
Research briefing

Climate 
warming 
effects on 
stream-fish 
size spectra 
are modulated 
by other 
perturbations

Across taxa, increased 
temperature has been reported 
to generally reduce individual 
body size and change the 
body size structure of wild 
communities. Our research 
reveals that the effects of climate 
warming on the body size 
structure of stream fishes are also 
dependent on the intensity of 
other human pressures.

The problem

Climate warming can lead to a decrease 
in individual body size owing to the 
accelerated metabolism of organisms 
in response to increased temperature1. 
However, recent evidence suggests that 
these effects can be modulated by the 
environmental context. Investigating 
how the effects of climate warming on 
community body-size structure interact 
with other human pressures is therefore 
needed2. The community size spectrum, 
which quantifies the relationship be-
tween the abundance (or biomass) of or-
ganisms and their body size3, represents 
an integrative approach to identifying 
the mechanisms of community responses 
to global environmental changes. This 
approach has also been used as a key indi-
cator of community responses to human 
pressures4. In our study, we quantified 
the temporal trends in body size spectra 
for stream fish in wild communities and 
assessed the interaction effects of climate 
warming and other human pressures on 
these temporal dynamics.

The observation

We conducted an empirical study using 
an extensive biomonitoring dataset that 
comprises individual body-size measure-
ments for nearly 5 million fish, collected 
during 9,748 fish surveys over more 
than 20 years in 583 stream locations 
across France5. First, we calculated the 
slope of the body size spectrum for each 
community and each sampling year in 
all stream locations and explored the 
temporal changes in the slope (Fig. 1a). 
Then, we identified the environmental 
drivers of these changes using databases 
of measurements of the environmental 
conditions around each stream location. 
We hypothesized that the annual trends 
of size spectra would be more negative 
(that is, increased numerical abundance 
of small-bodied individuals over time) 
with increasing temperature over the  
past 20 years. However, we also expected 
that this effect would be modulated by 
other human perturbations acting on 
streams2.

Our analyses show that, as predicted, 
climate warming (Fig. 1b) had a negative 
effect on the community size spectra 
for streams with low levels of human 
pressures, and this effect was associ-
ated with an increased abundance of 
small‐bodied individuals and a decreased 
abundance of large‐bodied individuals. 
However, climate warming had the op-
posite effect in streams with high levels of 

human pressures (Fig. 1c), which had an 
increased number of large-bodied and re-
duced numbers of small-bodied individu-
als. Our findings reveal a re-configuration 
of the body size structure of stream 
fish communities over a long temporal 
scale, driven by the interaction between 
climate warming and other human 
pressures (Fig. 1c), suggesting that the 
general assumption that climate warm-
ing results in a decreased individual body 
size does not always hold true when other 
human-induced pressures are at play.

The interpretation

Our findings have important implica-
tions for ecosystem functioning because 
several ecosystem processes, including 
trophic transfer efficiency and energy 
fluxes, are linked with body-size spec-
trum theory3. In streams with low levels 
of human pressures, the decline in the 
number of large-bodied fish may be at-
tributed to shifts in consumer–resource 
dynamics and a decrease in food chain 
length, as large-bodied individuals tend 
to have higher trophic positions than 
smaller-bodied individuals.

Although we found an interaction ef-
fect between climate warming and other 
human pressures, it was challenging to 
identify the specific determinant of these 
interaction effects because we quantified 
human pressures using an integrative 
index that consolidates multiple types 
of human activities. Fish stocking and 
biological invasions might be responsi-
ble for disrupting the negative effects 
of climate warming on fish size spectra, 
as non-native individuals and legally 
stocked individuals tend to be larger 
in body size than individuals in native 
populations in streams across France. 
However, fish stocking is not monitored 
in France (and in other countries), which 
makes it particularly difficult to assess 
the ecological effects of this common 
management practice.

An important research avenue would 
be to understand the direct link between 
the body size spectrum and ecosystem 
functioning, as body size is commonly 
measured in biomonitoring programmes 
and should continue to be part of  
biodiversity monitoring, as it provides 
unique insights into the complex  
response of wild communities and  
ecological processes to global  
environmental changes.
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Fig. 1 | Annual trends in fish size spectra and climate warming, and interactions with human pressures. 
a,b, Annual trends in size spectrum slopes (a) and summer water temperature (b) across streams in France 
for the period 1994–2018. Histograms show the frequency distribution for each variable; significant  
(P < 0.05) and nonsignificant (P > 0.05) trends are depicted by dark grey and light grey bars, respectively; 
dashed line indicates no temporal change; black lines in legend are the average for each variable.  
c, Interaction effect of climate warming and human pressures on annual trends in fish size spectra. Colour 
lines indicate increasing levels (blue to red) of human pressures. Circles correspond to individual stream 
locations. © 2023, Arranz, I. et al.

expeRt opinion

“The study covers both a large geographical 
region (countrywide; France), an extensive 
time period (two decades) and multiple 
taxa (65 fish species). I am unaware of any 
empirical studies of this scale for inland 
stream size spectra. The interactions 

between climate warming and other human 
pressures are really interesting, and future 
studies should take care when interpreting 
these drivers individually in size spectrum 
analyses.” Freddie Heather, University of 
Tasmania, Hobart, Tasmania, Australia.

Behind the papeR

This work is part of a project that aims to 
quantify the importance of measuring 
individual body size in biomonitoring 
surveys and, more generally, of 
investigations aiming to understand the 
responses of fish communities to global 
environmental changes and the relationship 
between biodiversity and ecosystem 
functioning in fresh waters. The start of 
the project was challenging owing to 
the COVID-19 pandemic, which made it 

difficult for all of the scientists involved to 
make progress. Overall, these findings and 
those from companion studies highlight 
the importance of continuing to monitor 
organism body size to fully comprehend the 
effect of global environmental changes on 
biodiversity. This work would not have been 
possible without the contribution of our 
colleague and coauthor Gaël Grenouillet. 
I.A. & J.C.

fRom the editoR

“Although we know from mostly marine 
studies that climate change will affect 
fish body size, these changes are not 
straightforward, and we also have very little 
idea of how freshwater fish will be affected. 
This paper fills that gap, with over 20 years’ 
worth of data on freshwater fish in France, to 
show that the complicating factor is human 
pressures, which interact with climate 
warming to modulate size spectrum slopes.” 
Editorial Team, Nature Ecology & Evolution.
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