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- Modelling Wetland Habitats for Species Management: the Case of
Teal (Anas crecca crecca) in the Bassin d’Arcachon (French Atlantic
Coast)

Michel Genard* and Frangcise Lescourret?}
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Avenue des Facultés, F-33405 Talence, Cédex, France
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Sampling points in the Bassin d’Arcachon described by habitat variables,
occupied or unoccupied by teal, were compared by means of discriminant
barycentric analysis in order to forecast probabilities of occurrence of teal on
the basis of habitat measures, A preliminary model involving many variables
was established, It was used to predict the area likely to be occupied by teal in
a hunted area in the event of protection from hunting. A final model was
proposed involving a reduced number of variables. This model provides a
diagnosis of the potential suitability of a sampling point and gives advice on
improving it. ’

Keywords: Teal (dnas crecca crecca), Bassin d’Arcachon, habitat model,
multivariate analysis.

1. Introduction

Wetlands are amongst the most endangered natural habitats (Bellrose and Low, 1978;
Fog and Lampio, 1982; Lefeuvre, 1986). Many have been drained for intensive
agriculture while others have remained as pasture, but are no longer grazed as this
practice is declining (Tesson, 1988). Such areas rapidly become unsuitable for wildfowl.

Managers of wetland areas need to have available a set of management guidelines
and the tools with which to apply them. In this respect, modelling of the habitat can help
wetland management,

Habitats, in a large sense, contain not only landscape physiognomy and vegetation,
but also food supplics, competitors and predators, and agents that can cause disturbance
(Karr, 1980; Schamberger and O’Neil, 1986). Operational habitat models, however,
must be limited to variables that are easy to measure (Schamberger and O'Neil, 1986;
Mosher er al., 1986). Habitats are often described only in terms of landscape and
vegetation (Clawson ef al., 1984; Morrison, 1987; Straw er al., 1986). Such operational
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models exist, called “habitat suitability index” models, which are based on & narrow
definition of habitat and carrying capacity (Schamberger and O'Neil, 1986), providing a
bridge between the fields of planning and science. Although most of them have been
developed on the basis of general statements and literature reviews about species’ habitat
preferences, and verified by an authority, some of them use a data-based approach
{Brennan et al., 1986).

The aim of this paper is to propeose such a habitat model, capable of indicating
suitable roosting areas for teal (dnas crecca creccq) wintering in a large basin of the
French Atlantic coast, the Bassin d’Arcachon. The stages of its coneception are: (i)
defining the habitats used by teal in the study area; (ii) modelling the potential suitability
of a given area and applying the model to an exemplary case; and (iii) simplifying the
model and making it capable of indicating how a given area should be improved for teal.

2. Sindy area

The study areas were situated on the French Atlantic coast, in the Bassin d’Arcachon
(44°40'N, 1°4'W). The Bassin d’Arcachon is on an important wildfowl migration axis
(Boutet, 1980; Yesou et al., 1983). Tt is frequented by numerous ducks (Davant ef al.,
1975) and is a wetland of international importance according to the criteria in Scott
(1980). Its climate is oceanic.

The study areas consisted of 1020 ha of marshes distributed in three sets (Figure 1).
They were man-made during the 18th century and are continually subject to filling and
afforestation (Coutarel and Larcheé, 1986). Sixty per cent of the area is covered by
brackish ponds, half devoted to extensive fish breeding and half abandoned. The ponds
are 0-2 to 0-6 m deep and served by ditches 0-8 to 1-5 m deep (Labourg, 1980). The banks
of the ponds are covered by grasses, bushes and trees. Wet grasslands (with scattered
pools) overgrown with woody vegetation and reeds (Phragmites communis) occupy the
parts of the study areas between ponds.

The areas frequented by teal were known from monthly surveys conducted since
1972-1973 (A. Fleury, pers. comm.; Génard and Bouteiller, 1988). They did not change
from one year to another. Teal overwintered entirely within no-shooting areas (425 ha),
occupying 51 ha (12%). The teal wintering in the Bassin d’Arcachon comprise 0:15 to
0-6% of the 200 000 teal wintering in western Europe (see Rilger et al., 1986). Their
numbers vary considerably from one year to another (Figure 2).

3. Methods
3.1, STUDY DESIGN

Presence-absence of teal was considered. Three sets of sampling points were used. Two
(A, B) were in areas protected from hunting and other human disturbance. A and B
constituted the modelled area, covering the 425 ha referred to above. A covered parts of
study areas entirely occupied by teal, whereas B covered parts not occupied. The third
set, C, covering a slightly larger part than A and B combined, was subject to hunting.
The habitat variables characterizing the reserve were compared between the parts
occupied by teal {(A) and the parts not occupied (B) in order to define suitable teal
habitat. A habitat model was then established. It was used to forecast the potential
suitability of the area actually hunted (C) in the event of it being protected from hunting.
The initial model was then simplified to make it operational. Finally, we explored the
capacity of the model to suggest changes that would improve an area for teal.
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Figure 2. Mean numbers of teal (caleulated from four monthly surveys— November to February) wintering in
the Bassin d’Arcachon from 1972-1973 to 1986-1987. (Afler Fleury 1974, 1975, 19774, 19776, 1980; Callec,

1983; GEREA, unpublished).
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3.2, SAMPLING

Habitat variables were surveyed during the winter 1986-1987 and 1987-1988. Using
variables measured at a particular time was relevant because of little change in
distribution patterns from one year to another (see above).

Sampling involved a total of 85 sampling points for A, 94 for B and 147 for C.
Sampling points were distributed on grids, 60 x 60m in parts occupied by teal and
200 = 200 m elsewhere in the study area. The area covered by A being smaller than that
covered by B or C, the sampling effort was adapted to area by changing the size of
sampling grids to obtain similar number of points with and without teal. Such a
similarity was required by the modelling technique. A further set of 30 sampling points
distributed in parts occupied or unoccupied by teal were collected apart from A, B or C
to test the models.

3.3, HABITAT VARIABLES

The use of an area by teal depends on such features as biotope, bank type, water salinity
and surface area, and openness of the site {Tamisier, 1974; Saint-Gérand, 1985). On the
basis of a preliminary study (Génard and Fleury, in press), we chose 20 variables of this
type, uncorrelated to satisfy statistical conditions. At each sampling point, the percent-
age covered by the following variables measured in a 30 m radius around the observer
was:

(a) water <0-2m deep {(D1), 0-2-0-4 m deep (D2), >0-4m deep (D3);

(b) mud or gravel (MU);

(c} vegetation, including reed beds (RE), flooded rushes (Juncus sp.) (FR), dry rushes
(DR), grasslands <0-25m high (LG}, grasslands >0-25m high (HG), bushes
(B), trees (T).

Per cent cover was estimated by comparison with reference drawings representing
hypothetical covers of 5%, 10%, ..., 90% (Prodon, 1976). Also measured were:

(a) per cent of bank length of shallow sloping banks (B1), medium stoping banks
(B2), moderately steep sloping banks (B3), steep sloping banks (B4) (see
Appendix 1);

(b) area of the pond (“wet” area WA) and of rushes (rush area=RA) within the
sampled circle;

(c) mean salinity (MS}, distributed in three classes (8%a, 12%o, 18%0) from a map of
the Bassin d’Arcachon (Labourg, 1969);

{d) site openness in terms of length of field of view (FW) and angle of view (AV) (see
Appendix 1).

3.4. HABITAT DEFINITION AND CONSTRUCTION OF THE MODEL

Our design used multivariate analysis, which is well adapted to habitat studies (Shugart,
1981). A discriminant analysis (Legendre and Legendre, 1979) was not employed despite
its wide application in such studies (Johnson, 1981), particularly for duck habitats
{Krasowski and Nudds, 1986). Discriminant analysis requires quantitative variables and
equality of group variance—covariance matrices. It is not suitable for data with
numerous zero scores, and it describes only linear relationships. Multinormality is
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required in some applications. Such conditions are rarely encountered in habitat studies
{Anderson, 1981; Edge et al., 1987; Johnson, 1981; Williams, 1981; Best and Stauffer,
1986). An alternative approach would have been that of logistic regression, which is
applied to habitat studies (Straw et al., 1986), but we preferred a weighted averaging
method. Ter Braak and Looman (1986) have shown that logistic regression is more
efficient than weighted averaging techniques when the probability of occurrence of a
species is modelled as a Gaussian response to a quantitative environmental gradient, but
weighted averaging techniques are simpler and are approximations to the Gaussian
methods, giving good estimates of the species’ optima and environmental values (Ter
Braak and Prentice, 1988).

We therefore used a discriminant barycentric analysis (DBA) (Benzecri, 1977;
Bergougnan and Couraud, 1982; Kouadi, [1984). DBA performs a correspondence
analysis (CA) of a two-row table, rows being sums of lines of groups being compared
(see Greenacre, 1984, for using CA for discrimination purposes). As CA can deal with
qualitative variables (Chessel and Debouzie, 1983), we were able to use 67 modalities
instead of 20 original variables (Appendix 2), and non-linear relationships could be
considered. The DBA was run on sets A and B. It was performed on a two-row table
weighted to render both numbers of sampling points (85 for A, 94 for B) equal (see
Bergougnan and Couraud, 1982). The original 179 sampling points were projected on
the unique axis by the eigenvector values. The quality of discrimination was estimated
from the percentage of points classified in their original groups (place of the projection
on the axis with respect to the discriminant plane) and to resuits obtained on the test
sample (30 points: see Section 32).

Discriminant variables were those with high (> mean) absolute contributions (= part
of variance of the unique component explained by the variable). Axis scores were indices
related to the potential suitability of sampling points (Rice et al., 1986). The discriminant
axis was divided into { intervals as recommended by Kouadi (1984). The probability of
occurrence of teal in each sampling point of 7 was:

P,= AFNB/(AFNB + (1-F)NA)

where: 4, is the ratio of points with teal/points without teal in i; Fis the mean probability
of occurrence of teal in a sampling point of the modelled area, i.e. the frequency of
occurtence of teal in the A+ B area (see study area); NA the number of A points—
number of points in area oceupied by teal—and NB the number of B points—number of
points in area not occupied by teal {calculation demonstrated in Appendix 3). The
classification criterion (projection of points on the axis due to the eigenvectors values)
was used to forecast the probability of occurrence of teal in the set C in the event of
protection from hunting,

3.5. CONSTRUCTION OF AN OPERATIONAL MODEL FOR MANAGEMENT PURPOSES

The analysis was repeated with only the contributing variables to minimize the number
of variables requiring measurement in the field and thereby to limit costs. The quality of
results was judged by comparing the discriminant point scores of the “complete” and the
“partial” analyses.

In order to define suitable improvements to habitats where the probability of
occurrence of teal was weak, we built a set of rules to be realized in a suitable area. By
constdering two types of modalities: the first one, with a majority of 1 values in sampling
points having P,= I, was likely to favour the occurrence of teal; the second one, with a
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majority of 0 values in sampling points having P,=1, was likely to favour the non-
occurrence of teal. The relevance of the rules was tested on a samplé of points diagnosed
as unsuitable for teal after simulating recommended changes.

4, Results

4.1. DESCRIBING AND MODELLING DIURNAL HABITATS OF TEAL IN THE BASSIN
D’ARCACHON

The discriminant axis clearly separated the sampling poeints with teal from sampling
points without teal (Figure 3): 84% of 85 sampling points with teal and 85% of 94
sampling points without teal were correctly classified (=allocated to their original
groups). Bighty seven per cent of the test sample points were also correctly classified.

Modalities of 10 variables among the 20 contributed to the unique axis (Figure 4).
They defined habitats with teal as those containing 0-20-0-40 m deep ponds and flooded
rushes with a cover of 25-100%; shallow or medium sloping banks were dominant; the
environment was open {a wide angle of view); salinity was about 12%.. In contrast,
sampling points without teal were covered by low grassland; water basins were rare and,
where present, they had moderately steep sloping banks and a high salinity. The
environment was closed (a small angle of view).

Sampling poinis were distributed in four groups according to their axis scores
(Figure 3). The first group (scores < = — 1) corresponded to a constant presence of teal,
and the fourth (scores > 1) corresponded to a constant abseunce of teal, groups two and
three (intervals ]—1,0] and 10, + 17) being intermediate. The probability of occurrence of
teal was estimated for the four groups (Table 1).

Sampling points in the 592 hunted area (C) were distributed amongst the four groups
by the classification criterion generated by the discriminant analysis (Table 2). Half of
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Figure 3. Number of sampling peints with teal (full lines) and without teal (dotted lines) distributed in four
groups according to their discriminant axis F{ scores (complete analysis, 20 variables),
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Figure 4. F1 axis scores of the modalities of the variables with high abselute contributions in the complete
analysis (ringed modalities have high absolute contributions).

TaBLE 1. Ajvalues and probabilities P, of occurrence of teal estimated in four groups of sampling
points according to their axis scores after the complete or the partial discriminant barycentric

analysis Da
Al P,
Group Da score Compl. Part. Compl. Part.
1 <=-1 + oo + oo 1 1
2 1—- 1,00 19 2-8 02 0-28
3 10.1] 0-5 0-4 0-07 0-05
4 >1 0 0 0 0

TagrE 2. Distribution of the hunted area sampling points amongst the four groups defined by
the discriminant barycentric analysis

Probability of Number of poinis Area Area likely to be
Group occurrence of teal (%) (ha) occupied by teal (ha)
1 1 3 12 12
2
2 021 24 95 20
(16)
3 0-07 51 207 14
(35)

4 0 6% 278 : 0
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area C appeared to be unsuitable for teal. A ban on hunting in the parts of area C
classified into groups 1, 2 and 3 (Table 2) would render 40 to 50 ha suitable for teal,
which would double the actual area of suitable habitat. :

4.2, SIMPLIFIED MODEL FOR ESTIMATING POTENTIAL OCCURRENCE OF TEAL

- Eighty-seven per cent of the sampling points were correctly classified by the partial DBA
(10 variables) classification criterion. The same proportion of the test sample points was
correctly classified. The axis scores for the partial and complete models were highly
correlated (r=0-974, P<0-005), indicating that similar information was obtained in
both.

Moreover, the distribution of sampling points with and without teal was identical on
each axis (Figure 5). This result led us to use the classification criterion of the simplified
model (Table 3) for forecasting the occurrence of teal. As before, the axis was divided
into four groups in each of which the probability of occurrence of teal was estimated
(Table 1).

4.3, OPERATIONAL MODEL FOR MANAGEMENT PURPOSES

The six variables with high absolute contributions to the unique axis of the partial
analysis were retained (D2, LG, B1, B3, AV and MS—see Appendix 2 for descriptions).
Five, among their modalities {LG3, LG4, B33, AV1, MS3), had null values in each unit
of the group of sampling points of habitats suitable for teal (£,=1). No such modality
should occur in points revealing suitable habitat for teal. Five other modalities (D24,
LG1, B12, B13, MS2) had a majority of 1 values in the group of sampling points of
habitats suitable for teal. The sampling points of this group had an average of 2-3 such
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Figure 5, Number of sampling peints with teal (full lines) and without teal (dotted lines) distributed in four
groups according to their discriminant axis F1 scores (partial analysis, 10 variables).
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TasLk 3. Coefficients for modalities of variables in the linear equation of the axis of the partial
discriminant barycentric analysis modalities with positive coefficients show absence of teal,
modalities with negative coeflicients show presence.

Modality Coefficient
Water 0-2-0-4 m deep (per cent cover) D2i: 0 +0-28
D22; 0-25 +0-01
D23: 25-50 —0-34
D24: 50-100 —0-44
Flooded rushes (per cent cover) FR2: 0-25 +0-12
FR1: 0 +0-03
FR3: 25-100 —0-37
Grasslands <0-25 m high (per cent cover) LG3: 25-50 +0-52
LG4: 50-100 +0-48
LG2: 0-25 +0-23
LGL: 0 -019
Shallow sloping banks (per cent of bank length) Bl11: 0 +(-32
B13: 50-100 -0-43
B12: 0-50 —0-35
Medium sloping banks (per cent of bank length) B21: 0 +0-09
B22: 0-50 -020
B23: 50-100 —0-30
Moderately steep sloping banks (per cent of bank length) B33: 50-100 +0-66
B32: 0-50 +0-06
B31: 0 -~ {09
Area of the pond (ha) WAL 0 +0-60
WA3: 0-10 +0-03
WA4 > 10 -0:09
WA2: 0-2 —0-19
Area of flooded rushes (ha} RA3: »0-5 +0-45
RAL: { +0-05
RAZ: 0405 —0-27
Angle of view(") AVI: <3 +0-41
AV2: 3-15 +0-10
AV3: 15-45 —0-08
AV4: >45 -0-22
Mean salinity (%o} MS3: 18 +0-43
MSI: 8 —0-05
MS2: 12 —0:52

modalities, 96% of them having at least two. In contrast, 99% of points of habitats
unsuitable for teals (£,=0) had less than two such modalities: other situations (P,= 0-05
or (-28) were intermediate (Table 4). It was therefore judged sufficient to take into
account the occurrence of any two of these modalities. Two other modalities (D21 and
B11) had a majority of { values in the group of the points of habitats suitable for teal.
The points of this group had at most one such modality, whereas 88% of the points of
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habitats unsuitable for teal had both of these modalities (Table 5). We therefore suggest
that a suitable area should contain at most either ong of these two modalities.

The advice rules are formally: (i) percentage cover of 25-50% of grasslands <(0-25m
high, (LG3)=percentage cover of 50-100% of grasslands <0-25m high, (LG4)= per-
centage of bank length 50-100% with moderately steep sloping banks, (B33) =angle of
view <3° (AV1)=mean salinity of 18%. (MS3}=0; (ii) percentage cover of 50-100% of
water 0-2-0-4m deep (D24) +percentage cover of 0% of grasslands <0-25m high
(LG1)+ percentage of bank length 0-50% with shallow sloping banks (B12) + percent-
age of bank length 50-100% with shallow sloping banks (B13) -+ mean salinity of 12%.
{MS2) > =2; and (iii) percentage cover of 0% of water 0-2-0-4 m deep (D21) 4 percent-
age of bank length 0% with shallow sloping banks (B11) < =1.

An area suitable for teal should follow thess rules, and was verified in 96% of the
sampling points. Conversely, an area unsuitable for teal (P,=0 or 0-05) should not
follow the three rules simultaneously, which was verified in 99-5% of sampling points.
Points with P,= 0-28 were intermediate, 15% of them following the three rules.

The relevance of these rules was tested in a simulation of 67 points with an initial
P,=0. After following the suggested course of action, their potentialities were improved
to P,=0-28 for 33 points and P,=1 for the other 34.

The rules for estimating potential occurrence of teal after measuring 10 variables in
an area (simplified model), and for suggesting changes that would improve this area,
were written into a computer program suitable for use by managers. The program is
available from the authors.

TABLE 4. Frequency of occurrence of 0, 1, 2, 3 or 4 modalities among D24, L.Gl, B12, B13,
MS?2 (%), and confidence interval (CI) of the mean number of occurrences of these five
modalities, at four levels of probability for occurrence of teal

Number of modalities

Probability of 0 1 2 3 4 CI(P=0-05) Number of
occurrence of teal points

1 0 4 30 44 22 2-61-3-07 50
0-28 3 32 58 7 0 1-52-1-68 62
605 25 55 20 0 0 0-83-1-09 94

0 61 38 1 0 0 0-31-0-49 120

TaBLE 5, Frequency of occurrence of 0, 1 or 2 modalities among D21, B11 (%) and confidence
interval (CI} of the mean number of occurrences of thesc 2 modalities, at four levels of
probability for occurrence of teal

Number of modalities

Probability of 0 i 2 CI (P=0-05) Number of
occurrence of teal points

i 66 34 0 0-21-0-47 50
028 16 71 13 0-83-1-10 62
0-05 3 49 48 1-33-1-56 94

0 0 12 88 1-83-1-94 120
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5. Discussion and conclusion

The environmental characteristics sought by the teal in the Bassin d’Arcachon are the
same as those generally found in wintering zones situated in coastal marshlands. They
are vast open spaces where gorse, shallow and slightly salty stretches of water with gently
sloping banks dominate (Tamisier, 1972; Cramp and Simmons, 1977; Saint-Gérand,
1985). This similarity confirms the validity of our model and makes it possible to
envisage an application in other coastal marshlands. However, as opposed to Mosher et
al, (1986), who recommended that a model should be able to be used in the greatest part
of a species’ natural distribution area, we believe that generalizing a model such as ours
should be done only in environments similar to that for which it was developed and its
validity should be proven in each new geographic situation. This is all the more
necessary as the multivariate techniques used are essentially correlational and do not
necessarily prove cause and effect relationships. More generally, we agree with Legay
and Debouzie (1985) and Maurer (1986) who think that no two populations are
identical, even within the same species, This is particularly true for the teal, whose
plasticity allows it to winter in environments as varied as continental ponds and
maritime basins (Cramp and Simmons, 1977).

The major interest of our model lies in the simplicity of its methodological design,
which can be applied to other regions and species. The philosophy of our work can be
summed up by Grubb’s (1988) remark: “Unfortunately, the more sophisticated models
become, the less they tend to be used by, or available to, most field biologisis”,

The deliberate simplicity of our methodology nevertheless has some disadvantages.
The desire to create a model which could easily be used by land management workers
made it impoessible to take into account the potentialities of feeding grounds used at
night, the minimal surface area of efficient reserves as well as some anthropic disturb-
ances causing particular behaviours, such as the search for shelter in relatively
inaccessible sectors—in some small parts of the Bassin d’Arcachon, teal seek out very
closed wooded environments (Génard and Bouteiller, 1988). However, the consideration
of other easily measured variables could improve our model. On the one hand, the
habitat variables we considered do not describe the connecting relationships between the
described site and its surroundings. It is obvious that the attractiveness of a site can
depend on its isolation from other similar sites (Brown and Dinsmore, 1986) or on the
characteristics of the land environment, Complimentary descriptors could be found
through landscape ecology (Forman and Godron, 1986), On the other hand, the
presence or absence of species other than teal in the studied environments could be
considered, as competition between species can exist (Nudd, 1983).

The method we used is similar to that followed by Rice et al. (1986), whose goals
were close to ours. However, in our study, the utilization of a discriminant barycentric
analysis instead of a discriminant analysis used by the latter authors facilitated the
distribution of our method to land managers as the application conditions for a
discriminant barycentric analysis are quite broad. The discriminant barycentric analysis
makes it possible to treat non-linear relationships easily, which are often problematic in
modelling bird habitat relationships using traditional methods such as the multiple
linear regression (Clawson et al., 1984),

Our model can be used to predict potentialities of a site unoccupied for anthropic
reasons or to simulate the consequence of management on the probability of teal
occurrence, A few simple rules make it possible to add indications on the management
changes which should be made to improve a site. These three utilization levels are
complimentary and necessary to a land manager. They should be completed by a model
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of nocturnal utilization of space in feeding grounds (see Génard, 1989). Finally,
computerizing the model is well-suited to the current development of computerized tools
to evaluate and improve wildlife habitats (Marcot, 1986). Putting such tools to use may
represent a challenge in the near future for applied research on habitat relationships.

We are greatly indebted to the Fédération Départementale des Chasseurs de la Gironde for
financial support. We are grateful to P. Doncaster, 1Y, Mondain-Monyval and G. Black for their
constructive comments and for improving our English.
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Appendix 1.

LENGTH OF THE FIELD OF VIEW

The longest line of view from the observation point O at a height > 1 m from the ground,
is drawn (length L). The straight line perpendicular to it and passing through the
observation point is then drawn [length /, Fig. 6(a)]. The mean length of the field of view
is then estimated by (L+D/4 (m).

ANGLE OF VIEW

A straight line (A) is drawn between the observation point and the furthest part of the
field of view. A straight line (B) is then drawn perpendicular to it, as long as possible in
the field of view and as far as possible from the observer. The angle a () is then drawn, as
indicated on Fig. 6(b).

(&)

Figure 6. Measures of the length of the field of view (a) and of the angle of view (b).
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Appendix 2.

MODALITIES OF THE 20 VARIABLES MEASURED

Water <02 m deep
(per cent cover)
D11: 0

D12: 0-25

D13; 25-50

D14: 50-100

Water > 04 m deep
(per cent cover)
D31: ¢

D32: 0-25

D33: 25-50

D34: 50-100

Reed beds

(per cent cover)
REL: 0

RE2; 0-25
RE3: 25-50
RE4: 50-100

Dry rushes
DRI: 0
DR2: (-25
DR3: 25-100

Grasslands >0-25 m high
(per cent cover)

HG1: 0

HG2: 0-25

HG3: 25-100

Trees

{per cent cover)
T1: 0

T2: 0-25

T3: 25-50

T4: 50-100

Medium sloping banks
(per cent of bank length)
B21: 0

B22: 0-50

B23: 50-100

Steep sloping banks

{per cent of bank length)
B41: 0

B42; 0-50

B43: 50-100

Water 0-2-0-4 m deep
{per cent cover)

D21: 0

D22: 0-25

D23: 25-50

D24: 50-100

Mud or gravel
(per cent cover}
MUL 0

MU2: 0-25
MU3: 25-50
MU4:; 50-100

Flooded rushes
{per cent cover)
FRI1: 0

FR2: 0-25
FR3: 25-100

Grasslands <0-25 m high
LG1: ¢

LG2: 0-25

LG3: 25-50

LG4: 50-100

Bushes

(per cent cover)
Bl: 0

B2: 0-25

B3: 25-30

B4: 50-100

Shallow sloping banks
{per cent of bank length)
B11: 0

B12: 0-50

B13: 50-100

Moderately steep sloping banks
(per cent of bank length)

B31: 0

B32: 0-50

B33: 50-100

Area of the pond
(ha)

WAL ¢

WAZ2: -2

WA3: 2-10
WA4: > 10
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Area of flooded rushes
(ha)

RAI: 0

RAZ2: 0-0-5

RA3: =05

Length of the field of
view (m)

FWl: <20

Fw2: 20-70

FW3: 70-125

Fw4: >125

Modelling teal habitat

Mean salinity
(%a)

MS1: 8

MS2: 12
MS3: 18

Angle of view
]

AVI: <3
AV2: 3-15
AV3: 1543
AVd: =45

Appendix 3. Calculation of the probability of occurrence of teal according to the
position of sampling points on the axis of the discriminant barycentric analysis

Only points from A + B, the study area to be modelled, are considered here.

PRESENTATION OF THE PROBLEM

Let us consider a sample of # points representative of the study area. If an environmental
gradient exists, likely to be divided into intervals, i, the distribution of the points of the
sample on the gradient, which has to be estimated, is:

Interval 1 2 Ce i Total
Points with teal nl+ w2+ ni+ nF
Points without teal ni— n2- ni— n(1—F)
Total nl n2 e ni . n

where F is the mean probability of occurrence of teal in a sampling point of the study
area (F is previously known).

We pose:

ni+/ni=P,and ni—/ni=1—P, so ni+ /ni—=P/1 =P, (D

P, the mean probability of occurrence of teal in interval #, has to be estimated.

ESTIMATION OF P,

Let us consider two samples of NA and NB points, representative, respectively, of parts
occupied and unoccupied by teals of the study area (NA can be equal to NB). A
discriminant barycentric analysis is performed on these points described by habitat
variables. The discriminant axis is divided into ¢ intervals. The distribution of the points
along these intervals-is:

Interval 1 2 v i Total
Points with teal NAT NA2 NAI NA
Points without teal NBI NBS NBi NB
Total N1 N2 Ni N
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Intervals are those previously noticed. NA and NB being large enough, the distribution
of points with or without teal is the same as before. So we have:

NAJNA =ni+ [nF=>NAi=ni+ x NA/nF )
NBi/NB = i — /n(.l — F)=NBi=ni— x NB/n(1 - F) (3)
(1), (2), (3) = Ai=NAI/NBi=(mi+ ni- ) x (NA/NB x (1 - F/F)=
(P/1~P) % (NA/NB) (1~ F/F) (4)

(4)=P,= AiIFNB/(A/FNB + (1 — F)NA)







