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Biomonitoring of freshwaters
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Biomonitoring

Integrate spatial + temporal alterations of water quality 

Ecological responses to environmental impacts 

(structural + functional) 

EU Water Framework Directive - Denmark

Fauna: Fish

Macroinvertebrates

Flora: Macrophytes

Phytoplankton (lakes)

Benthic algae
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SID_TID benthic algal index (Andersen et al., 2018)

To assess ecological status in Danish running waters 

(eutrophication, e.g., orthophosphate - PO4-P)

2013 - 2016

524 monitoring stations in streams - 100m reaches 

Other physical-chemical monitoring measures

1 taxonomic group: Diatoms (Bacillariophyceae) to species level

Environmental variables to Diatom composition
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https://omnidia.fr
Ecological Indices + Statistics for Diatoms

18 Diatom Indices tested
species sensitivity to eutrophication

(Andersen et al., 2018 )

Diatom composition responses to environment 

Main environmental gradients (DCA analysis)

PO4-P + alkalinity + organic matter

Correlation of indices to environmental gradients

Saprobic Diatom Index + Trophic Diatom Index: SID_TID
explained highest variance (26%) of PO4-P concentration

Indices used (alone or combined) in several EU countries
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Diatom Species Responses to PO4-P 
Thresholds of compositional changes (TITAN)

Intercalibration Common Metric (ICM) 
by ranges of water quality

(Lecointe et al., 1993; Kelly et al., 2009; Kalyoncu & Serbetci 2013; Andersen et al., 2018 )

Intercalibration with other indices for EU-WFD countries

Consistency on ecological status evaluation
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Diatom species composition >> SID_TID benthic algal index 

is influenced both by 

PO4-P + Alkalinity 

> fail to achieve good ecological status due to high alkalinity

(regardless of PO4-P)

Difficult to disentangle effects of natural-influenced alkalinity

from human-driven eutrophication. 

Field survey + experiments: diatom species  + to Alk and  - to PO4-P

(Baattrup-Pedersen, et al., 2021; Baattrup-Pedersen, et al., 2022) 7



Purpose:  

To disentangle the role of alkalinity from PO4-P on the 

probability of achieving good ecological status (SID_TID) 

on Danish watercourses

To evaluate the ability of target diatom species to separate the 

influence of alkalinity from PO4-P on SID_TID assessments
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Technical implementation:

1. Literature review on the co-variation of alkalinity and PO4-P in freshwaters (ISI-web of knowledge + Google)

2. Physicochemical + diatom data compilation 2013 - 2020 Danish streams

Overfladevandsdatabasen (ODA) + Miljøstyrelsen –OMNIDIA

3.   SID_TID index along gradients of alkalinity and PO4-P

4.   Target diatom species (high alkalinity + low PO4 from previous studies ) 

to alkalinity + PO4-P gradients  (larger dataset)

5.   Empirical relationship between SID_TID to alkalinity > 

developed probability models of achieving good ecological status / 

critical alkalinity levels – interference to assess eutrophication

9(https://omnidia.fr/en/; Pacheco et al., 2023)

https://omnidia.fr/en/


Total n= 1036 sample sites / times

2013 - 2020

Physicochemical (Alkalinity + PO4-P) 
+ 

Benthic algae data (species + SID_TID)
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Review: 

Diatom species were associated to high alkalinity (alkaphilic species) regardless 
PO4-P or negatively associated > supporting previous findings

Frequent association of PO4 and alkalinity

Some associations with eutrophication - salinization – alkalinization processes  
> worldwide pattern

Natural causes + human influence. 
E.g., weathering of sedimentary rocks influenced by land use / fertilizers
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Equation Formula Adjusted R2 F p DF

lm (LogPO4 ~ Log Alk) LogPO4= -3.876+0.756*LogAlkalinitet 0.41 696.5 <0.001 1016

lm (log BI5 ~ Alk) LogBI5= -0.242+0.126*Alkalinitet 0.19 230.7 <0.001 999

Alkalinity PO4-P BI5
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SID_TID Alkalinity PO4-P

Equation Formula Adjusted R2 F p DF

lm (SID_TID ~ Log Alk) SID_TID= 2.138 +0.480*LogAlkalinitet 0.28 394.9 <0.001 1016

lm (SID_TID ~ Log PO4) SID_TID= 2.775 +0.142*LogPO4 0.18 223.4 <0.001 1016
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Species 

abbreviation
Species name

Indicator 

value for 

alkalinity

Regression slope F-value

NINT Nitzschia intermedia 0,512* 0,808 7,56**

SACU Synedra acus 0,486* 1,236 16,12**

NREC Nitzschia recta 0,476* 1,273 6,91*

DTEN Diatoma tenue 0,438* 0,754 41,83***

NLIN Nitzschia linearis 0,41** 1,199 41,79***

(Baattrup-Pedersen, et al., 2021; Baattrup-Pedersen, et al., 2022) 

Alkalinity PO4-P

Only poor related or no significant responses
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Probability model > Alkalinity

Probability
of target

fulfillment

Alkalinity
(mEq/L)

< 5% 4.352

25% 3.737

50% 3.362

75% 3.024

> 95% 2.597

Expected Quality Reference for SID_TID index (SID_TID < 2.39)

Model: R2 = 0.28, F= 400.92, p-value < 0.001, DF= 1022 15



Main messages: 

SID_TID is a useful index to evaluate ecological conditions on running waters (e.g. eutrophication)

However, it can be drastically influenced by alkalinity (confounding factor)

Frequent association of PO4-P and alkalinity – affects biomonitoring capacities

Association: eutrophication + salinization + alkalinization
Natural causes (lithology) + human influence: agriculture, fertilizers, etc.

Emergent environmental process worldwide - not sufficiently studied in Denmark
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Main messages: 

SID_TID is a useful index to evaluate ecological conditions on running waters (e.g. eutrophication)

However, it can be drastically influenced by alkalinity (confounding factor)

Frequent association of PO4 and alkalinity

Association: eutrophication + salinization + alkalinization Natural causes (lithology) + human 
influence: agriculture, fertilizers, etc.

Emergent environmental process worldwide - not sufficiently studied in Denmark

2013 - 2020

3.07 - 14 mEq/L

1977 - 1989

0.59 - 2.24 mEq/L
Average: 300 %
Higher values: 700 %

Possible alkalinization of Danish streams

Pacheco et al., 2023Rebsdorf et al., 1991
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Physicochemical variables  

 Alkalinity 
Ammonia + 

ammonium 

Nitrite + 

Nitrate 

Total 

Nitrogen 

Ortho-

phosphate 

Total 

Phosphorus 
BI5 

Catchment 

area 
 

 

 NH₄⁺ 

+ NH3 

NO2- 

+ NO3- 
TN PO4

3- TP    

 
(mEq/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (km2)  

Average 3.04 0.117 2.858 3.214 0.063 0.123 1.30 64.12  

Median 2.90 0.054 2.241 2.630 0.041 0.093 1.15 18.63  

          

Biological variables 
 

SID_TID 
Species 
number 

Shannon´s 
Diversity 

Evenness NINT SACU NREC DTEN NLIN 
Total 

abundance 

 
          

Average 2.32 31 3.24 0.66 0.08 0.97 0.40 2.46 1.00 5.2 

Median 2.34 30 3.24 0.68 0 0 0 0 0 2.0 
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Equation Formula Adjusted R2 F p DF

lm (NINT ~ Alk) NINT= 0.024 + 0.0190 * Alkalinitet 0.002 2.80 0.09 1020

lm (SACU ~ Alk) SACU= 0.301 + 0.219 * Alkalinitet 0.012 13.87 <0.001 1020

lm (NREC ~ Alk) NREC= 0.238 + 0.052 * Alkalinitet 0.004 5.02 0.022 1020

lm (DTEN ~ Alk) DTEN= 3.267 - 0.267 * Alkalinitet 0.001 2.28 0.131 1020

lm (NLIN ~ Alk) NLIN= -0.34 + 0.439 * Alkalinitet 0.030 32.84 <0.001 1020

lm (Total ~ Alk) Total= 3.490 + 0.461 * Alkalinitet 0.003 4.33 0.038 1020

lm (NINT ~ PO4) NINT= 0.070 + 0.185 * PO4 -0.001 0.48 0.488 1020

lm (SACU ~ PO4) SACU= 0.847 + 1.987 * PO4 0.001 2.03 0.155 1020

lm (NREC ~ PO4) NREC= 0.317 + 1.311 * PO4 0.005 5.88 0.015 1020

lm (DTEN ~ PO4) DTEN= 2.347 + 1.801 * PO4 0.001 0.19 0.667 1020

lm (NLIN ~ PO4) NLIN= 0.767 + 3.721 * PO4 0.003 4.12 0.043 1020

lm (Total ~ PO4) Total= 4.348 + 9.006 * PO4 0.002 2.96 0.086 1020 22
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gam (Ln Alk ~ Ln PO4) Residuals OK, Very strongly correlation

Approximate significance of smooth terms:
edf Ref.df F p-value

s(lnPO4) 4.435  5.319 170.6  <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

R-sq.(adj) =  0.471 Deviance explained = 47.4%
-REML = 901.89  Scale est. = 0.33962   n = 1018 25



ICM = (EQR_IPS + EQR_TID) / 2

EQR (index) = observed index 
value/reference value for index

IPS (Specific Pollution

Sensitivity Index; Coste in 

Cemagref, 1982)

TID (Trophic Index, Rott et al.
1999)
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