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A Proposed Aquatic Plant Community Biotic index

for Wisconsin Lakes

STANLEY NICHOLS®

Wisconsin Geological and Natural History Survey
3817 Mineral Point Rd.

Madison, Wisconsin 53705, USA

STEVEN WEBER
1605 Lake Las Vegas Parkway
Henderson, Nevada 89011, USA,

BYRON SHAW

College of Natural Resources
University of Wisconsin-Stevens Point
Stevens Point, Wisconsin 54481, USA

ABSTRACT / The Aquatic Macrophyte Community Index
(AMCH) is a multipurpose tool develeped to assess the biologi-
cal quality of aquatic plant communities in lakes. !t can be
used to specifically analyze aquatic plant communities or as
part of a multimetric system to assess overall lake quality for
regulatory, planning, management, educational, or research
purposes. The components of the index are maximum depth
of plant growth; percentage of the littoral zone vegetated;
Simpson’s diversity index; the redative frequencies of sub-

mersed, sensitive, and exotic species; and taxa number, tach
parameter was scaled based on data distributions from a
statewide database, and scaled values were totaled for the
AMCI value. AMCI values ware grouped and tested by ecore-
gion and lake type (natural lakes and impoundments) to define
quality on a regional basis. This analysis suggested that
aquatic plant communities are divided into four groups: {1}
Northerm Lakes and Forests lakes and impoundments, (2)
North-Central Hardwood Forests lakes and impoundments,
(3) Southeastern Wisconsin Till Plains lakes, and (4) South-
eastern Wisconsin Till Plains impoundmenits, Driftless Arsa
Lakes, and Mississippi River Backwater lakes. AMCI values
decline from group 1 to group 4 and reflect general water
quality and human use trends in Wisconsin. The upper quartile
of AMCI values in any region are the highest quality or bench-
mark plant communities. The interquartile range consists of
normally impacted comrmunities for the ragion and the lower
quartile contains seversly impacted or degraded plant com-
munities. When AMCI values were applied to case studies, the
values reflected known impacts 10 the lakes. However, quality
criteria cannot be used uncritically, especially in lakes that ini-
tially have low nutrient levels.
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Development of a macrophyte-based index of biotic integrity for
Minnesota lakes

Marcus W. Beck?-*, Lorin K. Hatch?, Bruce Vondracek?, Ray D. Valley¢©

2 Conserviation Biology CGraduate Program, 187 MdVeal Hall, 1985 Buford Avenue, St. Paul, MN 55108, UsA
b 1% Geological Survey, Minnesota Cooperative Fish and Wildlife Research Unit’, 1980 Fohwell Ave, St. Poul, MN 55108, USA
£ Minnesota Department of Natural Resouwrces, Diviston of Fish and Wildlife, 1200 Warner Road, St. Paul MN 55106, USA

ARTICLE INFO ABSTRACT
Article history: Traditicnal approaches for managing aquatic resources have often failed to account for effects of anthro-
Received 22 November 2009 pogenic disturbances on biota that are not directly reflected by chemical and physical proxies of

Received in revised form 7 February 2010

environmental condition. The index of biotic integrity (IBI} is a potentially effective assessment method
Accepted 14 February 2010

to integrate ecological, functional, and structural aspects of aquatic systems. A macrophyte-based 1Bl was
developed for Minnesota lakes to assess the ability of aguatic plant communities to indicate environmen-

Kqurd‘s: tal condition. The index was developed using quantitative point intercept vegetation surveys for 97 lakes
:?D%:;;E:;igggﬂhﬂ?t that represent a range of limnological and watershed characteristics. We followed an approach similar
Bl to that used in Wisconsin to develop the aguatic macrophyte community index Eﬂ!ﬂ 5 Eeglunﬂ aaap-
Lake monitaring tation of the required the identification of species representative of macrophyte communities in
Metrics Minnesota. Metrics and scaling methods were also substantially modified to produce a more empirically
Point intercept robust index. Regression analyses indicared that [B] scores reflected statewide differences in lake trophic

state (R2=0.57, F=1303, df=1, 95, p< 0.005), agricultural {2 =0.51, F=83.0, df=1, 79, p<0.005), urban
(R?=0.22,F=23.0,df=1, 79, p<0.005), and forested land uses (K2 =0.51,F=84.7, df=1, 79, p<0.005), and
county population density (R*=0.14, F=16.6, df=1, 85, p<0.005). Variance partitioning analyses using
multiple regression models indicated a unigue response of the [Bl to human-induced stress separate from
a response to natural lake characteristics. The [Bl was minimally affected by differences in sample point
density as indicated by Monte Carlo analyses of reduced sampling effort. Qur analysis indicates that a
macrophyte [Bl calibrated for Minnesota lakes could be useful for identifyi iffer i i

condition attributed to human-induced stress gadjents.

© 2010 Elsevier Ltd. All rights reserved.
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Macrophyte Index
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Specie radicate flottanti,
flottanti e sommerse.
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Aquatic macrophytes as tools for lake management

Armmlf Melzer

Abstract

Aquatic macrophytes can serve as useful indicators of water pollution along the littoral of lakes. In Bavaria, the sub-
merged vegetation of about 100 lakes has been investigated by SCUBA diving over the past decade fo evaluate the
state of nutrient pollution. All lakes are marl lakes located in the northern calcareous alps and the prealpine region.
The lakes differ in size, morphology. water residence time, nutrient loading, trophic status, recreational activities,
 characteristics. In all cases the entire shoreline of the lakes has been investigated. Among the investigated
lakes are the three biggest Bavarian lakes. i.e. Lake Chiemsee, Lake Starnberg and Lake Ammersee. Mapping of
the submerged vegetation occurredin four different depth zones. and variable shoreline sections. The length of
each section was determined by the uniformity of the vegetation: as it changed. a new section was designated.
Within each section and zone species were recorded and abundance of all observed macrophytes was estimated
semi-quantitatively on a five-point scale. Nine different groups of macrophytes were recognised. including, in
total, 45 different species of macrophytes. On the basis of this catalogue of indicator species, in combination with
the abundance of the species. a ‘macrophyte index” was devised, which ranges from 1 (unpolluted) to 5 (heavily
polluted). Six groups of values of the macrophyte index. each represented by a different colour or grey-scale (in
this publication). are presented to allow a clear illustration of the results. Important information for the successful
restoration of lakes in Upper Bavaria has been obtained from the distribution patterns of the submerged vegetation.
Many unknown waste water inflows or diffuse sources could be detected due to abrupt changes in the macrophyte
index. Furthermore, the success of waste water removal by ‘ring canalisation’, resulting in a re-oligotrophication
of many Bavarian lakes can be followed by changes in the macrophyte index.
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Introduction

Auguatic macrophytes in the littoral zomes of lakes have
two fundamental properties which make them attract-
e a5 imnological indicators. In the first instance,
they react slowly and progressively o changes in
muirient conditions, in contrast to bacteria and micro-
algae, ie. over several years. Macrophytes therefore
fumction as integrators of environmentsl conditions
to which they are subjected and thus can be nsed as
lonz-term indic ators with high spatial resohotion.
Secondly, the littoral zone may experience patierms
of mutrient {(and polhitant) concentrations (Dave, 1997;
Dirake & Heaney, 1987). cansed by natural or artifivd

muirient loading ocours in the land—wrater ecotone, pro-
erammes for the restoration of lakes are dependent
on relishle data which give insight into guality and
quanfity of mumient loading. Early imvestizations in
Srandinavia have shown that aquatic macophytes re-
flect the outrient status of their immediate habitat by
their presence/sbsence and abundance and thms can be
effectively used as biological indicators (Snominen,
1948; Thotila, 1971).

In Ceniral European lakes, the disappearance of
a mumber of species a5 a8 consequence of rapid en-
rophication has been recorded over the past three
decades (Lachavanme & Wattenhofer, 1975; Lanz,
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Macrophyte Index

Table 1. Classification of 45 submerged and free-floating macrophyte species into nine indicator groups

Group 1.0 Group 1.5 Group 2.0 Group 2.5 Group 3.0 Group 3.5
Chara hispida Chara aspera Chara delicatula Chara contraria Chara vulgaris Myriophylium verticillatum
Chara polyacantha Chara intermedia Chara tomentosa Chara fragilis Mywiophylium spicatum  Potamogeton berchtoldii
Chara strigosa Utricularia minor Potamogeton alpinus Nitella opaca Potamogeton filiformis  Potamogeton lucens
Potamogeton coloratus Nitellopsis obtusa Potamogeton perfoliatus Potamogeton praelongus
Utricularia ochrolenca Potarnogeton gramineis Potamogeton pusilius
Potamogeton natans
Strettamente 2
. Potamogeton < dzii
\ eligetrofe /
Group 4.0 Group 4.5 aroup 5.0
Fontinalis antipyretica  Callitriche cophocarpa | Ceratophyllum demersur
Hippuris vulgaris Elodea canadensis Zannichellia palustris
Lagarosiphon major Elodea nuttallii Potamogeton mucronatis
Potamogeton pectinatus FPotamogeton crispits Sagittaria sagi
Potamogeton obtusifolins, Lemna minor Y= )(3
Ranunculus circinatus Spirodela polyrhiza

Ranunculus trichophylins  Potamogeton nodosis

Strettamente
- Consiglio Nazionale delle Ricerche eULroTE
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Macrophyte Index S o Ly Qu—-
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Za—g QG—Z

Group 1.0 Group 1.5 Group 2.0

[ ]
Chara hispida Chara aspera Chara delicatuia Q S p e c I e d a I I a a
Chara polyacantha Chara intermedia Chara tomentosa 3

Chara strigosa Utricularia minor Potamogeton alpinus

Potamogeton coloratus a I I a z

Utricularia ochrolenuca

Q specie dalla a
alla z
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Figure 3. Macropiryie index of Lake Chiemses
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Bavarian Environment
A2 Agency

Reference Index

4 zone di campionamento (0-1,
1-2, 2-4 e > 4 m), ma puo essere
necessario andare oltre i 4 m.

Transetti di numero variabile,
posizionati in base all’'uso del

suolo. Action Instructions for the
4 ecological Evaluation of Lakes

for Implementation of the EU

Specie presenti in punti (GPS)

| il t tt @ Water Framework Directive:
ungo Il transetto. @ Makrophytes and Phytobenthos
Abbondanza in ciascun transetto 6@3 April 2007

calcolata come Melzer. EP@

Campionamento con strumenta-

zione specifica o con subacquei. e i

Specie radicate flottanti, Or Ders stelzer

Massima profondita di crescita. flottanti @ sommerse, e e
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Surface of water Number of Bavarian Environment
body transects Agency
Reference Index <05k
0,5-2,0km2 4-8
4 zone di campionamento (0-1, 0 O & %8
1-2, 2-4 e > 4 m), ma puo essere e &g
necessario andare oltre i 4 m. 0= kv 8-15
o . . . 20 - 50 km?2 10 - 20
Transetti di numero variabile, <
50 - 100 km?2 20-30

posizionati in base all’'uso del
= 100 km? 30-50

suolo. 1 Instructions for the
4 ecological Evaluation of Lakes

for Implementation of the EU

Specie presenti in punti (GPS)

| il t tt @ Water Framework Directive:
ungo Il transetto. @ Makrophytes and Phytobenthos
Abbondanza in ciascun transetto 6@3 April 2007

calcolata come Melzer. EP@

Campionamento con strumenta-

zione specifica o con subacquei. e i

Specie radicate flottanti, Or Ders stelzer

Massima profondita di crescita. flottanti @ sommerse, e e
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Surface of water Number of Bavarian Environment
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Specie presenti in punti (GPS) ,  forImnlementatinn nf the EU
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Reference Index

Se una specie non e in
questa lista non deve
essere utilizzata. Se le
specie non menzionate
sono 2 25% l'indice non
puo essere applicato.

. Consiglio Nazionale delle Ricerche
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Tipi laghi
AK(S) | Akp | MTS |TKg10 | TKg13| TKp
Butomus umbellatus (flutend) B B B
Callitriche hermaphroditica B B B B B B
Ceratophyllum demersum 0-1m C C C _
Ceratophyllum demersum =1m C c C E B B
Ceratophyllum submersum B

Chara aspera

Chara contraria 0-1m

Chara contraria 1-2m

Chara contraria 2-4m

Chara contraria =4m

Chara delicatula 0-1m

Chara delicatula 1-2m

Chara delicatula =2m

Chara denudata

Chara filiformis

Chara globularis 0-1m

Chara globularis 1-2m

Chara globularis 2-4m

Chara globularis =4m

Chara hispida

Chara intermedia

Chara polyacantha

Chara rudis

Chara strigosa

(Chara tomentosa
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Reference Index

Se una specie non e in
questa lista non deve
essere utilizzata. Se le
specie non menzionate
sono 2 25% l'indice non
puo essere applicato.

Tipi laghi

Ceratophyllum submersum

AK(S) | Akp | MTS |TKg10 | TKg13| TKp
Butomus umbellatus (flutend) B B B
Callitriche hermaphroditica B B B B B B
Ceratophyllum demersum 0-1m C C C _
Ceratophyllum demersum =1m C c C E B B
B

Chara aspera

Chara contraria 0-1m

Chara contraria 1-2m

Chara contrarda 2-4m

Rl =

ZA:QAi _ZC:QCi

=l %100

>0

gl

Abbondanza media nel

* Consiglio Nazionale delle Ricerche
5 &d Istituto per lo Studio degli E

Chara polyacantha

Chara rudis

Chara strigosa

(Chara tomentosa
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Reference Index

Esistono dei criteri di utilizzo e criteri aggiuntive per il calcolo dell’indice a seconda del tipo di lago.

Il Reference Index ¢ il solo modulo per le macrofite e c’@ un modulo per il fitobentos la combinazione
dei 2 fornisce la determinazione dello stato ecologico di un ambiente.

(R[S%n o l OO) e O_., 5 Myp = Module Macrophyte Assessment
M — ’ Rlgomiares = type specifically calculated Reference
ot 100 Index spen.akes
_ M MP 7+ M D M&P,,., = Macrophyte & Phytobenthos-Index for lakes
M & P Seen/ == Myp = Module Macrophytes
een/ Lakes )
2 Mp = Module Diatoms

Consiglio Nazionale delle Ricerche
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Reference Index

MATHES et al. (2002) Type 1 Types 2, 3, 4
Macrophytes AKp AK(s)
Diatoms D 1.2 D 1.1 D 1.2
Ecological status class

1 1,00 - 074 100 - 081 100 - 074

3 l.047- 025]<054 - 028 <047 - 025

Consiglio Nazionale delle Ricerch
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Vegetation communities of British lakes:
P LEX (Plant Lake Ecotype Index) a revised classification
Dataset di 3447 laghi.

Specie radicate flottanti,
liberamente radicate e radicate.

Intera linea di costa campionata.

Utilizzata la classica
strumentazione.

Abbondanza valutata semi-
guantitativamente con scala
DAFOR: D = Dominant; A

= Abundant; F = Frequent; O =
Occasional; R = Rare
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PLEX

J. bulbosus 1

n=3447

J. bulbosus 1_—

Sphagnum sp. 1
L. unifiora 2

N. alba 1
BT
C1 c2

Figure 3.2. Dendrogram of TWINSPAN analysis showing major groups A-J
The differentiating plant taxa are shown on the branches.

R. maritima 1
I~ P, pectinatus 1

P. polygonifolius 1 e
(Plant Lake Ecotype Index) i T —
M. alterniflorum 1 n=3412 n=35
L. dortmanna 1 P
5. an:gusrﬁ'faﬁum 1 L. minor 1
e J
e Chara sp. 1
_ L. uniffora 1 | u; -
n=2779 M. alterniflorum 1 n=833 M. spicatum 1
P. natans 1 —,'—HRP_ filiformizs 1
L. dortmanna 1 L. minor 1 P. pactinatus 1
Sphagaunap::1 P. polygonifolius 1 i P. pusiflus 1
n=223 n=2557 P amphibia 1 n=430 n=203
E. canadensis 1
L. dertmanna 1 Nitella sp. 1 L. miror 1
A J. bulbosus 1 C. hamulata 1 N. lutea 1 ) I
P. polygonifalius 2 E. antipyretica 1 P. natans 1 Q. futtans 1
G. fluitans 1 C. stagnalis 1
n=2001 n=101
L. unifiora 1 |I Chara sp. 1 F. natans 1 H
M. alterniflorum 1 Nitelia 1 P. perfoliatus 1 : G. fluitans 1
Sphagnum sp. 1 L. dortmanna 1 C. hamulata 1 P. filiformis 1 x Ir;:]aaz! E. canadensis 1
I. lacustris 1 | P. gramineus 1 < ? F. crispus 1
5. angustifolium 1 | P, oblusifolius 1
|
v v N v
n=426 n=1575 n=370 n=186 n=48 n=281
P. natans 1
M. alterniflarum 1
F. polygonifolius 1
B L. dertmanna 2 D E F G
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PLEX (Plant Lake Ecotype Index)

First, each TWINSPAN end group was assigned to
one of five ecotype categories: dystrophic lakes with low
plant diversity (Group A); heathland-associated soft
waters in the lowlands and mountains (Groups B & C);
circumneutral, mid to low altitude lakes with a diverse
assemblage of plants (Groups D and E); hardwater,
lowland lakes with low to moderate plant diversity
(Groups F, G and H); and hardwater, lowland lakes with
Chara (Group I). Brackish water sites (Group ]) were
excluded, as in Palmer et al. (1992). Any species with
fewer than 25 non-brackish occurrences was also
excluded.

V - Dystrophic lakes, with low plant diversity;

W - Heathland-associated soft waters in the lowlands
and mountains, with low plant diversity;

X - Mid to low altitude lakes, with a diverse
assemblage of plants;

Y - Hardwater, lowland lakes, with low to moderate
plant diversity;

Z - Hardwater, lowland lakes with Chara.

-
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Ecotype code PLEX Value
\

v

w (adjacent to V or v)

W (or w withno V, v, X or x)
w (adjacent to X or x)

x (adjacent to W or w)

X (or x withno W, w, Y or y)
x (adjacent to Y or y)

R =T - Tt B = O O L o I

v (adjacent to X or x)

fay
=

Y (or y with no X, x, Z or z)

=
oy

y (adjacent to Z or z)

ke
]
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AI M (Austrian Index Macrophytes)

Hydrobiologia (2009) 633:83-104
DOT 10.1007/s10750-009-9871-0

EUROPEAN SURFACE WATERS

Austrian Index Macrophytes (AIM-Module 1) for lakes:
a Water Framework Directive compliant assessment system
for lakes using aquatic macrophytes

Karin Pall - Veronika Moser

Published online: 29 July 2009
@ Springer Science+Business Media B.V. 2009

Abstract We describe a new macrophyte-based
assessment tool for Austrian lakes elaborated accord-
ing to the requirements of the European Water
Framework Directive. Data from 38 out of 45,
WED-relevant (=50 ha) lakes in Austria collected

with the help of a new mapping procedure form the

L]

zones. As a result of alteration of the shoreline,
artificial water level fluctuations or wave action and
even eutrophication, specific zones can be missing.
The metric “characteristic zonation™ helps to check,
it all type-specific vegetation zones are present. The
metric “trophic indication” uses the Macrophyte

- 1 "~ = ax 1 T 1 LR A s
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MacrolMMI (Macrophytes Italian MultiMetrics Index)
L-AL4 L-AL5 e L-AL6

somtexot+S,+s, +z

C—max

Macroimi =222 Texolt 3, TS MacroIMMI - 3
4

MTI (Macrophytes Trophic Index species)

L-AL3
Z Ak "V, dove:
MT] T A, . abbondanza della specie k;
species K
z Ak v, valore trofico della specie k;
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Premesse

L’indice proposto e stato prodotto:
 utilizzando dati storici

* dati provenienti da ambienti lacustri sud-
alpini < 800 m

 ambienti lacustri di piccole dimensioni
e con profondita inferiore a 125 m

* soli ambienti non alterati (no invasi)

* tipologia L-AL4, L-ALS e L-AL6

Consiglio Nazionale delle Ricerche _ :
5 &d Istituto per lo Studio degli Ecosistemi, Verbania Pallanza : . www.ise.cnr.it-— www.iii.to.cnr.it



Utilizzo dati storici

* Comparabilita metodologica: utilizzati solo
quelli prodotti con lo stesso metodo

e Comparabilita nei valori di abbondanza forniti:
qguesti valori erano indicati come abbondanza
di una specie nel lago

Abbondanza relativa con valoridal1l a4
Metodo a transetto

- Consiglio Nazionale delle Ricerche : _
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| numeri ...

¢ 18 Iaghl (Alserio, Annone Est - Oggiono, Annone Ovest, Comabbio,

Endine, Ghirla, Monate, Piano, Pusiano, Sartirana, Varese, Moro, Segrino,
Montorfano, Mezzola, Pozzo di Riva, Candia e Viverone)

* dal 1971 al 2007

* 41 campagne

* 25 specie

5 Forme di colonizzazione: radicate flottanti,
radicate sommerse, radicate anfibie

(Polygonum amphibium), natanti foglie
galleggianti e mfracquatlche
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| numeri ... dataset

Alserio k Alserio Alserio Alserio Alserio Alserio Annone Est (Oggiono)
Forma di colonizzazione Alserio 1972-1973 Alserio 1984 Alserio 1999 Alserio 2003 Alserio 2006 Alserio 2007 Annone Est (Oggiono) 1972-1973 /
Callitriche stagnalis I Rad FI 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ceratophyllum demersum |Rad S 2.0 3.0 0.0 2.0 2.6 0.8 3.0
Chara sp. IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elodea canadensis I Rad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Groenlandia densa IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hottonia palustris IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrocharis morsus-ranae | Nat Fl 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lagarosiphon major IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lemna minor I Nat FI 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Myriophyllum spicatum IRad S 4.0 4.0 0.0 0.0 0.0 0.0 4.0
Najas marina IRad S 0.0 0.0 0.0 2.5 0.0 0.0 0.0
Nelumbo nucifera | Rad Fl 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Nuphar luteum | Rad FI 3.0 2.0 4.0 3.4 3.7 4.0 3.0
Nymphaea alba 1 Rad FI 3.0 3.0 4.0 3.1 3.8 2.4 3.0
Nymphoides peltata | Rad FI 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Polygonum amphibium | Rad FI/I Rad E 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Potamogeton crispus IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Potamogeton lucens IRad S 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Potamogeton pectinatus | Rad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Potamogeton perfoliatus | Rad S 2.0 2.0 0.0 0.0 0.0 0.0 3.0
Potamogeton pusillus IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trapa natans I Nat Fl 2.0 3.0 4.0 2.5 2.3 1.3 0.0
Utricularia vulgaris I Nat S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vallisneria spiralis IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zannichellia palustris IRad S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Consiglio Nazionale delle Ricerche

Istituto per lo Studio degli Ecosistemi, Verbania Pallanza , www.ise.cnr.it-— www.iii.to.cnr.it




| numeri ... chimismo

Cond (uS/cm
20°C)

Alk (meqI?)
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Richieste direttiva

22.12.2000 Official Journal of the European Communities LB27155

Specific pollutants
Pallution by all priority substances identified as being discharged into the body of water

Pollution by other substances identified as being discharged in significant quantities into the body of water

1.1.2. Lakes

Biological elements
Composition, abundance and biomass of phytoplankton
Composition and abundance of other aquatic flora
Composition and abundance of benthic invertebrate fauna

Composition, abundance and age structure of fish fauna

P4 Consiglio Nazionale delle Ricerche
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Richieste direttiva

T2id-

Biological quality elements

Definitions for high, good and moderate ecological

Element High status Good status Moderate status
Phytoplankton The taxonomic compesition of  phytoplankton | There are slight changes in the composition and | The composition of planktonic taxa differs moderately
corresponds totally or nearly totally to undisturbed | abundance of planktonic taxa compared to the | from the type-specific communities.

Macrophytes and
phytobenthos

conditions.

The average phytoplankton abundance is wholly
consistent with the type-specific physico-chemical
conditions and is not such as to significantly alter the
type-specific transparency conditions.

Planktonic blooms occur at a frequency and intensity
which is consistent with the type-specific physico-
chemical conditions.

The taxonomic composition corresponds totally or
neatly totally to undisturbed conditions.

There are no detectable changes in the average
macrophytic and the average phytobenthic abundance.

type-specific communities. Such changes do not indicate
any accelerated growth of algae resulting in undesirable
disturbances to the balance of organisms present in the
water body or to the physico-chemical quality of the
water or sediment.

A slight increase in the frequency and intensity of the
type-specific planktonic blooms may cccur.

There are slight changes in the composition and
abundance of macrophytic and phytobenthic taxa
compared to the type-specific communities. Such
changes do not indicate any accelerated growth of
phytobenthos or higher forms of plant life resulting in
undesirable disturbances to the balance of organisms
present in the water body ot to the physico-chemical
quality of the water or sediment.

The phytobenthic community is not adversely affected
by bacterial tufts and coats present due to anthropogenic
activity.

Abundance is moderately disturbed and may be such as to
produce a significant undesirable disturbance in the values
of other biological and physico-chemical quality elements.

A moderate increase in the frequency and intensity of
planktonic blooms may occur. Persistent blooms may
accur during summer months.

The composition of macrophytic and phytobenthic taxa
differs moderately from the type-specific community and is
significantly more distorted than at good status.

Moderate changes in the average macrophytic and the
average phytobenthic abundance are evident.

The phytobenthic community may be interfered with and,
in some areas, displaced by bacterial tufts and coats
present as a result of anthropogenic activities.

Benthic invertebrate
fauna

The taxonomic composition and abundance correspond
totally or nearly totally to undisturbed conditions.

The ratio of disturbance sensitive taxa to insensitive taxa
shows no signs of alteration from undisturbed levels.

The level of diversity of invertebrate taxa shows no sign
of alteration from undisturbed levels.

There are slight changes in the composition and
abundance of invertebrate taxa from the type-specific
communities.

The ratio of disturbance-sensitive taxa to insensitive taxa
shows slight alteration from type-specific levels.

The level of diversity of invertebrate taxa shows slight
signs of alteration from type-specific levels.

The composition and abundance of invertebrate taxa differ
moderately from the type-specific communities.

Major taxonomic groups of the type-specific community
are absent.

The ratio of disturbance-sensitive taxa to insensitive taxa,
and the level of diversity, are substantially lower than the
type-specific level and significantly lower than for good
status.
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Richieste direttiva

T2id-

Biological quality elements

Definitions for high, good and moderate ecological

Element

High status

Good status

Moderate status

Phytoplankton

Macrophytes and
phytobenthos

The taxonomic composition of

phytoplankton

corresponds totally or nearly totally to undisturbed
conditions.

The awera_g‘evi ﬂ]phy;?slankmn abundance There a.re
abundance
which is consistent with the type-speci Cﬂmpare

chemical conditions.

consistent type-specific phy:
conditions and is not such as to significar
type-specific transparency conditions.

Planktonic blooms occur at a frequency <

The taxonomic composition corresponds
neatly totally to undisturbed conditions.

There are mno detectable changes in

macrophytic and the average phytobenthic a

There are slight changes in the composition and
abundance of planktonic taxa compared to the

slight changes
of macroph
X8 e

ic
type-specific
changes do not indicate any accelerated growth of
phytobenthos or higher forms of plant life resulting in
undesirable disturbances to the balance of organisms
present in the water body or to the physico-chemical

The composition of planktonic taxa differs moderately

from the type-specific communities.

in the
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composition and

At e

and phytobenthic taxa

communities.

quality of the water or sediment.

by bacterial tufts and coats present due to anthropogenic
activity.

Benthic invertebrate
fauna

The taxonomic composition and abundance correspond
totally or nearly totally to undisturbed conditions.

The ratio of disturbance sensitive taxa to insensitive taxa
shows no signs of alteration from undisturbed levels.

The level of diversity of invertebrate taxa shows no sign
of alteration from undisturbed levels.

There are slight changes in the composition and
abundance of invertebrate taxa from the type-specific
communities.

The ratio of disturbance-sensitive taxa to insensitive taxa
shows slight alteration from type-specific levels.

The level of diversity of invertebrate taxa shows slight
signs of alteration from type-specific levels.

The composition and abundance of invertebrate taxa differ
moderately from the type-specific communities.

Major taxonomic groups of the type-specific community
are absent.

The ratio of disturbance-sensitive taxa to insensitive taxa,
and the level of diversity, are substantially lower than the
type-specific level and significantly lower than for good
status.

Such
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Indice

Massima profondita di crescita: Z_.___ .

Frequenza relativa delle specie sommerse: som = Z{ sor IOOJ

Frequenza delle specie esotiche: exol =100 — Z
_ ) .
Jx -100
Diversita (Indice Simpson) 5, —|1->" 2/
100

2. i

f‘k("faf 1 OO

) Sr.

-100
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Indice

MTT _ Z Ak "V, dove:

o A,: abbondanza della specie k;
species . .
E Ak v, valore trofico della specie k;

3 passaggqi

Applicazione Ridistribuzione Abbondanza
Multivariate delle specie nei media
Regression clusters /' ponderata su
Trees (MRT) =~  usandoIndVal — logTP
De’ath G., 2002. Ecology: 83(4) Du}créne%;;i;b;g? Z}E,?O'Ogica' 5
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Indice

Applicazione
Multivariate Regression Trees

(MRT)

logTALK= 0.3816 | logTALK==0.3816

logTP<1.73 | logTP==1.73

Clusterizzazione
degli ambienti

logTP= 1.248 | logTP==1.248

logTALK= 0.2354 | logTALK==0.2354 logTALK=

0.5703 | logTALK==0.570%gTALK>

gTP=1.017 | logTPlegllALK>=02477

e

11.167 41333 11733

lDe"ath G., 2002. Ecology: 83(4)
t X"

logTALK= 0.247#, gJga IALK= 0.4106

B ]

=0.5627 | logTALK= 0.5627

logTALK=>=0.4106

Lt

logTALK=0.4232 | logTALK>=0.4232

logTP= 2352 | logTP==2.352

15118

ALK==0.4726 | logTALK= B.dﬁﬁ‘
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Indice
Applicazione Clusterizzazione
Multivariate Regression Trees | / degli ambienti
( MR 1) logTALK= 0.3816 | logTALK>=0.3816

logTP<1.73 | logTP==1.73 logTP< 1.248 | logTP==1.248




Indice

Ridistribuzione delle specie nei Individuazione
clusters usando IndVal delle specie
target
[Myrio spica  71.43* 16 |, ograLke= 416 \YMPha alba  100%* @ D
Nafas marin TO** | — Ceratdemer 88.89**
Lagar major  35.71* Nupha luteu 88.89** ,
Potkam crisp 28.57% Myrio spica  81.48**

Potam perfo 55.56**
Najas marjn  40.74*
Valli spira 22.22
Lemna minor 11.11
logTP=<1.73 | logTP>=1.73 _logTP=<1.248 | logTP>=1248

|
Cerat demer |45.45** |Trapa natan 85.73** Polyg amp?Li 46.5** Trapa natan 83-42**]

Potam lucen 45.45%* Nymph aalba 70.39** Potam lucen 30.56* Hotto palus 11.11
Potam perfo 45.45* Nelum nucif ~ 66.67** Ehara sp. 26.22*| Nelum nucif ~ 11.11
Potam pusil 27.27* Nymph pelta 66.67** Potamcrisp  22.22 Hydro morsu 5.56
Calli stagn 9.09 Nupha luteu  63.22** Elode canad 11.11 Lagar major 5.56
[Chara sp. 9.09] Polyg amphi  33.33* Potampusil  11.11 Potam pecti 5.56
Elode canad  9.09 Valli spira 26.19* Utric vulga 5.56
Groen densa 9.09 Zanni palus 5.56

SIG|I Na7 on? lIe Rlcerche
Jf/ojffldf S67-
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Indice

Abbondanza media ponderata Fornire un valore
su logTP —_— di V,

/ vi- L-AL4, AL5 e AL6
Specie Vi-L-AL3  gj>240 Alk<2.40
meq'1? meq-T"
1 Ceratophvilum demersum 0.37 0.34 0.36
Chara globularis 0.78 0.40 0.74
A / A . 1 O TP Chara sp. (non C. globularis) 0.56 0.59 -
k j g j Lagarosiphon major 0.64 - 0.59
Myriophvilum spicatum 0.47 0,35 0.43
—_— k Najas marina 0.43 0.39 -
vk - 1 Nelumbo nucifera 0.25 0.12 0.04
Nuphar lutea 0.35 0.35 0.06
A / A Nvmphaea alba 0.46 0.36 0,39
k ] Nymphoides pelrata 0.37 - 0.10
Persicaria amphibia 0.66 0.33 0.01
k Potamogeton crispus 0.43 0.39 0.28
Potamogeton hicens 0.46 0.34 0.35
Poramogeron perfolianis 037 0.27 0.4
Potamogeton pusillus 0.47 0.42 0.31
Trapa natans 0.32 0.32 0.16
Vallisneria spiralis 0.46 0.47 0.31
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Indice

x] -

Foglio di calcolo Indice =
’ Ny i "

Lago di Viverone 2007 Lago di Candia 2007

Valori Valori normalizzati Valori Valori normalizzati

I cmax 5.50 0.35 £ cmax 4.50 0.25

sub 85.00 145 sub 68.00 0.86

exot 95.00 091 exot 90.00 0.80

5 div 70.00 0.00 5 div 71.00 0.05

5 0.39 0.39 5y 0.37 .34

MacrolMn 0.62 MacrolMMI 046

Moderata Cattiva
Reference Index
Rl -50.8 Rl -44.9
M 15 0.25 M e 0.28
Ecological status 4 Ecological status 4
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Conclusioni

e L’utilizzo come dataset di solo dati storici puo
solo fornire informazioni sulla
caratterizzazione delle specie target rispetto
alla trofia (vedi TP)

* |l range trofico degli ambienti considerato e
troppo ridotto per permettere di effettuare
estensioni o individuare ambienti di
riferimento e comunita di riferimento
(I'approccio IndVal per cercare specie target)
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Conclusioni

* Senza ambienti di riferimento non e possibile
effettuare una classificazione se non come
giudizio esperto

e L’approccio multimetrico rimane importante
per inserire nell'indice metriche altrimenti non
considerate dalla WFD
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Prossimi passi

* Incrementare la lista dei valori trofici delle specie

* Semplificazione del protocollo di
campionamento:

1. Riduzione del numero transetti per sito;
2. Percentuale di copertura tipo B&B.

* Incremento del dataset

* Riproduzione indice multimetrico per le altre
tipologie lacustri
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