and became thermally 

strati£ ied in November and remained so until the end of the 

sampling per-io:i. The metalirnnion was between 12m and 16m depth. 

Surface temperatures ranged bet-ween 10. 2°c (in August) and 25 .2°c 

(in late January), bottom temperatures between 9. 7°c and 17 .s0 c. 

The annual heat budget was calculated to be 15,500 cal. cm - 2 and the 

work of the wird in distributing the heat income 1766 §Il,cm.cm-2 . 

The thermal features of the lake reflect the influence of the 

maritime cli.'Ilate as well as its exposed position. Thus canpared with 

northern hemispher:-e continental lakes the temper-attre range an::l. heat 

budget are laM because of the damping effect of the sea, yet there 

is suffK:ient windiness to give a fairly deep ther-mocline and a high 

value fOI'.' the war k of the wind. 

The water was clear, secchi depths ranging between Sm and 9. 2m 

(mean 7 ,O7m), with greatest transparencies in the summer-. Per:-centile 

transmission was also high, ranging between 61 %/m and 87%/m. 

Variation in transpar-ency did not seem to be cor!'elated with changes 

in amount of seston. 
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Surface waters were supersatur'ated with oxygen on all but one 

occasion. Therie was sane depletion in the bottom waters dur'ing 

surnrner stratification and a positive heterogr,a::ie distribution of 

oxygen with depth was found. The oxygen deficit was calculated to 

be 0.015 mg.cm-2 .day-1 . This l™ value suggests that Lake Ototoa 

can be regarde:i as oli&µ'ophic and is the least pra:luctive New 
\ 

Zeal.am. lake fat' which such values have been obtaine:i. Mean Sut'face 

pH was 7 .82 (range 7 ,25 to 8 .30) and higher values were found in 

the surnmeri than in the wiJlter. pHs droppe:i slightly in the 

bottan waters during stratification. 

The ionic canposition of the waters was s:imilar' to that of 

other small New Zealand an::i Australian lakes located near' the sea. 

Wirrl borne Spr'ay pr'Obably contribute:i to the ionic daninances of 

Na:>Mg >Ca>K fari the cations and Cl> HC03~ so4 fari the anions. 

Can pared with other New Zealan::i lakes P04 concentrations (range 

1. or /lg/ 1 to 10. 20 flg/1 ) were l™ an:l NO 3 concentrations (range 

0.12 mg/1 to 0.60 mg/1) high. 

The seasonal cycles of both chlariophyll a concentrations an:i 

numbers of the maj ari phytoplankton species were studied . Concentr­

ations of chlcrophyll a were l™ (range O .04 mg/m 3 to 4 . 61 mg/m 3; 
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mean O. 9 7 mg/m 3) with highest values in the winter . The phytoplankton 

densities were also lc:1N an::i the assemblage was f ou'ld to be an 

oligotrophic diatan-desmid plankton, associate:i with Botreyoooaoug, 

Dino a-yon an::i S pi aerocya tis . Examination of the gut contents of 

:pr-eserved caiamoeaia 7,uocei an::i determination of size of particle 

selected by live spec:imens of C. Zuoce i showed that those species 

between 2 .5 and 18 .2 microns diameter wer-e pr-obably ingested. 



The zooplankton was daninate:i by Calamoecia luaCB i whose 

nunbers remaine::l fairly constant throughout the year. BaJmina 

me1-vidionaUs was the only limnetic cladoceran and was present 

in greatest numbers during autunn and spring. A number of rotifer 

species were also cannon. The only cyclopoid copepo::i was 

Uesoayalops l,euakarti which was only found in very small numbers. 

The biology of C. iuaasi was examined in detail. Breeding 

was continuous, and clutch sizes and egg stocks were +CM and 

fa.irly constant. The yearily average numbers of clutches per 

female was calculated to be 1. 9 . Eggs were similar in size to 

those of other freshwater copepais , and there was little seasonal 

change . The numbers of adults and immature stages also shc:Med 

little seasonal change, although numbers were higher in summer 

than in winter and there were periais of lower standing stocks 

in autumn and spring, pr-obably as a result of gpeater rnartalities 

and/or changing development rates at these times. By analysing 

changes in female lengths and using changes in breeding intensity 

and numbers of development stages throughout the year, the 

development of 8 possible groups could be folla.ved. The broad 

aspects of the seasonal cycle in Lake Ototoa were found to be 

similar to those of C. l,uaas i in Lakes Rotorua and Rotoi ti. 

Dry weight of females was gpeatest in inid-winter and 

decreased during spring to la,., s\.IDTner values. Weight incrieases 

were due to incrieases in both protein and lipid, and the 

proportions of these showe::l little seasonal variation. Analysis 

of organic matter gave appr-oximate calorific values ranging 

between 3577 cal.gµi-l and 5773 cal.gµi-l (mean 4594 cal.grn-1) 
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with little seasonal change. The mean proportion of the dry weight 

as carbon was 4 3 . 6% and the yearly mean ash content was 5. 5 3%. The 

weights of the developmental stages were also determined at 

var:-ious times during the year and gt'owth was broadly par:-abolic. 

The development rates of eggs , nauplii and copepo:ii tes 

at different temperatl.lr'es were determined in the labcratar'y and 

were used to determine rect"ui tment and loss in the var:-ious devel­

opment stages , and also the population as a whole. Birth and death 

rates were low, the means of both linear:- and exponential rates 

varying between 0. 02 and 0. 05 . Thus average individual turnover 

times were relatively long, between 21.5 and41. 7 days, and the 

annual population turnover rate was 8. 2. Losses were fourrl to 

closely follc,.., births and there was little relationship between 

births and population size, which was determined mainly by losses. 

The only perio:is of consistently reduced losses were in June and 

December, and perio:is of gt'eatest losses were in autumn and spr-ing. 

Losses were much lower in the nauph ar and copepo:ii te stages than 

in the adults. Total rect"ui tment, loss and survival were also 

calculated, and survival was generally found to be similar (ca 90%) 

in all the irnmatwe stages. However losses were found to be grieater 

in those grioups developing in autumn and spring. Mean a:iult 

longevity was calculated to be 17. 6 days. 1.ongevi ty was grieater 

in early autumn, late siring and early summer. 

Pr>o:i uction was low in winter but inct"eased considerably in 

s:i;r'ing and slllilffier. It was very low canpared with pro:iuction in 

other planktonic copepod populations, both in New Zealand and 

elsewhere, as was the mean daily P/B ratio of 0.030. This gives 
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a mean D.lr'nover time fer the bianass of 33. 3 days and the seasonal 

range was from ca 2 months in winter to ca O. 6 months in the 

surroner • Average daily P /B ratios in each month were canpare1 

with those of C. Zuaasi in Lakes Rotorua and Rotoiti arrl found to 

have alm::::>st identical absolute values ,an::l to show the same 

seasonal irerrls with lc:w winter and high summer values . The 

i:roportion of the total production coniributed by the various 

developnent stages was also examine1 an::l. CV was fourrl to be the 

most impcrtant, coniributing on the average 47.0% of the total. 

The lcw birth and death rates and lack of seasonal change 

in the New Zealarrl populations are ernphasise1 as are the low 

production and P/B ratios. It is suggeste1 that they may ar-ise 

from lack of extreme seasonal climatic variation and a mere 

even distribution of primary pra:luction throughout the year 

than in cold temperate lakes, combined with probable lack of 

:i;redation on the copepod populations. It seems likely that 

populations of c. Zuaasi in New Zealand may be food, rather 

than :i;re1atat' limi te:i . However it is also suggeste1 that New 

Zealand lakes may be inherently less productive than many in 

the Northern Hemisphere . 

211 



ACKNOWLEDGEMENTS 

I particularly wish to thank Dr. M.A. Chapman, 

both for the advice and encouragement she has given me 

throughout the course of this study, as well as for 

many stimulating discussions on plankton ecology and 

limnology in general. 

I am also very grateful to Messrs. W.F.Donovan, 

C.Hatton, G.A.Haydon, P.H.Norrie and I.A.N.Stringer who 

assisted in the weekly sampling trips, and to Drs. U.V. 

Cassie and E.A.Flint who identified the phytop.lankton. 

My thanks are also extended to Dr.C.R.A.Wallace who 

translated Winberg, Pechen' and Shushkina's.paper, J. 

Irwin who provided information on the bathymetry of 

Lake Ototoa, the New Zealand meteorological service for 

climatological data from Woodhill Forest and the 

Auckland City Council which supplied the results of 

some water analyses from Lake Ototoa. I am also 

indebted to Mrs. G.Ainsworth who typed the text. 

212 



REFERENCES 

BARKER, M.A. 1967. The limnology of Lake Pupuke. 
M.Sc. thesis, University of Auckland library. 

1970. Physico-chemical features of Lake Pupuke, 
Auckland. N.Z. Jl.mar.Freshwat.Res. 4: 406-430. 

BAYLY, I.A.E. 1962. Ecological studies on New Zealand 
lacustrine zooplankton with special reference to 
Boeakella propinqua Sars (Copepoda: Calanoida). 
Aust.J. mar. Freshwat. Res. 13: 143-197. 

1964. Chemical and biological studies on some acidic 
lakes of East Australian sandy coastal lowlands. 
Aust. J. mar. Freshwat. Res. 15: 56-72. 

BAYLY, I.A.E. & WILLIAMS,W.D. 1964. Chemical and 
biological observations on some volcanic lakes in the 
south-east of South Australia. Aust. J. mar. Freshwat. 
Res. 15: 123-132. 

1966. Further chemical observations on some volcanic 
l~kes in the south-east of South Australia. Aust. J. 
mar. Freshwat. Res. 17: 229-237. 

BEERS, J.R. 1966. Studies on the chemical composition of 
the major zooplankton groups in the Sargasso Sea off 
Bermuda. Limnol. Oceanogr. 11: 520-528. 

BIRGE, E.A. 1915. The heat b~dgets of American and 
European lakes. Trans. Wis. Acad. Arts Lett. 18: 166-
213. 

213 

1916. The work of the wind in warming a lake. Trans. Wis. 
Acad. Arts Lett. 18: 341-391. 

BROCKSEN, R.W., DAVIS, G.E. & WARREN, C.E. 1970. Analysis 
of trophic processes on the basis of density dependant 
functions. In J.H.Steele (Ed.) Marine Food Chains. Univ. 
of California Press: 468-498. 

BURGIS. M.J. 1970. The effect of te~perature on the devel­
opment time of eggs of Thermoayalops sp. ! a tropical cyclo­
poid copepod from Lake George, Uganda. Limnol. Oceanogr. 15 
742-747. 



214 

BURG!~, M.J. 1971. The ecology and production of copepods, 
particularly ThePmoayalops hyalinus, in the tropical 
Lake George, Uganda. Freshwat. Biol. 1: 169-192. 

BU~NS, C.W. ~968. The relationship between body size of 
filter feeding cladocera and the maximum size of particle 
ingested. Limnol~ Oceanogr. 13: 675-678. 

BYARS, J.A. 1960. A freshwater pond in New Zealand. Aust. 
J. mar. Freshwat. Res. 11: 222-240. 

CAHN, R.D. 1967. Detergents in membrane filters. Science 
155: 195-196. 

CARTER, J.C.H. 1965. The ecology of the calanoid copepod 
Pseudoaalanus minutus Kr©yer in Tessiarsuk, a coastal 
meromictic lake of Northern Labrador. Limnol.Oceanogr. 
10: 345-353. 

CASSIE, R.M. 1958. Apparatus for investigating the 
spatial distribution of plankton. N.Z. Jl. Sci. 1: 
436-448. 

1963. Microdistribution of plankton.Oceanogr. Mar. 
Biol. Ann. Rev. 1: 223-252. 

CASSIE, U.V. 1969. Seasonal variation in phytoplankton 
from Lake .Rotorua and other inland waters, New Zealand, 
1966-67. N.Z. Jl. mar. Freshwat. Res. 3: 98-123. 

CHAPMAN, M.A. 1965. Ecological studies on the zooplankton 
of Loch Lomond. Ph.D. thesis, Univ. of Glascow. 

1969. The bionomics of Diaptomus graailis Sars 
(Copepoda: Calanoida) in Loch Lomond, Scotland. J.Anim. 
Ecol. 38: 257-284. 

1972. Calamoeaia luaasi (Copepoda: Calanoida) and other 
zooplankters in two Rotorua, New Zealand, lakes. Int. 
Rev. ges. Hydrobiol. Hydrogr. 57: (in press). 

CHAPMAN, M.A. & GREEN. J.D. 1973. Chemical and biolog­
ical observations on some Northern New Zealand lakes. 
N.Z. Jl. mar. Freshwat. Res. (in press). 

CHAPMAN, V.J. & BELL, C.A. 1967. Rotorua and Waikato water 
weeds: problems and a search for a solution. Dept. 
University Extension, The University of Auckland. 76 pp. 

CLARKE, G.L. 1954. Elements of Ecology. Wiley, New York. 
560 pp. 



COKER, R.E. 1933. Influence of temperature on size in 
freshwater copepods (ayalops). Int. Rev. ges. Hydrobiol. 
Hydrogr. 29: 406-436. 

COMITA, G.W. 1964. The energy budget of Diaptomus 
siailoides Lilljeborg. Verh. int. Verein. theor. angew. 
Limnol. 15: 646-653. 

1972. The seasonal zooplankton cycles, production and 
transformations of energy in Severson Lake, Minnesota. 
Arch.Hydrobiol. 70:14-66. 

COMITA, G.W. & ANDERSON, G.C. 1959. The seasonal develop­
ment of a population of Diaptomus ashlandi Marsh, and 
related phytoplankton cycles in Lake Washington. Limnol. 
Oceanogr. 4: 37-51. 

COMITA, G.W., MARSHALL, S.M. & ORR, A.P. 1966. On the 
biology of Calanus finmaPahiaus XIII. Seasonal change 
in weight, calorific value and organic matter. J. mar. 
biol. Ass. U.K. 46: 1-17. 

COMITA, G.W. & SCHINDLER, D.W. 1963. Calorific values of 
microcrustacea. Science 140: 1394-1396. 

CONOVER, R.J. 1956. Oceanography of Long Island Sound, 
1952-1954. VI. Biology of AaaPtia alausi and A. tonsa. 
Bull. Bingham Oceanogr. Coll. 15: 156-233. 

1967. Reproductive cycle, early development, and 
fecundity in laboratory populations of the copepod 
Calanus hypePboPeus. Crustaceana 13: 61-72. 

CONOVER, R.J. & CORNER, E.D.S. 1968.Respiration and 
nitrogen excretion of some marine zooplankton in 
relation to their life cycles. J.mar. biol. Ass. U.K. 
48: 49-75. 

CORKETT, C.J. 1967. Technique for rearing marine calanoid 
copepods in laboratory conditions. Nature,Lon4~ 211: 
481-483. 

1970. Techniques for breeding and rearing marine cala­
noid copepods. Helgolander wiss. Meersunters. 20: 318-
324. 

215 

CORKETT, C.J. & McLAREN, I.A. 1970. Relationships between 
development of eggs and older stages of copepods. J. mar. 
biol. Ass. U.K. 50: 161-168. 

CORKETT, C.J. & URRY, D.L. 1968. Observations on the 
keeping of Pseudoaalanus elongatus under laboratory 
conditions. J. mar. biol. Ass. U.K. 48: 97-105. 



COWEY, C.B. and CORNER, E.D.S. 1962. 
composition of CaZanus helgoZandiaus 
relation to that of its food. Rapp. 
Mer. 153: 124-8. 

The Amino-acid 
(Claus) in 
Cons. Explor. 

1963. Amino Acids and some other nitrogenous 
compounds in Calanus finmarahiaus. J. Mar. Biol. 
Ass. U.K. 43: 485-493. 

CUMMINS, K.W. 1967. Calorific equivalents for studies 
in ecological energetics. 2nd ed. Pymatuning 
Laboratory of Ecology, Univ. of Pittsburgh, Pittsburgh, 
Pennsylvania. 52 p. 

CUMMINS, K.W., COSTA, R.R., ROWE, R.E., MOSHIRI, G.A., 
SCANLON, R.M. and ZAJDEL, R.K. 1969. Ecological 
energetics of a natural population of the predaceous 
zooplankter Leptodora kindtii Focke (Cladocera). 
Oikos, 20: 189-223. 

CUNNINGHAM, B.T", MOAR, N.T., TORRIE, A.W., and PARR 
P.J. 1953. A survey of the western coastal dune lakes 
of the North Island, New Zealand. Aust. J. Mar. 
Freshwat. Res. 4: 343-386. 

CURL, H. Jr. 1962. Standing crops of carbon, nitrogen 
and ph~sphorus and transfer between trophic levels 
in continental shelf waters south of New York. Rapp. 
P-V. Reun. Cons. perm. int. Explor. Mar. 153: 83-89. 

CURRIE, R.I. and FOXTON, P. 1957. 1A new quantitative 
plankton net. J. Mar. Biol. Ass. U.K., 36: 17-32. 

CZECZUGA, B.1959. Oviposition in Eudiaptomus graaiZis 
G. O. Sars and E. graailoides Lilljeborg (Diaptomidae: 
Crustacea) in relation to season and trophic level of 
lakes. Bull. Acad. pol. Sci. Cl. II. Ser. Sci. biol. 7: 
227-230. 

DEEVEY, G.B. 1960. Relative effects of Temperature and 
Food on seasonal variations in length of marine copepods 
in some Eastern American and Western European Waters. 
Bull. Bingham Oceanogr. Coll. 17: 54-85. 

1964. Annual variations in length of copepods in the 
Sargasso Sea off Bermuda. J. mar. biol. Ass. U.K. 
44: 589-600. 

DE-NOYELLES, F. 1968. A stained organism filter 
technique for concentrating phytoplankton. 
Limnol. Oceanogr. 13: 562-565. 

DONOVAN, W.F. 1968. The zooplankton of Lake Waikare. 
Unpubl. IIIB project. Univ. of Auckland. 

216 



ECKSTEIN,H. 1964. Untersuchungen Uber den Einfluss des 
Rheinwassers auf die Limnologie des Schlusees IV. Unter­
suchungen uber die Einburgerung des Eudiaptomus gPaaiZis 
Sars in den Schluchsee. Arch Hydrobiol. (Suppl.) 28: 119 
- 182. 

EDMONDSON, W.T. 1960. Reproductive rates of Rotifers in 
natural populations. Memorie. Ist. ital. Idrobiol. 12: 
21-77. 

1965. Reproductive rates of planktonic rotifers as 
related to food and temperature in nature. Ecol. Monogr. 

35: 61-111. 

1966. Changes in the oxygen deficit of Lake Washington. 
Verh. Internat. Verein.Limnol. 16: 153-158. 

217 

EDMONDSON,W.T., COMITA,G.W. & ANDERSON,G.C. 1962. 
Reproductive rate of copepods in nature and its relation 
to phytoplankton populations. Ecology 43: 625-634. 

EDMONDSON, W.T. & WINBERG, G.G. 1971. A manual on methods 
for the assessment of secondary productivity in fresh­
waters. I.B.P. Handbook No.17, Blackwell,London. 358pp. 

EL-MAGHRABY, A.M. 1965. The seasonal variation in length 
of some marine planktonic copepods from the eastern 
Medterranean at Alexandria. Crustaceana 8: 37-47. 

ELSTER, H.J. 1954. Uber die Populationsdynamic von 
Eudiaptomus graaiZis Sars und HetePoaope boPeaZi8 Fischer 
im Bodensee. Arch. Hydrobiol. (Suppl.) 20: 546-614. 

~ ~ 0 ~ 
FARKAS, T. 1958. Osszehasonlito vizsgalatok alacsonyabb 
es magasabbrendii rakok kemiai oss7.etelen (Vergleichende 
untersuchungen uber die chemische zusammensetzung niederer 
und hoherer kr~bse) Annal. Biol. Tihany 25: 179-186. 

FAUSTOV, V.S. & ZOTIN, A.I. 1965. Variation of combustion 
heat of fish and amphibian eggs during growth. Dokl. 
Akad.nauk S.S.S.R. 162: 965-968. 

FERRAR, H.T. 1934. The geology of the Dargaville-Rodney 
subdivision. N.Z. Geol. Surv. Bull. No. 34 (NS). 

FISH G.R. 1966. Some effects of the destruction of 
aquatic weeds in Lake Rotoiti, New Zealand. Weed 
Research 6: 350-358. 

1969. The oxygen content of some New Zealand lakes. Verh. 
Internat. verein. Limnol. 17: 392-403. 

1970. A limnological study of four lakes near Rotorua. 
N.Z. Jl. mar. Freshwat. Res. 4: 165-194. 



218 

FISHER,_L.R. 1962. The total lipid material in some species 
of marine zooplankton. Rapp. P-v. Reun. Cons. perm. int. 
Explor. Mer 153: 129-136. 

F~INT, E.A. 1938. A preliminary study of the phytoplankton 
in Lake Sarah (New Zealand). J. Ecol. 2: 353-358. 

FRYER, G. 1954. Contributions to our knowledge of the 
biology and systematics of the freshwater copepoda. 
Schweiz. Z. Hydrol. 16: 64-77. 

FUDGE, H. 1968. Biochemical analysis of preserved zoo­
plankton. Nature 219: 380-381. 

GERLACH, J.C. 1966. Climatographs of the warm zone of 
New Zealand. Ruakura Animal Research Centre Publ. 

GIESE, A.C. 1967. Some methods for the study of the 
biochemical constitution of marine invertebrates. 
Ocearogr. Mar. Biol. Ann. Rev. 5: 159-186. 

GLIWICZ, Z.M. 1969a. The food screes of lake zooplankton. 
Ekol. Pol.(B) 15: 213-223. 

1969b. Studies on the feeding of pelagic zooplankton 
in lakes with varying trophy. Ekol. Pol. 17: 663-708. 

GOLDMAN, C.R. 1964. Primary productivity and micro­
limiting factors in some North American and New Zea­
land lakes. Verh. Internat. Verein. Lirnnol. 15: 365-
374. 

GORHAM, E. 1961. Factors influencing the supply of major 
ions to ~land waters with special reference to the 
atmosphere. Bull. Geol. Soc. Am. 72: 795-840. 

GREEN, J.D. 1968. Limnological studies on a Waitakere 
reservoir. M.Sc. thesis, Auckland University. 

GREEN,J.D., NORRIE, P.H. & CHAPMAN, M.A. 1968. An 
internal seiche in Lake Rotoiti. Tane 14: 3-11. 

GREZE V.N. 1970. The biomass and production of different 
trophic levels in the pelagic communities of the south 
seas. pp 458-467 in Marine Food Chains ed. J.H.Steele. 
Oliver & Boyd, Edinburgh. 

GREZE V.N 0 & BALDINA,E.P. 19640 Dinamika populyatsii 
i godovaya produktsiya Aaartia aZa~si Gies?r· i 
Centropages kroyeri Giesbr. v. n;r1!chesko1 zo~e 
chernogo more. Trudy. sevastopoI. biol. Sta. 1,: 249-
261. F.R.B.C. trans. 893. 



HALL, D.J. 1964. An experimental approach to the dynamics 
of a natural population of Daphnia galeata mendotae. 
Ecology 45: 94-112. 

219 

HAQ, S.M. 1967. Nutritional physiology of Metridia tuaens 
and M. longa from the Gulf of Maine. Limnol. Oceanogr. 12: 
40-51. 

HAYDON, G.A. 1967. Some aspects of the zooplankton of the 
Lower Nihotupu reservoir. Unpubl.IIIB project, Univ. of 
Auckland. 

HEINLE, D.R. 1966. Production of a calanoid copepod, 
Aaartia tonsa, in the Patuxent River estuary. Chesapeake 
Science 7: 59-74. 

HILLBRICHT-ILKOWSKA, 1r..:'" & WEGLENSKA, T. 1970a. Some 
relations between productioh and zooplankton structure 
of two lakes of a varying trophy. Pol. Arch. Hydrobiol. 
17: 233-240 

1970b. The effect of sampling frequency and the method 
of assessment on the production values obtained for 
several zooplankton species. Ekol. Pol. 18: 539-557. 

HILLBRICHT-ILKOWSKA, A., GLIWICZ, Z. & SPODNIEWSKA, I. 
1966. Zooplankton production and some trophic depend­
ances in the pelagic zone of two Masurian lakes. Verh. 
Internat. Verein. Limnol. 16: 432-440. 

HORIE, S. 1968. Limnological studies on Lake Yogo-ko 
III. Bull. Disas. Prev. Res. Inst. Kyoto Univ. 17: 
21-28. 

HUTCHINSON, G.E. 1938. On the relation between the 
oxygen deficit and the productivity and typology of 
lakes. Int.Rev. Hydrobiol. 36: 336-355. 

1944. Limnological studies in Connecticut. VII. A 
critical examination of the supposed relationship between 
phytoplankton periodicity and chemical changes in lake 
waters. Ecology 25: 3-26. 

1957. A treatise on limnology, Vol.1. Wiley & Sons, 
New York. 1015pp. 

1967. A treatise on limnology, Vol.2. Wiley & Sons. 
New York. 1115pp. 

IRWIN, J. 1973. Lake Ototoa provisional bathymetry. 
1:5544. N.Z. Oceanogr. Inst. Chart Lake series. 



220 

JAWED, M. 1969. Body nitrogen and nitrigenous excretion in 
N~omysis rayii Murdoch and Euphausia paaifiaa Hansen. 
Limnol. Oceanogr. 14: 748-754. 

JEFFERIES, H.P. 1969. Seasonal composition of temperate 
plankton communities: free amino acids. Limnol. Oceanogr. 
14: 41-52. 

JOLLY. V.H. 1968. The comparative limnology of some New 
Zealand lakes. I. Physical and Chemical. N.Z. Jl. mar. 
Freshwat. Res. 2: 214-259. 

KIBBY, H.V. 1971. Energetics and population dynamics of 
Diaptomus graailis. Ecol. Monogr. 41: 311-327. 

LEBEDEVA, L.I. & KOZLOVA, Y.I. 1969. Size-weight charact­
erisation of live and formalin fixed freshwater cladocera. 
Hydrobiol. J. 5: 59-65. 

LEWIS, R.W. 1969. The fatty acid composition of arctic 
marine phytoplankton ·and zooplamkton with special 
reference to minor acids. Limnol. Oceanogr. 14: 35-40. 

LOVEGROVE, T. 1966. The determination of the dry weight 
of plankton and the effect of various factors on the 
values obtained. pp 429-467 in Some contemporary studies 
in marine science. Ed. H. Barnes. George, Allen & 
Unwin, London. 

LOWNDES, A.G. 1935. The swimming and feeding of certain 
calanoid copepods. Proc. zool.soc. Lond. 1935: 687-715. 

LOWRY, O.H., ROSEBROUGH, A.L.! FAIR,A.L. & RANDALL, R.J. 
1951. Protein measurement with the Folin phenol 
reagent. J. Biol. chem. 193: 265-276. • 

MACKERETH, F.J.H. 1955. Ion exchange procedures for the 
estimation of (I) total ionic concentration (II) 
chlorides and (III) sulphates in natural waters. Mitt. 
int. Ver. Limnol. No.4. 

1963. Some methods of water analysis for limnologists. 
freshwater Biological Association publication No. 21. 

McLAREN I.A. 1963. Effects of temperature on growth of 
zoopla~kton and the adaptive value of vertical migration. 
J, Fish. Res. Bd. Canada 20: 685-727. 

1965. Some relationships between temperatur: and egg 
size, body size, develop~ent rate and fecundity of the 
copepod Pseudoaalanus. Limnol. Oceanogr. 10: 528-538. 

1966. Predicting the development rate of copepod eggs. 
Biol. Bull. 131: .457-469. 



McLAREN, I.A. _1969. Population and production ecology of 
zooplankton in Ogac Lake, a landlocked fiord on Baffin 
Island. J. Fish. Res. Bd. Canada 26: 1485-1559. 

McLAREN, I.A., CDRKETT, C.J. & ZILLIOUX, E.J. 1969. 
Temperature adaptations of copepod eggs from the arctic 
to the tropics. Biol. Bull. 137: 486-493. 

McQUEEN, D.J. 1970. Grazing rates and food selection in 
Diaptomus oregonensis (Copepoda) from Marion Lake, 
British Columbia. J. Fish. Res. Bd. Canada 27: 13-20. 

MACIOLEK, J.A. 1962. Lirnnological organic analyses by 
quantitative dich~omate oxidation. Res Rep. U.S. 
Fish. Wildl. Serv. 60: 1-61. 

MALOVITSKAYA, L.M. & SOROKIN, Y.I. 1961. An experimental 
study ~4 the feeding of Diaptomus (Crustacea, Copepoda) 
using C. Tr. Inst. Biol. Vodokhr. 4: 262-272. 

MANN. K.H. 1969. The dynamics of aquatic ecosystems. 
Advances in ecological research 6: 1-81. Academic press. 

MARSHALL, S.M. & ORR, A.P. 1953. CaZanus finmarahiaus: 
Egg production and egg development in Troms0 sound in 
spring. Acta Borealia. A. Scientia No.5 21pp. 

1955. The biology of a marine copepod, CaZanus 
finmarahiaus (Gunnerus). Oliver and Boyd, Edinburgh. 
188pp. 

MILLIPORE CORPORATION. Application report A.R.81. 
Microbiological analysis of water. 

MITCHELL, S.F. 1971. Phytoplankton productivity in 
Tomahawk Lagoon, Lake Waipori and Lake Mahinerangi. 
N.Z. Fisheries Research Bulletin No.3. N.Z. Marine 
Dept., Wellington. 

MORTIMER, C.H. 1956. The oxygen content of air saturated 
freshwaters, and aids in calculating percentage 
saturation. Mitt. int. Verein. theor. angew Limnol. 6: 
20pp. 

MULLIN, M.M. & BROOKS, ·E.R. 1967. Laboratory culture, 
growth rate and feeding behaviour of a planktonic 
marine copepod. Limnol. Oceanogr. 12: 657-666. 

1970. Production of the planktonic copepoc CaZanus 
heZgoZandiaus. Bull. Scripps. Inst. Oceanography 17: 
89-103. 

221 



NAUWERCK, A. 1963. Die beziehungen zwischen zooplankton 
und phytoplankton in See Erken. Symb. bot. Upsal. 
17 Nr.5: 163pp. 

NEEDHAM, J.G., GALSTOFF,P.S., LUTZ, F.E. & WELCH,P.S. 
1937, Culture methods for invertebrate animals. Ithaca. 
Comstock Pub. Co. 590pp. 

OHLE, W. 1934. Chemische und physicalische untersuch­
ungen Norddeutscher Seen. Arch. Hydrobiol. 26: 386-464. 

OMORI, M. 1969. Weight and chemical composition of some 
important oceanic zooplankton in the North Pacific 
Ocean. Mar.Biol. 3: 4-10. 

1970. Variations in length, weight, respiratory rate 
and chemical composition of CaZanus aPistatus in 
relation to its food and feeding. ppl13-126 in Marine 
Fcod Chains ed. J.H.Steele, Oliver & Boyd, Edinburgh. 

OSTAPENYA, A.P., SUSHCHENYA, L.M. & KHMELEVA, N.N. 1967. 
r,a10~ 1 city of tropical oceanic plankton. Oceanology 7: 
856-862. 

PAFFENHOFER, G.A. 1970. Cultivation of CaZanus heZgo­
Zandiaus under controlled conditions. Helgolander 
wiss. Meersunters. 20: 346-359. 

PATALAS, K. 1970. Primary and secondary production in a 
lake heated by a thermal power plant. in Proceedings, 
Institute of Environmental Sciences, 16th Annual 
Technical Meeting, April 12-16. pp 267-271. 

PETROVICH, P.G., SHUSHKINA, E.A. & PECHEN', G.A. 1961. 
Evaluating zooplankton production. Dokl. Akad. Nauk. 
SSSR, 139: 1235-1238. 

PETRUSEWICZ, K. & MacFADYEN, A. 1970. Productivity of 
terrestrial animals - principles and methods. I.B.P. 
Handbook 13. 192pp. 

PLATT, T., BRAWN, V.M. & IRWIN,B. 1969. Calorific and 
carbon equivalents of zooplankton biomass. J. Fish. Res. 
Bd. Canada 26: 2345-2349. 

RAVERA O. 1954. La struttura demographica dei copepodi 
del L~go Maggiore. Mem. Ist. ital. Idrbiol. 8: 109-150. 

RAYMONT J.E.G., SRINIVASAGAM, R.T. & RAYMONT, J.K.B. 
1969. Biochemical studies on marine zooplankton. VII. 
Observations on certain deep-sea zooplankton. Int. 
Rev. ges. Hvdrobiol. 54: 357-365. 

222 



RICHARDS, F.A. & THOMPSON, T.S. 1952. The estimation and 
characterisation of nlankton populations by pigment 
analysis. II P spectrophotometric method for the 
estimation of planktonic pigments. J. Mar. Res. 11: 
156-172. 

R!ZJEN, U. 1955. On the number of eggs in some free 
living freshwater copepods. Verh. int. Verein. theor. 
angew. Limnol. 12: 447-454. 

RUSSELL-HUNTER, W. D. , MEADOWS , R. T. , APLEY ,M. L. & 
BURKY, A.J. 1968. On the use of a 'wet oxidation' 
method for estimates of total organic carbon in 
mollusc growth studies. Proc. malac. Soc. Lond. 38: 
1-11. 

SCHINDLER, D.W. 1971. Light, temperature and oxygen 
regimes of selected lakes in the Experimental Lakes 
Area, north western Ontario. J. Fish. Res. Bd. Canada 
28: 157-169. 

SCHINDLER, D.W., CLARK, A.S. & GRAY, J.R. 1971. 
Seasonal calorific values of freshwater zooplankton 
as determined with a Phillipson bomb calorimeter 
modified for small samples. J. Fish. Res. Bd. Canada 
28: 559-564. 

SHUSHKINA. E.A. 19fi6. Sootroshenie produktskii i 
biomassy zooplanktona ozer.Gidrobiol. Zh. 2: 27-35. 

SIEFKIN, M. & ARMITAGE,K.B. 1968. Seasonal variation 
in metabolism and organic nutrients in three Diaptomus 
(Crustacea: Copepoda). Comp. Biochem. Physiol. 24: 
591-609. 

STEVENSON. G.B. 1952. A study of the Wellington city 
water supply with special reference to plankton 
growth in the storage reservcirs. N.Z. J. Sci. Tech. 
B. 34: 26-45. 

STOUT, V.M. 1969. Lakes in the mountain region of 
Canterbury, New Zealand. Verh. Internat. verein. limnol. 
17: 404-413. 

TALLING J.F. & DRIVER.D. 1963. Some problems in the 
estimation of chlorophyll a in phytoplankton. Proc. 
Conf. Primary Product. Meas. Mar and Freshwat. U.S. 
Atomic Energy Commission, Division of Technical 
Information TID-7633 pp 142-146. 

TAUBE I. 1966. The temperature dependance of the 
deveiopment of the embryo in Mesoayalops leuakarti . 
(Claus) and Cyalops sautifer (Sars) Thesis, Limnological 
InstituTe, Uppsala.(English translation by I.B. 
Talling.) 

223 



u(~~r.1 

TIMMS, B.V. 1967. Ecological studies on the entomostraca 
of a Queensland pond with special reference to 
BoeakeZla minuta Sars. (Copepoda: Calanoida) Proc. R. 
Soc. Qd. 7 9 : 41-7 0 . 

1969. A preliminary limnological survey of the Wooli 
Lakes, New South Wales. Proc. Linn. Soc. N.S.W. 94: 
105-112. 

1970. Chemical and zooplankton studies of lentic 
habitats in north-eastern New South Wales. Aust. J. 
mar. Freshwat, Res. 21: 11-33. 

TIMMS, B.V. & MIDGELY, S.H. 1969. The limnology of 
Borum.ha Dam, Queen_sland. Proc. R. s~)c. Qd. 81: 27-42. 

TONOLLI, V. 1964. Biometry as a means of evaluating 
demographic changes in natural populations of copepods. 
Verh. int. Ver. Limnol. 15: 752-757. 

224 

VINOGRADOV, A.P. 1933. The elementary 2hemical composition 
of marine organisms. Mem. Sears. Foundn. mar. Res. 2: 
647pp . 

., 
W~GLENSKA, T. 1971. The influence of various concentr­
ations of natural food on the development, fecundity 
and production of planktonic crustacean filtrators. 
Ekol. Pol. 19: 427-473. 

WELCH, P.S. 1948. Limnological Methods. Blakiston Press, 
Philadelphia. 

WIERZBICKA, M. & KEDZIF.RSKI, S. 1970. Contents of lipids 
in resting stages of Copepoda, Cyclopoida. Pol. Arch. 
Hydrobiol. 17: 289-293. 

- ". WILLEN, T. 1959. The phytoplankton of Gorvaln, a bay 
of Lake Malaren. Oikos 10: 241-274. 

WILLIAMS, W.D. 1964a. A contribution to lake typology 
in Victoria, Australia. Verh. Int. Verein. Theor. 
angew. Limnol. 15: 158-168. 

1964b. Some chemical features of Tasmanian inland 
waters. Aust. J. mar. Freshwat, Res. 15: 107-122. 

WINBERG G.G. 1970. I.B.P./U.N.E.S.C.O. symposium on 
proble;s of the productivity of bodies of freshwater. 
Hydrobiological Jl. 6: 102-111. 

1971. (ed.) Methods for the estimation of production 
of aquatic animals. Academic Press, London & New York. 
175pp. 



WINBERG, G.G., PECHEN', G.A. & SHUSHKINA, E.A. 1965. 
Produktsiya planktonnych rakoobraznykh trekh ozerakh 
raznogo tipa. Zool. Zh. 44: 676-688. 

WRIGHT, J.G. 1965. The population dynamics and product­
ion of Daphnia in Canyon Ferry Reservoir, Montana. 
Lirnnol. Oceanogr. 10: 583-591. 

YABLONSKAYA, E.A. 1962. Study of the seasonal population 
dynamics of the plankton copepods as a method of 
determination of their production. Rapp. P-v. Reun. 
Cons. perm. int. Explor. Mer 153: 224-226. 

YOSHIMURA, S. 1936. A contribution to the knowledge of 
deep water temperatures of Japanese lakes. Part I. 
Summer temperatures. Jap. J. Astr. Geophys. 13: 61-120. 

225 

1938. Dissolved oxygen of the lake waters of Japan. Sci. 
Rep. Tokyo Bunrika. Daig. Sect. C, No. 8: 63-277. 


	1973_Green-0001
	1973_Green-0002
	1973_Green-0003
	1973_Green-0004
	1973_Green-0005
	1973_Green-0006
	1973_Green-0007
	1973_Green-0008
	1973_Green-0009
	1973_Green-0010
	1973_Green-0011
	1973_Green-0012
	1973_Green-0013
	1973_Green-0014
	1973_Green-0015
	1973_Green-0016
	1973_Green-0017
	1973_Green-0018
	1973_Green-0019
	1973_Green-0020
	1973_Green-0021
	1973_Green-0022
	1973_Green-0023
	1973_Green-0024
	1973_Green-0025
	1973_Green-0026
	1973_Green-0027
	1973_Green-0028
	1973_Green-0029
	1973_Green-0030
	1973_Green-0031
	1973_Green-0032
	1973_Green-0033
	1973_Green-0034
	1973_Green-0035
	1973_Green-0036
	1973_Green-0037
	1973_Green-0038
	1973_Green-0039
	1973_Green-0040
	1973_Green-0041
	1973_Green-0042
	1973_Green-0043
	1973_Green-0044
	1973_Green-0045
	1973_Green-0046
	1973_Green-0047
	1973_Green-0048
	1973_Green-0049
	1973_Green-0050
	1973_Green-0051
	1973_Green-0052
	1973_Green-0053
	1973_Green-0054
	1973_Green-0055
	1973_Green-0056
	1973_Green-0057
	1973_Green-0058
	1973_Green-0059
	1973_Green-0060
	1973_Green-0061
	1973_Green-0062
	1973_Green-0063
	1973_Green-0064
	1973_Green-0065
	1973_Green-0066
	1973_Green-0067
	1973_Green-0068
	1973_Green-0069
	1973_Green-0070
	1973_Green-0071
	1973_Green-0072
	1973_Green-0073
	1973_Green-0074
	1973_Green-0075
	1973_Green-0076
	1973_Green-0077
	1973_Green-0078
	1973_Green-0079
	1973_Green-0080
	1973_Green-0081
	1973_Green-0082
	1973_Green-0083
	1973_Green-0084
	1973_Green-0085
	1973_Green-0086
	1973_Green-0087
	1973_Green-0088
	1973_Green-0089
	1973_Green-0090
	1973_Green-0091
	1973_Green-0092
	1973_Green-0093
	1973_Green-0094
	1973_Green-0095
	1973_Green-0096
	1973_Green-0097
	1973_Green-0098
	1973_Green-0099
	1973_Green-0100
	1973_Green-0101
	1973_Green-0102
	1973_Green-0103
	1973_Green-0104
	1973_Green-0105
	1973_Green-0106
	1973_Green-0107
	1973_Green-0108
	1973_Green-0109
	1973_Green-0110
	1973_Green-0111
	1973_Green-0112
	1973_Green-0114
	1973_Green-0115
	1973_Green-0116
	1973_Green-0118
	1973_Green-0119
	1973_Green-0120
	1973_Green-0121
	1973_Green-0122
	1973_Green-0123
	1973_Green-0124
	1973_Green-0125
	1973_Green-0126
	1973_Green-0127
	1973_Green-0128
	1973_Green-0129
	1973_Green-0130
	1973_Green-0131
	1973_Green-0132
	1973_Green-0133
	1973_Green-0134
	1973_Green-0135
	1973_Green-0136
	1973_Green-0137
	1973_Green-0138
	1973_Green-0139
	1973_Green-0140
	1973_Green-0141
	1973_Green-0142
	1973_Green-0143
	1973_Green-0144
	1973_Green-0145
	1973_Green-0146
	1973_Green-0147
	1973_Green-0148
	1973_Green-0149
	1973_Green-0150
	1973_Green-0151
	1973_Green-0152
	1973_Green-0153
	1973_Green-0154
	1973_Green-0155
	1973_Green-0156
	1973_Green-0157
	1973_Green-0158
	1973_Green-0159
	1973_Green-0160
	1973_Green-0161
	1973_Green-0162
	1973_Green-0163
	1973_Green-0164
	1973_Green-0165
	1973_Green-0166
	1973_Green-0167
	1973_Green-0168
	1973_Green-0169
	1973_Green-0170
	1973_Green-0171
	1973_Green-0172
	1973_Green-0173
	1973_Green-0174
	1973_Green-0175
	1973_Green-0176
	1973_Green-0177
	1973_Green-0178
	1973_Green-0179
	1973_Green-0180
	1973_Green-0181
	1973_Green-0182
	1973_Green-0183
	1973_Green-0184
	1973_Green-0185
	1973_Green-0186
	1973_Green-0187
	1973_Green-0188
	1973_Green-0189
	1973_Green-0190
	1973_Green-0191
	1973_Green-0192
	1973_Green-0193
	1973_Green-0194
	1973_Green-0195
	1973_Green-0196
	1973_Green-0197
	1973_Green-0198
	1973_Green-0199
	1973_Green-0200
	1973_Green-0201
	1973_Green-0202
	1973_Green-0203
	1973_Green-0204
	1973_Green-0205
	1973_Green-0206
	1973_Green-0207
	1973_Green-0208
	1973_Green-0209
	1973_Green-0210
	1973_Green-0211
	1973_Green-0212
	1973_Green-0213
	1973_Green-0214
	1973_Green-0215
	1973_Green-0216
	1973_Green-0217
	1973_Green-0218
	1973_Green-0219
	1973_Green-0220
	1973_Green-0221
	1973_Green-0222
	1973_Green-0223
	1973_Green-0224
	1973_Green-0225
	1973_Green-0226
	1973_Green-0227
	1973_Green-0228
	1973_Green-0229
	1973_Green-0230
	1973_Green-0231
	1973_Green-0232
	1973_Green-0233
	1973_Green-0234
	1973_Green-0235
	1973_Green-0236
	1973_Green-0237
	1973_Green-0238
	1973_Green-0239
	1973_Green-0240
	1973_Green-0241
	1973_Green-0242
	1973_Green-0243
	1973_Green-0244
	1973_Green-0245
	1973_Green-0246
	1973_Green-0247
	1973_Green-0248
	1973_Green-0249
	1973_Green-0250
	1973_Green-0251
	1973_Green-0252
	1973_Green-0253
	1973_Green-0254
	1973_Green-0255
	1973_Green-0256
	1973_Green-0257
	1973_Green-0258
	1973_Green-0259
	1973_Green-0260
	1973_Green-0261
	1973_Green-0262
	1973_Green-0263
	1973_Green-0264
	1973_Green-0265
	1973_Green-0266
	1973_Green-0267
	1973_Green-0268
	1973_Green-0269
	1973_Green-0270
	1973_Green-0271
	1973_Green-0272
	1973_Green-0273
	1973_Green-0274
	1973_Green-0275
	1973_Green-0276
	1973_Green-0277
	1973_Green-0278
	1973_Green-0279
	1973_Green-0280
	1973_Green-0281
	1973_Green-0282
	1973_Green-0283
	1973_Green-0284
	1973_Green-0285
	1973_Green-0286
	1973_Green-0287
	1973_Green-0288
	1973_Green-0289
	1973_Green-0290
	1973_Green-0291
	1973_Green-0292
	1973_Green-0293
	1973_Green-0294
	1973_Green-0295
	1973_Green-0296
	1973_Green-0297
	1973_Green-0298
	1973_Green-0299
	1973_Green-0300
	1973_Green-0301
	1973_Green-0302
	1973_Green-0303
	1973_Green-0304
	1973_Green-0305
	1973_Green-0306
	1973_Green-0307
	1973_Green-0308
	1973_Green-0309
	1973_Green-0310

