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Response to environmental perturbations can differ 
among different taxonomic groups, across habitats 
and ecosystems. Accordingly, knowledge of taxon-
specific response and uncertainty is essential for de-
signing robust and cost-effective monitoring. It is 
not only necessary to know the strength of pressure-
response relationships, but also if there are threshold 
effects. Thresholds are facilitating the definition of the 
border between a desired and undesired ecosystem 
state and could thus be an important tool in environ-
mental protection and management.

Deliverable D 4.3-1 is made of two scientific articles 
published in a PhD thesis dealing with the compari-
son of pressure-response relationships of different or-
ganism groups and the detection of thresholds. 
D 4.3-1a is focusing on the “Response of aquatic or-
ganisms to gradients of nutrients and acidity in boreal 
lakes” (Gottschalk & Kahlert 2014) and D 4.3-1b with 
“Ecological thresholds of benthic diatoms and phyto-
plankton to nutrients in boreal lakes” (Gottschalk & 
Kahlert 2014).

D 4.3-1a compares the efficiency of benthic diatoms, 
phytoplankton and littoral macroinvertebrates for 
assessment of the ecological status of nutrient-poor 
boreal lakes. Phytoplankton assemblages responded 
most strongly to a TP gradient, followed by macroin-
vertebrate and benthic diatom assemblages. Primary 
producers showed the closest relationship to pH, with 

benthic diatoms being stronger correlated to pH than 
phytoplankton. Macroinvertebrates showed a weak 
relationship to pH. Indices based on primary produc-
ers had the strongest relationship to the TP gradient 
(phytoplankton total biomass and chl a) and acidity 
(diatom index ACID). Overall, primary producer as-
semblages and indices were the most efficient indica-
tors of water quality in our study and are thus recom-
mended for the assessment of impairment of water 
quality in nutrient-poor boreal lakes.
 
D 4.3-1b tests if phytoplankton and benthic diatom 
assemblages display distinct thresholds along a total 
phosphorus (TP) gradient in Swedish lakes. Thresh-
old Indica-tor Taxa ANalysis (TITAN) was used to 
detect thresholds in the taxonomic composi-tion of 
both groups and selected functional traits for benthic 
diatoms. Distinct changes in primary producer assem-
blages were found at relatively low TP concentrations 
indicating that even minor TP shifts at low nutrient 
levels result in significant changes in the structure and 
function of aquatic primary producers. Phytoplank-
ton displayed a higher TP threshold (31.3 μg L-1) 
than nutrient tolerant benthic diatoms (25.6 μg L-1), 
indicating shifts in benthic diatom assemblages be-
fore planktonic communities responds to increasing 
nutrient levels. Caution should be exercised in inter-
preting the response of many species to nutrients, as 
many of the nutrient sensitive `indicator´ diatom spe-
cies are also acidophilic or acidobiontic and observed 
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nutrient thresholds might indicate change points that 
co-vary with pH. 

As a consequence for management, benthic diatoms 
should be used when the main focus is to monitor 
acidity in lakes, and to detect early changes of nutri-
ent (TP) levels. Ongoing studies within the Europe-
an phytobenthos intercalibration work are now also 
comparing the response of different autotrophic or-
ganism groups, including macrophytes, all over Eu-

rope. Both the Swedish and the European comparison 
studies point out that not only the metric response 
should be taken into account when decid-ng for an 
organism group, but that different organism groups 
are integrating different space and time and are thus 
not indicating the same ecology within an ecosystem. 
Fur-thermore, one should also consider sample effort, 
which is much lower for benthic diatoms than for any 
other organism group, including plankton.


