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HABs are becoming more frequent 
but still hard to predict

Uncertainties:
• Magnitude 
• Timing
• Species identity
• Toxicity level



Lake Superior
(Dolichospermum)

Brenda Lafrancois, National Park Service

Lake Baikal, Russia
(Spirogyra and Dolichospermum)

Identity of HAB taxa
(not only Microcystis) 



Several key 
cHAB genera

• Microcystis
• Dolichospermum

(aka Anabaena)
• Aphanizomenon
• Planktothrix



Key Questions in HAB Research

•What environmental factors stimulate HABs?
•How different are HAB taxa from each other and from 

non HAB taxa?
•What are the temporal trends in frequency, duration 

and composition of HABs?
• Can we predict HAB occurrence and severity?
•How do we prevent and mitigate HABs?
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• Can we predict HAB occurrence and severity?
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A need for a predictive 
mechanistic framework!



Trait-based Approaches 

•The focus is on functional traits not on species 
per se
•Can help identify general patterns of 

community structure and dominance by 
certain groups
•Can help uncover mechanisms of community 

responses to environmental factors



What are the important traits?
Depends on the question but often:

• Growth rate
• Nutrient and light utilization traits
• Temperature traits
• Grazer resistance
• Buoyancy
• Resting Stages
• Toxin production
• N-fixation



Slope at origin = Vmax/K = “uptake affinity”

Michaelis-Menten nutrient uptake

Nutrient utilization traits



Qmin= min. subsistence

Droop model of growth

Michael R. Droop, circa 1980

Nutrient utilization traits
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Slope at origin = “growth affinity for light” = α

Light utilization traits
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Next step:
•Collect traits for a wide range of HAB 
and other taxa and compare them

•Also use these traits to parameterize 
predictive models



Trait comparisons: growth rates

Cyanobacteria have 
intermediate growth rates

Schwaderer et al. L&O 2011

gradient by regressing the slope of the relative group
abundance vs. Secchi depth onto the given light-related
trait to determine the nature of the relationship, if any.

Results

Curve fitting—Ten literature curves that gave poor fits to
both models were discarded. Based on AICc, 38 data sets
were fit best by Model 1 and 49 by Model 2. We forced two
curves to use Model 2 based on visual inspection of the fits.
The obtained parameters and references are given in the
Web Appendix. Parameter estimates of mmax and a were
typically negatively correlated; other parameter estimate
pairs in Model 2 showed no consistent correlation.

Taxonomic group differences—Major taxonomic groups
of phytoplankton differed in their light utilization traits
(e.g., mmax, a, and Iopt; Fig. 1). On average, green algae as a
group had the highest maximum growth rates (mmax) and
dinoflagellates the lowest (Fig. 1A). Other major groups,
such as cryptophytes, cyanobacteria, and diatoms, had
intermediate maximum growth rates. Cyanobacteria as a
group had significantly higher a values than did many other
taxonomic groups, followed by diatoms and green algae
(Fig. 1B). Diatoms were similar to cyanobacteria in having
relatively low maximum growth rates and high a values.
They were, however, more resistant to photoinhibition than
were cyanobacteria, with higher Iopt. Based on a single
species for which data were available, dinoflagellates had
the lowest a values; desmids and cryptophytes also had low
a values. Except for desmids, all groups with low a values
were mixotrophs. Iopt, the irradiance at the onset of
inhibition, also differed across groups, with cyanobacteria
having the lowest and green algae (Chlorophyceae and
desmids) the highest values, on average (Fig. 1C).

Allometric relationships—Major parameters of growth-
irradiance curves depended significantly on cell size. Cell
volumes spanned ca. five orders of magnitude. Green algae
covered the entire cell volume range (100–104), whereas
diatoms and cryptophytes had mostly large (102.5–104) and
cyanobacteria mostly small (100–102.5) cell volumes. The
maximum growth rates (mmax) were negatively related to
cell size, and the exponents of the allometric relationship
were 20.08 6 0.04 for the OLS regression (R2 5 0.07, p 5
0.046; Fig. 2A) and 20.30 6 0.06 for the RMA regression
(same R2 and p-value) of the log–log-transformed data. The
initial slope a also decreased significantly with cell size, with
the exponent of 20.16 6 0.06 (OLS regression of log–log-
transformed data, R2 5 0.11, p 5 0.01; Fig. 2B) and 20.47
6 0.11 (RMA regression). The Iopt did not exhibit a
significant relationship with cell size (data not shown).

Fig. 1. Box plots of light utilization trait distributions for
major taxonomic groups. Groups are arranged in order of
decreasing means. Pairwise comparisons were run on log-
transformed data; significantly different groups (p , 0.05) do
not have letters in common. Numbers by each group indicate
number of species included. Circles are outliers. Group names

r
are diat (Bacillariophyceae), chl (Chlorophyceae), crypt (Crypto-
phyceae), cyano (Cyanophyceae), desmid (Desmidiales), and dino
(Dinophyceae). (A) Maximum growth rates (mmax). (B) Initial
slopes of the growth-irradiance curves (a). (C) Irradiance at the
onset of inhibition (Iopt). Note that not all species were
photoinhibited; hence, there are fewer values for each group.
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Scaled nutrient uptake affinity in freshwater 
phytoplankton

Edwards et al. L&O 2012

Phosphorus Nitrogen



Trait comparison: light traits
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Cyanobacteria: can grow at 
low light

Cyanobacteria: saturate or 
get inhibited by lower light

Schwaderer et al. L&O 2011



the green algae (Fig. 3). The interaction between functional
group and ecosystem was also a significant predictor of Tmin and
niche width (Figs 4 & 5), largely due to the cyanobacteria, which
exhibit considerably higher Tmin (and hence narrower niche
widths) in marine ecosystems.

Several functional groups are poorly represented in either
marine or freshwater ecosystems and could not be included in
models looking for interactions between functional group and
ecosystem. The traits of these groups decline with increasing
latitude, as with the groups that occur in both ecosystems
described above (except for the chrysophytes, for which we have
limited data) (Figs 2–4). They also exhibit considerable differ-
ences from each other: marine coccolithophores and freshwater
desmids display the smallest declines with latitude, comparable
to the cyanobacteria, while the marine non-calcifying
haptophytes show the largest decline.

DISCUSSION

Globally, phytoplankton temperature traits have been deter-
mined by local water temperatures as well as evolutionary con-
straints; the latter become apparent only when comparing traits
of different functional groups across broad spatial scales. The
substantial differences in trait–environment relationships
between phytoplankton groups indicate that evolutionary
history has played an important role in shaping how species
adapt to their thermal environment, and will shape how these
communities respond to global change.

Temperature trait–environment relationships in phytoplank-
ton functional groups have been investigated recently (Thomas,
2013; Chen, 2015), facilitated by a compilation of temperature
trait data (Thomas et al., 2012). Chen (2015) found that func-
tional groups exhibited different relationships with latitude and
ecosystem, although no interactions were explored. However,
that study had several weaknesses that our analysis avoids. First,
it lacked clear ecological and evolutionary hypotheses (which we
present in Table 1), and therefore found statistically significant
but biologically implausible patterns. These include a fourth-
order polynomial relationship between niche width and latitude
that made different predictions for the two polar oceans.
Second, the dataset in Chen (2015) was heavily biased towards
marine species (275 out of 339 taxa), severely limiting the power
of its freshwater analyses and comparisons between freshwater
and marine patterns. Finally, of the 64 freshwater taxa, 27 were
benthic mat-forming cyanobacteria from polar environments,
not phytoplankton (data from Tang et al., 1997). These values
strongly bias the freshwater regression estimates because benthic
species experience different thermal environments, and because
these samples represent extreme latitudes. We focus on our own
results hereafter.

Out of eight predictions describing how environmental vari-
ation should affect phytoplankton temperature traits (Table 1),
we found strong support for three across functional groups, all
concerning Topt, Tmax and Tmin (Table 1, Figs 2–4). These traits
declined strongly with latitude, were more similar across taxa in
the tropics and the first two were higher in freshwater ecosys-
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Figure 2 Optimum temperature for
growth (Topt) decreases towards the
poles, but the rate of this decline differs
strongly between functional groups
(n = 387). Also, freshwater Topt values are
4 °C higher on average than those of
marine species at the same latitude. The
best model was identified using groups
common to both ecosystems, shown in
(a) and (b). Data spread around these
regression lines indicates the proportion
of variance explained by the fixed effects
(marginal R2 = 0.51), but our model
explains considerably more variance by
accounting for intraspecific variation
with a random intercept (conditional
R2 = 0.84). Groups for which we had
data largely from one ecosystem are
shown in (c) and (d); model parameters
for these groups were estimated
separately.
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tems, consistent with our hypotheses (Figs 2–4). Topt and Tmax

changed by more than 20 °C across the latitudinal gradient in
some groups, in contrast to studies suggesting that Tmax is
strongly phylogenetically conserved (Araújo et al., 2013). The
decline in Tmin across latitude was much smaller, which suggests
that there is at most a weak physiological cost to having a low
Tmin. These three traits are strongly correlated with each other,
suggesting that they are not under independent selection. Topt is
more strongly correlated with Tmax (r = 0.88) than with Tmin

(r = 0.65), lending support to the hypothesis that Tmin is more
evolutionarily labile than Tmax (Fig. S6 in Appendix S1; Araújo
et al., 2013; Hoffmann et al., 2013). Positive correlations
between Topt and Tmin (Figs S6 & S7 in Appendix S1), and be-
tween Tmax and Tmin (Fig. S7), may be viewed as trade-offs
between high and low temperature tolerance. However, we
believe it is better characterized as a constraint on niche width,
for reasons we discuss later. In either view, the presence of both
trait correlations and environmental correlations (high mean
temperatures are associated with high maximum and minimum
temperatures; Fig. S2 in Appendix S1) complicates attempts to
draw causal links. For example, it is difficult to address whether
distinct aspects of environmental temperature regimes drive
selection on different traits (such as maximum environmental
temperature selecting on Tmax and minimum selecting on Tmin)
or whether physiological correlations are responsible for the
similarities in pattern between traits. Both factors may play a
role, and disentangling these will require evolution experiments.

Two additional predictions were supported only among the
cyanobacteria: freshwater isolates have lower Tmin and larger
niche widths (Figs 4 & 5, Table 1). Apart from the cyanobacteria,
most taxa exhibit niche widths of 20–30 °C regardless of the
annual temperature variation they experience, which in the
tropics may be as low as 2 °C. Marine cyanobacteria may face a
cost to maintaining wide niches that the eukaryotic groups avoid
because of their large physiological differences.

Finally, our two contrasting predictions relating to maximum
growth rate each found support, though one was stronger.
Maximum growth rates are lowest at high latitudes (P = 0.018)
and appear highest in the tropics, although they may actually
peak in the subtropics (P = 0.09; Fig. 6, Table 1). This statistical
uncertainty means we cannot distinguish with a high degree of
confidence whether trends in maximum growth rate are driven
more by reduced metabolic constraints in the tropics or by a
combination of low nutrients in the tropics and a trade-off
between maximum growth rate and nutrient competitive ability
(Table 1). Future work may build upon our findings by model-
ling the effects of temperature and nutrient availability directly,
rather than using latitude as a proxy.

Evolutionary history is often as important in determining
traits as selection and community assembly (encompassing
abiotic and biotic filtering). Trait–environment relationships dif-
fered between functional groups in two ways: groups had distinct
mean trait values in some cases, and in others their traits differed
in the rate of change with latitude.
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Figure 3 Maximum persistence
temperature (Tmax) decreases with
increasing latitude, but the rate of this
decrease differs strongly between
functional groups (n = 311).
Furthermore, Tmax is higher in freshwater
strains than in marine strains at the
same latitude. The best model was
identified using groups common to both
ecosystems, shown in (a) and (b). Data
spread around these regression lines
indicates the proportion of variance
explained by the fixed effects (marginal
R2 = 0.47), but our model explains
considerably more variance by
accounting for intraspecific variation
with a random intercept (conditional
R2 = 0.90). Groups for which we had
data largely from one ecosystem are
shown in (c) and (d); model parameters
for these groups were estimated
separately.

Phytoplankton temperature trait biogeography
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the green algae (Fig. 3). The interaction between functional
group and ecosystem was also a significant predictor of Tmin and
niche width (Figs 4 & 5), largely due to the cyanobacteria, which
exhibit considerably higher Tmin (and hence narrower niche
widths) in marine ecosystems.

Several functional groups are poorly represented in either
marine or freshwater ecosystems and could not be included in
models looking for interactions between functional group and
ecosystem. The traits of these groups decline with increasing
latitude, as with the groups that occur in both ecosystems
described above (except for the chrysophytes, for which we have
limited data) (Figs 2–4). They also exhibit considerable differ-
ences from each other: marine coccolithophores and freshwater
desmids display the smallest declines with latitude, comparable
to the cyanobacteria, while the marine non-calcifying
haptophytes show the largest decline.

DISCUSSION

Globally, phytoplankton temperature traits have been deter-
mined by local water temperatures as well as evolutionary con-
straints; the latter become apparent only when comparing traits
of different functional groups across broad spatial scales. The
substantial differences in trait–environment relationships
between phytoplankton groups indicate that evolutionary
history has played an important role in shaping how species
adapt to their thermal environment, and will shape how these
communities respond to global change.

Temperature trait–environment relationships in phytoplank-
ton functional groups have been investigated recently (Thomas,
2013; Chen, 2015), facilitated by a compilation of temperature
trait data (Thomas et al., 2012). Chen (2015) found that func-
tional groups exhibited different relationships with latitude and
ecosystem, although no interactions were explored. However,
that study had several weaknesses that our analysis avoids. First,
it lacked clear ecological and evolutionary hypotheses (which we
present in Table 1), and therefore found statistically significant
but biologically implausible patterns. These include a fourth-
order polynomial relationship between niche width and latitude
that made different predictions for the two polar oceans.
Second, the dataset in Chen (2015) was heavily biased towards
marine species (275 out of 339 taxa), severely limiting the power
of its freshwater analyses and comparisons between freshwater
and marine patterns. Finally, of the 64 freshwater taxa, 27 were
benthic mat-forming cyanobacteria from polar environments,
not phytoplankton (data from Tang et al., 1997). These values
strongly bias the freshwater regression estimates because benthic
species experience different thermal environments, and because
these samples represent extreme latitudes. We focus on our own
results hereafter.

Out of eight predictions describing how environmental vari-
ation should affect phytoplankton temperature traits (Table 1),
we found strong support for three across functional groups, all
concerning Topt, Tmax and Tmin (Table 1, Figs 2–4). These traits
declined strongly with latitude, were more similar across taxa in
the tropics and the first two were higher in freshwater ecosys-
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of variance explained by the fixed effects
(marginal R2 = 0.51), but our model
explains considerably more variance by
accounting for intraspecific variation
with a random intercept (conditional
R2 = 0.84). Groups for which we had
data largely from one ecosystem are
shown in (c) and (d); model parameters
for these groups were estimated
separately.
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the green algae (Fig. 3). The interaction between functional
group and ecosystem was also a significant predictor of Tmin and
niche width (Figs 4 & 5), largely due to the cyanobacteria, which
exhibit considerably higher Tmin (and hence narrower niche
widths) in marine ecosystems.

Several functional groups are poorly represented in either
marine or freshwater ecosystems and could not be included in
models looking for interactions between functional group and
ecosystem. The traits of these groups decline with increasing
latitude, as with the groups that occur in both ecosystems
described above (except for the chrysophytes, for which we have
limited data) (Figs 2–4). They also exhibit considerable differ-
ences from each other: marine coccolithophores and freshwater
desmids display the smallest declines with latitude, comparable
to the cyanobacteria, while the marine non-calcifying
haptophytes show the largest decline.

DISCUSSION

Globally, phytoplankton temperature traits have been deter-
mined by local water temperatures as well as evolutionary con-
straints; the latter become apparent only when comparing traits
of different functional groups across broad spatial scales. The
substantial differences in trait–environment relationships
between phytoplankton groups indicate that evolutionary
history has played an important role in shaping how species
adapt to their thermal environment, and will shape how these
communities respond to global change.

Temperature trait–environment relationships in phytoplank-
ton functional groups have been investigated recently (Thomas,
2013; Chen, 2015), facilitated by a compilation of temperature
trait data (Thomas et al., 2012). Chen (2015) found that func-
tional groups exhibited different relationships with latitude and
ecosystem, although no interactions were explored. However,
that study had several weaknesses that our analysis avoids. First,
it lacked clear ecological and evolutionary hypotheses (which we
present in Table 1), and therefore found statistically significant
but biologically implausible patterns. These include a fourth-
order polynomial relationship between niche width and latitude
that made different predictions for the two polar oceans.
Second, the dataset in Chen (2015) was heavily biased towards
marine species (275 out of 339 taxa), severely limiting the power
of its freshwater analyses and comparisons between freshwater
and marine patterns. Finally, of the 64 freshwater taxa, 27 were
benthic mat-forming cyanobacteria from polar environments,
not phytoplankton (data from Tang et al., 1997). These values
strongly bias the freshwater regression estimates because benthic
species experience different thermal environments, and because
these samples represent extreme latitudes. We focus on our own
results hereafter.

Out of eight predictions describing how environmental vari-
ation should affect phytoplankton temperature traits (Table 1),
we found strong support for three across functional groups, all
concerning Topt, Tmax and Tmin (Table 1, Figs 2–4). These traits
declined strongly with latitude, were more similar across taxa in
the tropics and the first two were higher in freshwater ecosys-
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the green algae (Fig. 3). The interaction between functional
group and ecosystem was also a significant predictor of Tmin and
niche width (Figs 4 & 5), largely due to the cyanobacteria, which
exhibit considerably higher Tmin (and hence narrower niche
widths) in marine ecosystems.

Several functional groups are poorly represented in either
marine or freshwater ecosystems and could not be included in
models looking for interactions between functional group and
ecosystem. The traits of these groups decline with increasing
latitude, as with the groups that occur in both ecosystems
described above (except for the chrysophytes, for which we have
limited data) (Figs 2–4). They also exhibit considerable differ-
ences from each other: marine coccolithophores and freshwater
desmids display the smallest declines with latitude, comparable
to the cyanobacteria, while the marine non-calcifying
haptophytes show the largest decline.

DISCUSSION

Globally, phytoplankton temperature traits have been deter-
mined by local water temperatures as well as evolutionary con-
straints; the latter become apparent only when comparing traits
of different functional groups across broad spatial scales. The
substantial differences in trait–environment relationships
between phytoplankton groups indicate that evolutionary
history has played an important role in shaping how species
adapt to their thermal environment, and will shape how these
communities respond to global change.

Temperature trait–environment relationships in phytoplank-
ton functional groups have been investigated recently (Thomas,
2013; Chen, 2015), facilitated by a compilation of temperature
trait data (Thomas et al., 2012). Chen (2015) found that func-
tional groups exhibited different relationships with latitude and
ecosystem, although no interactions were explored. However,
that study had several weaknesses that our analysis avoids. First,
it lacked clear ecological and evolutionary hypotheses (which we
present in Table 1), and therefore found statistically significant
but biologically implausible patterns. These include a fourth-
order polynomial relationship between niche width and latitude
that made different predictions for the two polar oceans.
Second, the dataset in Chen (2015) was heavily biased towards
marine species (275 out of 339 taxa), severely limiting the power
of its freshwater analyses and comparisons between freshwater
and marine patterns. Finally, of the 64 freshwater taxa, 27 were
benthic mat-forming cyanobacteria from polar environments,
not phytoplankton (data from Tang et al., 1997). These values
strongly bias the freshwater regression estimates because benthic
species experience different thermal environments, and because
these samples represent extreme latitudes. We focus on our own
results hereafter.

Out of eight predictions describing how environmental vari-
ation should affect phytoplankton temperature traits (Table 1),
we found strong support for three across functional groups, all
concerning Topt, Tmax and Tmin (Table 1, Figs 2–4). These traits
declined strongly with latitude, were more similar across taxa in
the tropics and the first two were higher in freshwater ecosys-
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the green algae (Fig. 3). The interaction between functional
group and ecosystem was also a significant predictor of Tmin and
niche width (Figs 4 & 5), largely due to the cyanobacteria, which
exhibit considerably higher Tmin (and hence narrower niche
widths) in marine ecosystems.

Several functional groups are poorly represented in either
marine or freshwater ecosystems and could not be included in
models looking for interactions between functional group and
ecosystem. The traits of these groups decline with increasing
latitude, as with the groups that occur in both ecosystems
described above (except for the chrysophytes, for which we have
limited data) (Figs 2–4). They also exhibit considerable differ-
ences from each other: marine coccolithophores and freshwater
desmids display the smallest declines with latitude, comparable
to the cyanobacteria, while the marine non-calcifying
haptophytes show the largest decline.

DISCUSSION

Globally, phytoplankton temperature traits have been deter-
mined by local water temperatures as well as evolutionary con-
straints; the latter become apparent only when comparing traits
of different functional groups across broad spatial scales. The
substantial differences in trait–environment relationships
between phytoplankton groups indicate that evolutionary
history has played an important role in shaping how species
adapt to their thermal environment, and will shape how these
communities respond to global change.

Temperature trait–environment relationships in phytoplank-
ton functional groups have been investigated recently (Thomas,
2013; Chen, 2015), facilitated by a compilation of temperature
trait data (Thomas et al., 2012). Chen (2015) found that func-
tional groups exhibited different relationships with latitude and
ecosystem, although no interactions were explored. However,
that study had several weaknesses that our analysis avoids. First,
it lacked clear ecological and evolutionary hypotheses (which we
present in Table 1), and therefore found statistically significant
but biologically implausible patterns. These include a fourth-
order polynomial relationship between niche width and latitude
that made different predictions for the two polar oceans.
Second, the dataset in Chen (2015) was heavily biased towards
marine species (275 out of 339 taxa), severely limiting the power
of its freshwater analyses and comparisons between freshwater
and marine patterns. Finally, of the 64 freshwater taxa, 27 were
benthic mat-forming cyanobacteria from polar environments,
not phytoplankton (data from Tang et al., 1997). These values
strongly bias the freshwater regression estimates because benthic
species experience different thermal environments, and because
these samples represent extreme latitudes. We focus on our own
results hereafter.

Out of eight predictions describing how environmental vari-
ation should affect phytoplankton temperature traits (Table 1),
we found strong support for three across functional groups, all
concerning Topt, Tmax and Tmin (Table 1, Figs 2–4). These traits
declined strongly with latitude, were more similar across taxa in
the tropics and the first two were higher in freshwater ecosys-
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tems, consistent with our hypotheses (Figs 2–4). Topt and Tmax

changed by more than 20 °C across the latitudinal gradient in
some groups, in contrast to studies suggesting that Tmax is
strongly phylogenetically conserved (Araújo et al., 2013). The
decline in Tmin across latitude was much smaller, which suggests
that there is at most a weak physiological cost to having a low
Tmin. These three traits are strongly correlated with each other,
suggesting that they are not under independent selection. Topt is
more strongly correlated with Tmax (r = 0.88) than with Tmin

(r = 0.65), lending support to the hypothesis that Tmin is more
evolutionarily labile than Tmax (Fig. S6 in Appendix S1; Araújo
et al., 2013; Hoffmann et al., 2013). Positive correlations
between Topt and Tmin (Figs S6 & S7 in Appendix S1), and be-
tween Tmax and Tmin (Fig. S7), may be viewed as trade-offs
between high and low temperature tolerance. However, we
believe it is better characterized as a constraint on niche width,
for reasons we discuss later. In either view, the presence of both
trait correlations and environmental correlations (high mean
temperatures are associated with high maximum and minimum
temperatures; Fig. S2 in Appendix S1) complicates attempts to
draw causal links. For example, it is difficult to address whether
distinct aspects of environmental temperature regimes drive
selection on different traits (such as maximum environmental
temperature selecting on Tmax and minimum selecting on Tmin)
or whether physiological correlations are responsible for the
similarities in pattern between traits. Both factors may play a
role, and disentangling these will require evolution experiments.

Two additional predictions were supported only among the
cyanobacteria: freshwater isolates have lower Tmin and larger
niche widths (Figs 4 & 5, Table 1). Apart from the cyanobacteria,
most taxa exhibit niche widths of 20–30 °C regardless of the
annual temperature variation they experience, which in the
tropics may be as low as 2 °C. Marine cyanobacteria may face a
cost to maintaining wide niches that the eukaryotic groups avoid
because of their large physiological differences.

Finally, our two contrasting predictions relating to maximum
growth rate each found support, though one was stronger.
Maximum growth rates are lowest at high latitudes (P = 0.018)
and appear highest in the tropics, although they may actually
peak in the subtropics (P = 0.09; Fig. 6, Table 1). This statistical
uncertainty means we cannot distinguish with a high degree of
confidence whether trends in maximum growth rate are driven
more by reduced metabolic constraints in the tropics or by a
combination of low nutrients in the tropics and a trade-off
between maximum growth rate and nutrient competitive ability
(Table 1). Future work may build upon our findings by model-
ling the effects of temperature and nutrient availability directly,
rather than using latitude as a proxy.

Evolutionary history is often as important in determining
traits as selection and community assembly (encompassing
abiotic and biotic filtering). Trait–environment relationships dif-
fered between functional groups in two ways: groups had distinct
mean trait values in some cases, and in others their traits differed
in the rate of change with latitude.
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functional groups (n = 311).
Furthermore, Tmax is higher in freshwater
strains than in marine strains at the
same latitude. The best model was
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ecosystems, shown in (a) and (b). Data
spread around these regression lines
indicates the proportion of variance
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What we can do:
• Collect trait data for diverse HAB taxa and compare them to 

non HAB taxa (multi-trait response surfaces)
-Inter- and intraspecific differences

•Determine trait values for key HAB taxa and what conditions 
select for certain traits
•Develop mechanistic models that include key traits to 

predict trait selection under different scenarios (mixing, 
nutrient levels, temperature, etc.)
• Test models with data


