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Relationships between Nannoplankton and Lake Trophic Status' 

SUSAN WATSON AND JAAB KALFF 

Bepsarttnelat c$ Biology, McGill U~ziversn'g~, 4205 Avenue Docteur Penfield, Montreal, Que. H.3A I B l  

WATSON, S . , AND J. KALFF. 198 1 . Relationships between nannoplankton and lake trophic 
status. Can. J. Fish. Aquat. Sci. 38: 960-967. 

The hypotheses that with increasing eutrophication ( I )  nannoplankton biomass increases 
and (2) the relative proportion (percent) of nannoplankton biomass decreases were tested with 
data from Lake hfemphremagog, a lakc exhibiting a nutrient gradient, and on a more general 
scale using published data from a number of lakes. Both hypotheses were supported within 
and among lakes if trophic status was defined by tcltal algal biomass. This was also generally 
true if total phosphorus (TP) was used as an alternative measure of trophy, although percent 
nannoplankton biomass showed no relationship to TP among lakes. Empirical relationships 
that allow a first prediction of total nannoplankton biomass from total algal biomass or TP 
were calculated. The data suggest ,that among lakes, net plankton will show a more variable 
relationship with TP than nannoplankton. 

Key words: nannoplankton, net plankton, trophic status, total biomass. total phosphorus 

W t ~ - r s o ~ ,  S.,  AND J. KALFF. 198 1. Relationships between nannoplankton and lake trophic 
status. Can. S .  Fish. Aquat. Sci. 38: 960-967. 

Des donnkes recueillies dans le lac Metnphrkmagog, un lac a gradient d'klkments 
nutritifs, ont servi h vkrifier les hypotheses que (1) la biornasse de nannoplancton augmente 
et (2) la proportion relative (pour-cent) de la biomasse de nannoplancton diminue h mesure 
qu9augmente I'eutrophisation. On a Cgale~nent fait appel, dans un contcxte plus gCnCral, ii des 
donnCes publides sur plusieurs autres lacs. Les deux hypothitses sont confirmkes, dans un 
rn2me lac et d'un lac B l'autre, quand la biomasst: algale totale est utiliske pour dCfinir la 
condition trophiquc. II en est gknkralement de m2me aussi quand Ie phosphore total (PT) est 
utilisC comme autre mesure de I'Ctat trophique, bien que la proportion relative de la biomasse 
de nannoplancton ne montre pas de relation avec le PT entre lacs. Nous avons calculk les 
relations empiriques pennettant une premikre prkdiction de la biomasse totale de nan- 
noplancton a partir de la biomasse algaie totale ou du IT. D'aprks ces donnkes, le plancton 
tamist montrerait une relation plus variable aves le PT que le nannoplancton. 

Received February 2 1, 1988 
Accepted April 24, 1981 

TRADITIONALLY, algal communities have been investigated at 
the species level, which has resulted in the accumulation of a 
vast quantity of taxonomic data but which has led to few 
general predictions about patterns within and among lakes. 
An alternative, simpler method is to group phytoplankton 
assemblages into size fractions (e.g. Pavoni 1963; Semina 
1972; Kalff 1972; Munawar and Munawar 1975). Although 
algal taxonomic divisions are not necessarily related to func- 
tion, algal physiology and cell loss rates (through sedirnen- 
tation and grazing) have been related to cell size (e.g. Laws 
1975; Banse 1976; Smayda 1970; Burns 1948). The division 
of algal communities into size fractions may therefore allow 
the formulation of testable hypotheses about general re- 
lationships between environmental factors and phytoplankton 
size distributions. 

'A contribution to the Lake Memphremagog Project Lirnncjlogy 
Research Group. 

Printed in Canada (55977) 
Imprim6 au Canada (55977) 

R e p  le 21 fkvrier 1980 
Accept6 le 24 avril 1981 

Bn the past, most emphasis has been placed on the larger 
size fractions (or net plankton) because this group is primarily 
responsible for nuisance blooms; moreover, it is easier to 
identify and count. However, the importance of smaller size 
fractions has become recognized since it was shown that nan- 
noplankton frequently make sizable contributions towards to- 
tal algal production and biomass (e.g. Kalff 1972; Paerl and 
MacKenzie 1977; Munawar and hfunawar 1975), and provide 
a major food source for herbivorous zooplankton (Bums 
1968; Gliwicz 1967, 1977). In recognition of the functional 
roles of size fractions, Gelin and Ripl (1978) have redefined 
the nannoplankton as that size fraction which is ingestible by 
zooplankton grazers. 

Whereas one of the major consequences of increased nutri- 
ent loading to lakes is a higher overall phytoplankton standing 
crop (e. g . Vollenweider 1949; Dillon and Rigler 1975; 
Nicholls and Dillon 1978), the existence of a general quan- 
titative relationship between nutrient levels and nanno- 
plankton standing crop has not been established. If, as evi- 
dence suggests, nutrient uptake rates are size dependent (e.g. 
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W.4TSON AND K.4LI;F: NANNOPLANKTON AND LAKE TROPHIC STATUS 94 1 

Eppley et al. 1969; Laws 1975; W. Smith and J. Kalff. McGill 
University, Montreal, Que., unpublished data), and nutrient 
limitation plays a majar role in size selection, then nanno- 
plankton should exhibit some pattern in relation to nutrient 
concentration. In fact, evidence from previous investigations 
generally suggests a decrease in the relative proportion of 
nannoplankton with increasing eutrophication (Pavoni 1963; 
Semina 1972; Gelin and Wipl 1978; Spodniewska 1978, 
1979). 

The purpose of this study was to quantify the relationship 
between nannoplankton standing crop and lake trophic status, 
both within one lake exhibiting a nutrient gradient (Lake 
Memphremagog, Q u e k c  - Vermont) and among a number of 
lakes covering a wide trcsphic range. Trophy is here defined 
by total algal standing crop (Vollenweider 1969), as measured 
by total algal biomass. Kalff m d  Knoechel (1978) and 
Nicholls and Billon (1978) have shown that total biomass and 
total phosphorus (TP) are correlated, and because nanno- 
plankton biomass is not independent of total biomass esti- 
mates, we reexamined the relationship between these two 
variables for our two data sets to use them as alternative 
measures of lake trophy, although there are problems associ- 
ated with each (see Methods section). Using both of these 
measures within and among lakes, we then tested the hypoth- 
eses that (I) nannoplankton biomass increases but (2) the 
relative proportion (percent) of nannoplankton biomass de- 
creases with increasing trophy. 

Net plankton are generally more periodic in occurrence 
than nannoplankton (e. g. Munawar and Munawar 1975: Rey- 
nolds 1978), and therefore mean seasonal values of net plank- 
ton biomass should be more variable. We tested the prediction 
that net plankton biomass will exhibit mare unexplained vari- 
ance in relation to TP than nannoplankton biomass, and thus 
that any relationship between TP and total algal biomass is 
mainly a result of an underlying relationship between TP and 
nannoplankton. 

Methods 

Algal standing crop is usually represented by mea- 
surements of chlorophyll a (chla) and biomass (estimated 
from cell volume assuming a density of 1.0 g/cm3; Vol- 
lenweider 1969). and although neither measurement is entire- 
ly satisfactory, we chose to use total biomass. Cellular chla 
content fluctuates over a wide range of physical and chemical 
conditions (0.1 -9.7% fresh weight; Nicholls and Dillon 
1978), and nannoplankton generally have a higher chla con- 
tent per unit cell volume (Paasche 1960; Manney 1972; Mal- 
one et al. 1979), which may inflate estimates of their relative 
contribution to total algal standing crop. Furthermore, mea- 
surements of nannoplankton chla usually involve fraction- 
ation by screens, which do not give consistent results 
(Sheldon and Sutcliffe 1969; Malone et al. 1979). With algal 
biomass computed from cell vojume, there is error associated 
with estimates of mean cell volume (e. g. Willtn 1976), while 
the proportion of noncytoplasmic cell volume may be appre- 
ciable, especially for communities dominated by net plankton 
assemblages (Paasche 1960; Nalewajko 1966; Sicko-Goad et 
al. 1977). Although some authors have used correction factors 
for a few taxonomic groups (e.g. Smayda 1965; Bevaux 

LAKE M E M P H R E M A G O G  ( 

FIG. 1. Location of the four sampling stations in Lake Mem- 
phrernagog . 

1977), the proportion of noncytoplasmic cell volume has been 
shown to vary both between and within most taxonomic 
groups (Sicko-Goad et al. 1977). Nevertheless, a significant 
relationship has been found between uncorrected algal cell 
volume and dry weight (R. Peters, McGill University, Mon- 
treal, Que., unpublished data). We used total biomass (com- 
puted from uncorrected cell volume) as an estimate of plank- 
ton standing crop because the majority of published data on 
net plankton and nmnoplankton are reported as such. 

Mean summer TP concentration was used as an alternative 
to total biomass to measure lake trophy. Spring overturn val- 
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962 CAN. I. FISH. AQLJAT. SCI., VOL. 38, 1981 

ues may give a better prediction of summer standing crop as 
measured by chlorophyll (e.g. Sakomoto 1966; Dillon and 
Wigler 1974) but mean summer values of TP and algal bio- 
mass are more strongly correlated than similar values of chla 
and TP (Nicholls and Dillon 1978). Furthermore, Nicholls 
and Dillon (1978) found that spring TP was related quite 
closely to average summer concentrations. 

The study lake is a 40-h-long glacial lake lying on 
the Quebee (Canada)-Vermont (USA) border (45"06'N, 
72"17'W). It can be divided morphometrically into three 
ma~or basins on the basis of mean depth (Fig. 1). The lake 
receives an estimated 84% of its phosphorus loading from 
three rivers entering the southern end of the lake at Newport, 
VT, resulting in a north-south nutrient gradient (Peters 
1979), which is also reflected in variations in primary pro- 
ductivity and chla (Ross and Kalff 1975). 

Phytoplankton samples were collected every 1 or 2 wk 
from May to October (1976- 77) at four stations located along 
the phosphorus gradient (Fig. I). Average epilimnetic phy- 
toplankton biomass was estimated from integrated tube sam- 
ples, taken a h v e  the upper boundary of the thermocline or 
15 m when there was no stratification. In the shallow southern 
basin, samples were taken down to 0.5 m above the sedi- 
ments. Phytoplankton samples were fixed with Lugol's solu- 
tion and later counted using the Utermohl technique 
(Vollenweider 1969). Large species of low abundance were 
counted under low power across diagonal transects or over 
half the chamber area (minimum 26% total volume settled), 
whereas small or common species were counted under high 
power across one or two diagonal transects. Replicate counts 
showed a fairly low variance (with +2  SE of 6 and 16% for 

total and nannoplankton biomass, respectively). The maxi- 
mum particle size filtered by zooplankton appears to fall 
below 35 - 40 bm (Burns I968), and we used an upper cell 
dimension of 35 prn to estimate nannoplankton biomass. 

We obtained TP data for Lake Memphremagog from mea- 
surements made on samples taken from 2 m in depth at the 
three most southern stations in 1976 and at all four stations in 
1977. The samples were analyzed for TP using a persulfate 
digestion technique (Johnson 197 1). 

To test the prediction that total algal biomass is signifi- 
cantly correlated with TP within Lake Memphremagog, we 
us& least-squares regression analysis both with individually 
matched observations and mean seasonal values calculated for 
each station and year. 

Using both total biomass and TP as trophic measures, we 
analyzed both individual and mean seasonal values by least- 
squares regression to test our two hypotheses. To assess the 
degree to which part- whole correlation accounts for any 
correlation between total and nannoplankton biomass (Sokal 
and Rohlf 19691, we also performed regression analysis be- 
tween the two independent estimates of net plankton and 
nannoplankton biomass (the former obtained by difference), 
again using both individual and seasonal mean values. Final- 
ly, net plankton biomass (>35 bm; obtained by difference) 
and TP were used in least-squares regression to test the hy- 
pothesis that net plankton show a more variable relationship 
with TP than annoplankton. 

AMONG 1 %#E7S: NANNOPLANKTON AND TWOPHIG STATE 

To t ~ .  t for generality of relationships between nanno- 
plankton did lace trophy, we searched the literature for mea- 
sures of total and nannoplankton biomass and TP. The data 
are summarized in Table 1. The total data set is available from 
the Depository of Unpublished Data, CISTI, National 

TABLE. 1. Summary of the sources for data sets used for examnail,g the relationships between nan- 
noplankton and lake trophic status, as measured by total biomass (TBj and total phosphorus (TP). 

No. of data points 
with trophic measure as: 

TB TP 
Definition of (individual (seasonal 

Data source nannoplankton observations) means) 
for biomass ( ~ m )  Data source for TP (subset A) (subset B)  

Granberg (1970) 
Kalff (1972) 
Kristiansen (197 1 )  
Munawar and 

Munawar (1 975) 

Pavoni ( 1963) 

Spodniewska ( 1  978) 
Spodniewska (1979) 
Spodniewska 

et al. (1973) 
Watson ( 1979) 
Watson ( 1  979) 
Watson (1979) 

60 
64 
45 

"Phyto- 
flagellates 

30 
(some t'ilaments) 

30 
30 

Ilrnavirtla and Kotima (1 994) 9 1 
Kalff (unpublished data) 5 1 

- 3 1 - 

Weiler (1978); Dobson et aH. 
(1974); Schelske et al. (1974); 
DiToro and Matystik (1979) - 14 

- 7 - 
- 34 - 

Spodniewska (1979) 25 - 

- 13 - 

Watson (1979) 137 - 
Watson (1979) - 7 
Watson (1979) (5 2)" (52)" 

"Winthin-lakes test only. 
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WATSON AND KALFF: NANNOPLANKTON AND LAKE TROPPIIG STATUS 963 

Research Council of Canada, Ottawa, Canada KIA OS2. 
Most of the authors in the literature data set delineated the 

upper size limits of the nannoplankton fraction as 35 km or 
less, although some used other criteria (Pavoni 1963; 
Munawar and Munawar 1995; see Table 1). 

We took two subsets of the literature data to test the re- 
lationship between nannoplankton and the two measures of 
trophy, total biomass and TB. 

Using total biomass as an estimate of trophic level, the 
widest trophic range was covered using individual obser- 
vations: where only seasonal values of total and nan- 
noplankton biomass were available (Table 1) these were not 
included in this subset (subset A). We obtained a total of 261 
data points from seven different publications (Table 1). We 
also included individual observations from the four stations in 
Lake Memphremagog . 

Using TP as a trophic measure (subset B), we obtained TB 
from the articles themselves or estimated it from other sources 
(Table 1). A total of 23 data points were obtained for this 
subset (Table 1); no individual observations were included. 
Only seasonal mean estimates of TP were available for most 
of the lakes in these data sets (except Lake Memphremagog), 
and thus we tested the relationship between TP and total algal 
biomass only for subset B , using least-squares regression 
analysis. We also used regression analysis with both subsets 
to test our two hypotheses (see introduction). For both sub- 
sets, we used analysis of covariance (type 11, SAS 1980) to 
determine whether the different definitions of nannoplankton, 
different investigators, and differences in lake morphometry 
(as measured by surface area and mean depth where data were 
available) accounted for a significant amount of the total 

variance in nannoplankton biomass. To test the hypotheds 
that netplankton has a more variable relationship with TB than 
nannoplankton, we regressed netplankton biomass (obtained 
by difference) against mean seasonal TP for subset B. 

Results 

LAKE MEMPHWEMAGOG: NANNOPLANKTON AND TROPHIC 
STATE 

Data from within Lake Memphremagog supported hypoth- 
eses 1 and 2, using both total biomass and TP as measures of 
lake trophy. Both least-squares (model I) and functional 
(model 11: Bartlett's three-group method, Sokal and Rohlf 
1969) regression analysis gave statistically indistinguishable 
results for within- and among-lake tests, and only model I 
results are presented here. There was no relationship between 
individually matched observations of these two variables 
within Lake Memphremagog, but seasonal mean values for 
each station and year yielded a significant log - log correlation 
(Table 2. model I). 

Using total biomass as a trophic measure, we found that 
nannoplankton biomass showed a highly significant loga- 
rithmic increase with total biomass (Table 2, model 111). The 
slope of this relationship was significantly less than 1.0 
(P < O.Q5), and thus the relative proportion (percent) of nan- 
noplankton biomass decreased significantly with increasing 
total biomass (Table 2, model IV). Nannopldton biomass 
also showed a highly significant relationship with net plank- 
ton biomass (P < 0 . 0 1 ;  Table 2, model VII). 

Using TB as a trophic measure, we obtained similar results. 

TABLE. 2. Summary of regression models used to examine the relationship be- 
tween nannoplankton and net plankton biomass (nanB and netB, respectively) and 
lake trophic status, as measured by total biomass (TB) and total phosphorus (TP). 
(+$ < 0.85; **P < 0.01; ***P < 0.005; ****P < 0.001.) 

Test n b ( + ~ s E )  a P 

Model I. log (TB) = a + b log (TP) 
i) Within-lake test 7 2.02 (20.58)  
ii) Among-lakes test 23 1.43 (2~0.35)  

Model II. TB = a + bTP 
ii) Among-lakes test 23 161.09 (239.14) 

Model III. log (nanB) = a + b log (TB) 
i) Within-lake test 137 0.47 (50 .10)  
ii) Among-lakes test 261 0.53 (20.07)  

Model IV. '% nanB = a + b log (TB) 
i) Within-lake test 137 -35.60 (28.19)  
ii) Among-lakes test 241 -25.36 (+4.48) 

Model V. log (nanB) = a + b log (TP) 
i) Within-lake test 7 0.83 (k0.56) 
ii) Among-lakes test 23 1.28 (58.21)  

Model VI. 5% nanB = a + b log (TP) 
i) Within-lake test 7 -72.8 (k42.24) 

Model VII. log (nanB) = a + b log (netB) 
i) Within-lake test 137 0.22 (k0.09) 
ii) Among-lakes test 261 0.32 (50.86)  

Model VIII. log (netB) = a + b log (TP) 
i) Within-lake test 7 2.52 (50.75)  
ii) Among-lakes test 23 1.67 (20.52)  
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FIG. 2. Linear relationship between total biomass (TB) and total 
phosphorus (TP) among lakes, expressed by the equation: 

TB = 141.09TP - 593.42. 

As was shown above for total biomass, individual obser- 
vations of both namnoplankton or net plankton biomass and 
TP showed no relationshp (P > 63.051, but seasonal mean 
values yielded significant positive correlations whereas there 
was a corresponding decrease in the relative proportion of 
nannoplankton biomass (Table 2, model VI). Seasonal mean 
net plankton biomass was more significantly correlated with 
mean TP than nannoplankton biomass (Table 2, models V 
and VHII). 

AMONG LAKES: NANNOPLANKTON AND TROPHHC STATE: 

Data from among lakes also generally supported the hy- 
potheses. Total biomass and TP were again highly correlated 
on a linear and log scale (Table 2; Fig. 2). 

With total biomass as a measure of increasing trophy. 
nannoplankton again showed a highly significant logarithmic 
increase similar to that found within Lake Memphremagog 
(Table 2, model Ill; Fig. 3A): 

( I )  log (nanB) = 0.53 log (TBB + 1.03. 

The relative proportion (percent) of nannoplankton biomass 
showed a correspnding decrease (Table 2 ,  model IV; Fig. 
3B). Nannoplankton and net plamkton biomass were again 
significantly correlated (Table 2, model V%%) . 

Using TP as a measure of increasing trophic status, there 
was a highly significant logarithmic increase in nan- 
noplankton biomass (Table 2. model V; Fig. 4): 

(2) log (nanB) = 1 .28  log (TP) + 1 .24.  

However, there was no correspogPhfing trend in percent nan- 
noplankton biomass. Analysis of covariance showed that a 
small but statistically significant amount of the variance in 

LOG TOTAL BIOMASS 

1.6 2 . 0  3 . 0  4 .O 5 . 0  

L O G  TQTAL BIOMASS 

FIG. 3. General relationship between aaannoplanktsn biomass 
cnanB) and total biomass (TB) among lakes, expressed by the equa- 
tions: 

(A) Isg (nanBI = 0.53 log (TB) f 1.03. 
(B) % nanB = -25.34 log (TB) + 122.61. 

nannoplankton biomass was attributable to differences be- 
tween investigators and in nannoplankton size ranges used for 
individual observations (subset A) only (Table 3) whereas the 
variance accounted for by surface area and mean depth was 
not significant for either slabset. 

Net plankton bioanass showed a highly significant loga- 
rithmic correlation with TP. A comparison of F values 
showed that TP accounted for more of the total variance in 
nannoplankton than net plankton biomass (Table 2). 
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FIG. 4. General relationship between nannoplankton biomass 
(nanB) and total phosphorus (TP) among lakes, expressed by the 
equation: 

log dnanB j = 1.28 log (TP) f 1.24. 

Discussion 

TP and total biomass were correlated only when seasonal 
means of these variables were used (Table 2, model I). 
Spodniewska (1979) also found no significant relationship for 
individual measurements of TP and total biomass for a num- 
ber of Polish lakes. We therefore concluded that whereas 
mean seasonal TP provides an alternative to total biomass as 
a measure of the trophic status of lakes within our data sets, 
single measurements of TP do not necessarily reflect lake 
trophy. It is possible that the observed lack of correlation 
between individual measurements of total biomass and TP 
may be the result of a disequilibrium between phytoplankton 
biomass and the proportion s f  TP that is available (e.g . Peters 
1979) andior other size-selective factors affecting phyto- 
plankton growth (e-g. Banse 1976) or losses through respi- 
ration, grazing, and sedimentation (Laws 1975; Banse 1976; 
Gliwicz 1967, 1977). 

If total biomass is used as a measure of trophic state, the 
hypothesis that with increasing trophy there is f 1) an increase 
in nannoplankton biomass and (2) a decrease in the relative 
prsprt isn sf nannoplankton biomass is supported by data 
within Lake Memphremagog and on a broader scale among 
lakes, despite the observed scatter (Table 2. model III; 
Fig. 3). The relationship between independent estimates of 
net plankton and nannoplankton biomass was highly signifi- 
cant both within and among lakes ( P  < 0.8801; Table 2, 
model VII), and we therefore concluded that the observed 
regressions between nannoplankton and total biomass (Table 
2. model III) make valid predictions and are not simply a 
result of part- whole correlation. There is no question that the 
regressions between percent nannoplankton and total biomass 
involve part - whole correlation, but because the slopes of the 
regressions between nannoplankton and total or net plankton 

biomass are significantly less than 1 .O, we still concluded that 
the relative proportion of nannoplankton biomass decreased 
with increasing trophy. This implies that at higher nutrient 
Bevels, either net plankton have higher growth rates or 
nannoplankton suffer greater losses, for example, through 
grazing. 

There was no significant correlation between individual 
estimates of TP and nannsplanktsn biomass within Lake 
Memphremagog. However, we found that individual values 
of TP are also not a good measure of lake trophy, and the lack 
of correlation between these two variables does mot contradict 
our hypotheses. Seasonal mean values of namoplankton bio- 
mass and TP showed a significant positive correlation, both 
within Lake Memphremagog and among lakes (Table 2, mod- 
el V), supporting the hypothesis that nannoplankton biomass 
increases with increasing trophy. However, the predicted cor- 
responding decrease in the relative proportion (percent) of 
nannoplankton biomass was only observed within Lake 
Memphremagog, and was lacking among lakes. This suggests 
that among lakes covering a wide range of physical and chem- 
ical conditions, factors other than TP have more influence on 
the relative contribution of nannoplankton, whereas within 
the one lake we studied the factors are internally more con- 
stant and TP alone accounted for a highly significant amount 
of the total variance in mean seasonal percent nannoplankton 
biomass. Absolute nannoplankton biomass was strongly cor- 
related with TP among lakes, and it appears that it is the net 
plankton which is more influenced by factors other than TP, 
or as we stated in our hypothesis, the net plankton have a less 
predictable relationship with TP than nannoplankton. A 
comparison of F values (Table 2: modei V, F = $.96 (i), 
141.69 (ii); model VIII, F = 45.56 (i), 41.89 fii)) shows that 
although this is not true within Lake Memphremagog, in 
general among lakes mean seasonal TP accounts for more 
variance in nannoplankton than in net plankton biomass. 
Analysis of covariance suggests that this is not an artifact of 
differences in technique between investigators (Table 3). 
Thus the general relationship between TP and total biomass 
(Fig. 2) is more attributable to the nannoplanktsn than the net 
plankton fraction. It is worth noting that although differences 
in lake morphometry did not account for a statistically signifi- 
cant mount  of the total variance in net plankton biomass 
fP  < 0.053, Table 3), mean depth accounted for more vari- 
ance in net plankton than nannoplankton biomass, suggesting 
differential sedimentation losses. 

The empirical relationships presented (equations (I) ,  (2); 
Fig. 3, 4) allow a first prediction of nannoplankton biomass 
from total biomass or TP, which is useful for estimating trends 
in secondary production (McCauley and Kalff 1981). These 
models can eventually be refined to account for more of the 
unexplained variance, by incorporating other variables. Dif- 
ferences in technique between investigators, in the nan- 
noplankton size ranges used, or in lake morphometry account 
for only a small amount of the total variance (Table 3), sug- 
gesting that the scatter around the regression lines (Fig. 3, 4) 
has a biological basis. 

In summary, the hypotheses that with increasing trophy 
nannoplankton biomass increases while the relative propor- 
tion of nannoplankton decreases are generally supported by 
data within and between lakes. Furthermore, the empirical 
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TABLE. 3. Analyses of covariance (type 11, SAS 1980) used to determine the 
relative effect of factors other than lake trophy (netB, TP) on nannoplankton and 
net plankton biomass (nanB, netB, respectively). Net plankton biomass is used 
instead of total biomass as a measure of trophy because it is independent of 
nannoplankton biomass. In the models presented here, the factors are nan- 
noplankton size ranges used (size), author, and mean depth (z). (*P < 0.05; 
**P < 0.01: ***P < 0.085; ****P < 8.001.) 

Model I. log (nanB) = u log (netB) + bsize + c log (netB) *size 
Model 11. Bog (nanB) = u log (netB) + bauthor + c log (netB) *author 
Model 111. log (nanB) = a Bog (TP) + bz + c log (TP) *z  
Model IV. log (netB) = u log (TP) + bz + c log (TP) *Z 
- - - 

Source of variance P Source of variance P 

Subset A (n = 261) 

I. Full model 
Log (netB) 
Size 
Log (netB) *size 

= 0.395 

11. Full model 
Log (netB) 
Author 
Eog (netB) *author 

R= = 8.417 

models derived from these data allow the prediction of nan- 
noplanletom biomass from two alternative measures of trophic 
status, total algal biomass and total phosphoms. 
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