Small-scale vegetation models


CHARM

WP 3

Deliverable 15

Small-scale vegetation models


1. Introduction
3
Aim
3
Approach and structure
3
2. Selection of potential quality elements for vegetation
3
3. Templates and compilation of data on quality elements
5
Templates
5
Data compilation
5
4. Depth distribution of Zostera marina
8
Actual and historic state and evaluation of long term changes
8
Small scale models
12
Evaluation of the quality element in relation to the WFD
14
5. Depth distribution of Fucus vesiculosus
15
Actual and historic state and evaluation of long term changes
15
Small scale models
19
Evaluation of the quality element in relation to the WFD
22
6. Depth distribution of Furcellaria lumbricalis
23
Actual and historic state and evaluation of long term changes
23
Small scale models
24
Evaluation of the quality element in relation to the WFD
25
7. Depth distribution of the total algal community
26
Actual and historic state and evaluation of long term changes
26
Small scale models
27
Evaluation of the quality element in relation to the WFD
28
8. Annual/perennial macroalgae
29
Actual and historic state and evaluation of long term changes
29
Small scale models
29
Evaluation of the quality element in relation to the WFD
29
9. Sensitive species e.g. Charophytes
30
Actual and historic state and evaluation of long term changes
30
Small scale models
30
Evaluation of the quality element in relation to the WFD
31
10. Area cover and bed structure of Zostera marina
32
Actual and historic state and evaluation of long term changes
32
Small scale models
33
Evaluation of the quality element in relation to the WFD
33
11. Eelgrass-associated fauna
34
Actual and historic state and evaluation of long term changes
34
Small scale models
34
Evaluation of the quality element in relation to the WFD
34
12. Cited literature
35

 

1. Introduction

Aim

The aim of this deliverable is two-fold:

· Identify present and historic state of the vegetation and evaluate longterm changes

· Establish models that explain and predict changes in the vegetation based on changes in physicochemical factors. The models should focus on individual areas of the Baltic Sea (i.e. small spatial scale).

The ultimate goal of vegetation models in CHARM is to identify relations between anthropogenic impact and the response in vegetation parameters. The models should allow us to explain, predict and hindcast changes in the distribution and abundance of the vegetation from changes in water quality and to distinguish between anthropogenic-caused variation and random variation in the vegetation.

Both the information on the historic state of the vegetation and hindcast models can be used to define reference conditions, i.e. pristine conditions for the vegetation as required by the Water Framework Directive (WFD).

Approach and structure

The Water Framework Directive demands that so-called quality elements be used to define and assess the status of water bodies. We therefore approached both aims by first defining potential ‘quality elements’ for the vegetation and compiling data on these quality elements. For each of the quality elements we then assessed present and past status and long-term changes and modelled how these quality elements changed with changing water quality. This way, the deliverable consisted of  5 tasks:

· Task 1: Selection of potential quality elements

· Task 2: Templates for compilation & compilation of data representing each quality element

· Task 3: Evaluation of actual and historic conditions for each quality element

· Task 4: Evaluation of long term changes for each quality element

· Task 5: Small scale models for each quality element

Task 1 and 2 are presented as individual sections in the following text. Then follows a section on each of the selected quality elements that first evaluates actual and historic conditions and longterm changes and then presents small-scale models. Each of the sections on quality elements is concluded by an evaluation of the potential of the quality element in relation to the WFD.

2. Selection of potential quality elements for vegetation

In order to select potential quality elements, we needed criteria defining good quality elements. We agreed on the criteria in Box 1. 

Box 1. Criteria defining good quality elements 

A good quality element must:

· respond predictably to human disturbance

· have well-defined reference conditions

· have a wide potential distribution range

and should preferably:

· be relevant for the ecosystem

· be simple to measure

Based on these criteria and existing knowledge on marine vegetation, we selected 9 potential quality elements to be tested in CHARM to see if they prove suitable to assess the state of water bodies and be used under the Water Framework Directive (Table 1). 

Four of the quality elements concern the depth distribution of the vegetation and includes various parameters describing depth distribution (see Figure 1):

· The depth limit of eelgrass shoots/algal individuals

· The depth limit of eelgrass meadows/algal belts

· The depth of maximum abundance of eelgrass/macroalgae

· The downward slope of eelgrass/macroalgal abundance

Table 1. Selected quality elements and the habitats they refer to. The term “depth distribution” includes: “the depth limit of the deepest individuals”, “the depth of maximum abundance“; in addition for Fucus “the depth limit of the continuous Fucus belt” and for eelgrass “the depth limit of meadows”. The quality elements in parenthesis are of secondary priority and *indicates that no work is done so far. 

Quality element
Habitats

Depth distribution of Zostera marina
Soft/sandy substrates

Depth distribution of Fucus vesiculosus
Hard substrates

Depth distribution of Furcellaria lumbricalis
Hard substrates

Depth distribution of total algal community
Hard substrates

Annual/perennial macroalgae
Hard/soft substrates

(Filamentous algae/Zostera marina)*
Soft/sandy substrates

Sensitive species e.g. Charophytes
Soft/sandy substrates

(Area cover and bed structure of Zostera marina)
Soft/sandy substrates

(Eelgrass-associated fauna)
Soft/sandy substrates
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Figure 1. Schematic presentation of parameters describing the depth distribution of macropyhyes. 

Depth distribution of macrophytes is largely determined by light (e.g. Duarte 1991, Nielsen et al 2002a) and therefore also by parameters affecting the light climate. Increased nutrient concentrations stimulate the production of phytoplankton and epiphytes, which reduce water clarity and thereby reduce the depth penetration of macrophytes (Nielsen et al. 2002a,b). Depth distribution of macrophytes should therefore respond predictably to eutrophication.

The ratio of annual to perennial macroalgae and of filamentous algae to Zostera marina a potential quality element because high nutrient concentrations generally favour the growth of ephemeral flora (Sand-Jensen & Borum 1991, Duarte 1995, Pedersen 1995).

The presence and abundance of sensitive species such as Charophytes is suggested a potential quality element because Charophytes are believed to be very sensitive to eutrophication, especially to increased turbidity. The presence of at least some Charophyte-species therefore seems to be reliable quality indicator in limnetic ecosystems (e.g. Melzer 198, Berg 1999, Scheffer 1998). 

The area cover and the bed structure of eelgrass is suggested as quality element because a reduction in depth limit due to low water quality should also reduce the potential area cover of this species and possibly also change the bed structure towards more sparse and scattered patches.

Eventually, the eelgrass-associated fauna is suggested a potential quality element because recent studies have shown that the fauna composition responds to changes in water quality (Boström et al. 2002).

We have divided the potential quality elements into groups of first and second priority. We focus the work on the quality elements of first priority and analyse the elements of second priority to the extent time allows. 

For each of the quality elements we established a working group having the responsibility to compile and analyse data and evaluate the results.

3. Templates and compilation of data on quality elements

Templates

The working group on each quality element defined templates for compilation of data. In order to make the analyses more comparable and minimise the work spent on compilation, the templates for the various quality elements were made as parallel as possible.

Templates for all high priority quality elements are now available on the restricted area of the homepage:

· Template_Zostera

· Template_Fucus

· Template_Furcellaria

· Template_all macroalgae

Concerning “sensitive species, e.g. Charophytes”: there already is an international group working on Charophyte data from the Baltic Sea. This group has almost finalised their work in a book and we decided to learn from these results before we initiate a possible further compilation of Baltic Charophyte data.

We generated no general templates for the quality elements of second priority. The ratio between filamentous macroalgae and Zostera marina may be tested later in the project on available Danish data if time allows. Concerning area cover and bed structure of Zostera marina, the vegetation metadata (deliverable 3) show that data exist only from Finland and Denmark and in one reference (Labanauskas 2000) from Lithuania. Some of the data have already been compiled and analysed (Boström et al. in press) and we found no need for a specific template. Concerning the eelgrass-associated fauna, Finland has large data sets already available for these analyses. 
Data compilation

Data compiled according to the templates are now available on the restricted area of the home page in the section “data & publications”. The data compilation was very time consuming and took longer than expected. Table 2 provides an overview of the available files and Figure 2-5 show the location of sampling sites.

Table 2. Overview of data files on macrophytes available on the CHARM homepage. Symbols: x: data available electronically, nd: data does not exist, p: data are available only on paper. More data from Sweden may become available electronically later in the project.

Eelgrass
Fucus
Furcellaria
All macroalgae

Denmark
x
x
x
x

Germany
x
x
x
x

Latvia
nd
x
x
x

Poland
p
p
p
p

Lithuania
x
x
x
x

Sweden
nd
x
p
p

Estonia
x
x
x
x

Finland
x
x
x
x
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Figure 2. Overview of the location of sampling sites for eelgrass data compiled in the CHARM database
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Figure 3. Overview of the location of sampling sites for Fucus data compiled in the CHARM database
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Figure 4. Overview of the location of sampling sites for Furcellaria data compiled in the CHARM database.
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Figure 5. Overview of the location of sampling sites for data on the macroalgal community compiled in the CHARM database. 

4. Depth distribution of Zostera marina
Actual and historic state and evaluation of long term changes

Actual depth limits

The data compilation in CHARM provided actual data (1989-2001) on eelgrass depth distribution. Depth limits of eelgrass shoots were available from 10 districts of the Baltic Sea where they varied from an average of about 2 m in the Gulf of Riga to an average of nearly 7 m in Øresund (Fig. 6A). Data on depth limits of eelgrass meadows were available from 5 districts where they varied from an average of 2.2 m in Kattegat to an average of 5.2 m in Øresund (Fig. 6B). Finally, data on depth of maximum abundance were available from 5 districts where they varied from about 1 to 5.5 m (Fig. 6C). 
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Figure 6. Box and whiskers plot of depth limits of eelgrass shoots (A) and eelgrass meadows (B) and depth of maximum abundance (C) in various districts of the Baltic Sea. Boxes delimit the 25 and 75% percentiles, whiskers represent 10-90% percentiles, squares represent mean values and lines represent medians.

All depth distribution parameters showed a large variation within each district. Along the German coast local differences in the depth of maximum abundance thus varied from a mean of 2.5 m in Fehmarn Belt to a mean of 6 m in Mecklenburger Bucht and maximum depth limits varied from a mean of 3.5 m in Fehmern Sund to a mean of 8 m in Zout-peninsula Darss (Figure 7).
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Figure 7. Actual depths of maximal eelgras abundance (upper graph) and actual eelgrass depth limits along the German coast. 

EB-Eckernfoerder Bucht

FB-Fehmarnbelt

FS-Fehmarnsund

FF-Flensburger Foerde

KF-Kieler Foerde

LB-Luebecker Bucht

MB-Mecklenburger Bucht

Zout-peninsula Darss (outside)

PB-Pommersche Bucht 

Boxes delimit the 25 and 75% percentiles, whiskers represent 10-90% percentiles, squares represent mean values and lines represent medians.

Historic depth limits and long-term changes

Historic data on eelgrass depth limits were available only from Denmark, Norway, Germany, Poland, Lithuania and Denmark, and we have evaluated long term changes for these areas. We have presented the results in 2 publications (Boström et al. 2003, Krause-Jensen et al. submitted) and summarise the main conclusions below.

In Denmark, records of eelgrass depth distribution date back to around 1900 (Ostenfeld 1908). At this time Danish eelgrass meadows were widely distributed and covered about 1/7 of Danish marine waters. The meadows (except in the low saline south western waters) were decimated during the wasting disease in the 1930 and recovered during the following decades. Today eelgrass again occurs along most Danish coasts but has not reached the former area extension. We estimate that the present depth distribution constitutes only about 20-25% of that in 1900. This reduction is largely attributed to the loss of deep meadows as a consequence of impoverished light conditions. A comparison of historic and recent data sets on depth limits of eelgrass meadows from the same sites showed that around 1900, the depth limit of eelgrass meadows averaged 5-6 m in estuaries and 7-8 m in open waters while in the 1990s, the depth limit of the meadows were reduced by about 50% to 2-3 m in estuaries and 4-5 m in open waters (Figure 8, Boström et al. 2003). This large reduction in depth limits can be mainly attributed to impoverished light conditions due to eutrophication. Depth limits are positively correlated to Secchi depths and Secchi depths were generally larger around 1900 than today (Figure 9, Boström et al. 2003).

In Norway the cover of eelgrass meadows increased after the wasting disease in the 1930s and since 1930 it seems to have varied irregularly with no overall trend (Data from Institute of Marine Research, Norway).

In Kiel Bight, Germany, the depth limit of eelgrass decreased from 6m in the 1960s to <2m in the late 1980s probably as a consequence of increasing amounts of filamentous algae (Schramm 1996). In the Greifswald Lagoon, Germany, by contrast, the eelgrass populations have remained relatively stable during the period 1930s-1980s (Messner & von Oertzen 1991). In the Gulf of Gdansk, Poland, eelgrass grew down to 10 m depth in the 1950s but was almost totally displaced by filamentous brown algae and Zanichellia palustris during the period 1957-1987 (Kruk-Dowgiallo 1991, 1994, 1996). Along Lithuanian coasts eelgrass had virtually disappeared before any scientific evaluation was made; eelgrass has most likely occurred along the 90 km long seaside of the Curonian Split covering thousands of hectares (Olenin, pers. com.), but in the 1990s filamentous green algae dominated the coastal waters and no eelgrass was found (HELCOM 1998).
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Figure 8. Frequency distribution of colonisation depths of eelgrass meadows along open coasts and in estuaries of Denmark. Data from 1901are from Ostenfeld (1908) while data from 1996/7 are from the national Danish monitoring programme. The two data series represent the same 18 sites along open coasts and the same 12 sites in estuaries. From Boström et al. 2003.
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Figure 9. Secchi depths and depth limits of eelgrass meadows in 1900 (Ostenfeld, 1908) and 1992 (Data from the national Danish monitoring programme). From Boström et al. 2003.

We also compared the historic data material on depth limits of eelgrass meadows with a large data set on maximum depth limits of eelgrass shoots in the period 1990-2000 (from the national Danish monitoring programme, Krause-Jensen et al. submitted). In this comparison we included data representing the same water body types but not necessarily the same sampling sites. We grouped the data into 10 water body types based on differences in salinity and depth as required by the WFD. The historic data were assessed based on samplings from a boat and thus represented conservative estimates of depth limits of meadows. By contrast, the actual data represented depth limits of eelgrass shoots measured by divers. In spite of the underestimation of historic relative to actual depth limits, all water bodies showed a decline in average depth limits from 1901 till today (Figure 10, Krause-Jensen et al. submitted). In 1901 average depth limits ranged from 4.4-8.5 m in the various water bodies while the actual depth limits ranged from 1 to 5.4 m on average.
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Figure 10. Depth limits of eelgrass in 10 estuarine water body types in Denmark. Open circles represent means and open bars the range (10-90% percentiles) of historic depth limits in 1901. The historic depth limits are conservative estimates and include a total of 95 obs. distributed with 2-27 obs. in each water body type. Solid circles represent means and solid bars the range (10-90% percentiles) of maximum actual depth limits based on investigations under the National Danish Monitoring Programme in 1989-2000. The actual depth limits include a total of 1925 obs. distributed with 7-462 obs. in each water body type. (From Krause-Jensen et al. submitted).

Eelgrass bed structure and depth limits in the northern Baltic Sea

Eelgrass shoot density ranged between 70 and 260 and between 130 and 395 shoots m-2 at two different sites (Site 1 and 2, respectively, Table 3). Density showed no consistent pattern as a function of depth at any of the two sites. Site 2 had significantly higher mean shoot density at all depths as compared to Site 1 (t-test, P < 0.0001). Towards the end of the season, density appeared to increase at the intermediate and deep stations, at both sites. Consequently, the highest shoot densities were recorded in October. 

Shoot morphometric data are summarized in Table 3. At Site 1, all shoot parameters increased with increasing depth, while at Site 2, the pattern was almost the opposite with shoot length, leaf width and number of leaves per shoot being greatest at the shallowest colonization depth. The mean number of leaves per shoot was fairly constant over the season, but slightly higher at Site 1 (5.3) than at Site 2 (5.0). 

Since the Secchi depth in Finnish coastal waters has been reduced from 9 to 5 m over the past 70 years (Jumppanen and Mattila 1994), the depth limits of eelgrass populations have probably been reduced during this period, while no negative long-term changes (25 years) have been recorded in shallow water (3 m) eelgrass meadows (Boström et al. 2002). The upper distribution limit of eelgrass populations in the non-tidal Baltic Sea is at 1-1.5 m depth, the effects of ice probably restricts mainly to shading effects rather than ice scoring.

In this study, mean irradiance levels reaching the bottom were mostly above the minimum requirement for seagrasses, i.e. ≈ 11% (Duarte 1991, Olesen and Sand-Jensen 1993). However, water transparency fluctuated profoundly at both sites, and showed constantly lower mean levels at Site 1. Consequently, due to phytoplankton blooms, plants at the deepest and intermediate depths at Site 1 periodically experienced irradiance levels of <10%. This temporary light limitation resulted in an immediate decrease in above-ground productivity at intermediate and deep stations.

Prolonged periods of low light conditions probably result in lower productivity and shoot density (Krause-Jensen et al. 2000). Lower shoot densities at greater depths (e.g. Neckles et al. 1993) were not evident at the studied sites, but are commonly observed at the lower distribution limits at other seagrass sites in the Baltic Sea (C. Boström, unpubl. data). Instead, the deepest plants at Site 1 appeared to be acclimatized to low light levels by investment in photosynthetic tissue, illustrated by greater shoot length and shoot width with increasing depth (Table 3). 

Table 3. Mean shoot density (±SE) and shoot morphometrics (seasonal means with range within brackets): shoot length (cm), leaves shoot-1, leaf width (mm) and length (cm) for eelgrass at upper, lower and intermediate depths at two study sites on Åland Islands, northern Baltic Sea, Finland May-October 1998. Exacts depths (m) are given within brackets. From Boström et al., submitted.

_________________________________________________________________________________

Site (Depth)
Density                Shoot length        Leaf no.          Leaf width
     Leaf length 

___________________________________________________________________________________

Site 1

Shallow (1.2)
   96±5.5 (62)
18.8 (8-33)

5 (4-9)
2.3 (1.6-3.5)
10.1 (0.2-20.7)

Intermediate (2.1)
 165±14.6 (59)
23.2 (10-38)
5 (3-8)
2.4 (1.3-3.4)
11.7 (0.2-30.4)


Deep (3.4)
     142±8.0 (65)
29.6 (12-49)
6 (4-9)
2.8 (1.5-3.8)
15.3 (0.2-35.7)



Site 2



Shallow (0.8)
    
     226±16.6 (42)
28.2 (10-47)
5 (3-12)
3.1 (1.6-4.4)
14.2 (0.2-37.6)



Intermediate (2.1)     263±13.3 (55)
21.3 (8-37)

5 (3-8)
2.9 (1.5-4.3)
11.2 (0.2-27.0)



Deep (3.9)

     264±16.7 (50)
24.5 (8-43)

5 (3-8)
3.0 (1.6-4.4)
13.0 (0.2-35.8)

___________________________________________________________________________________

Small scale models

Modelling eelgrass cover along depth gradients

We used a large data set, collected under the national Danish monitoring programme, to evaluate the importance of photon flux density (PFD), relative wave exposure (REI), littoral slope and salinity in regulating eelgrass cover at different depth intervals in Danish coastal waters (Krause-Jensen et al. 2003). Average eelgrass cover exhibited a bell-shaped pattern with depth, reflecting that different factors regulate eelgrass cover at shallow- and deep-water sites (Figure 11). Multiple logistic regression analysis was used to identify regulating factors and determine their role in relation to eelgrass cover at different depth intervals. PFD, REI and salinity were main factors affecting eelgrass cover while littoral slope had no significant effect (Figure 12). Eelgrass cover increased with increasing PFD at water depths of more than 2 m, while cover was inversely related to REI in shallow water. This pattern favoured eelgrass cover at intermediate depths where levels of PFD and REI were moderate. Salinity had a minor, but significant, effect on eelgrass cover that is most likely related to the varying costs of osmoregulation with changing salinity. The analysis provided a useful conceptual framework for understanding the factors that regulate eelgrass abundance with depth. Although the regression model was statistically significant and included the factors generally considered most important in regulating eelgrass cover, its explanatory power was low, especially in shallow water. The largest discrepancies between predicted and observed values of cover appeared in cases where no eelgrass occurred despite sufficient light and moderate levels of exposure (almost 50% of all observations). These discrepancies suggest that population losses due stochastic phenomena, such as extreme wind events, play an important regulating role that is not adequately described by average exposure levels. A more thorough knowledge on the importance of such loss processes and the time scales involved in recovery of seagrass populations after severe disturbance are necessary if we are to understand the regulation of seagrass distribution in shallow coastal areas more fully.  

In relation to the WFD, shallow water eelgrass populations do not seem to be a useful quality element because they are largely dominated by physical forces. By contrast, the deep eelgrass populations respond more directly to changing water quality and are likely to be useful quality elements. 
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Figure 11.Vertical distribution of eelgrass in Danish coastal waters. Circles represent mean values of cover in each depth interval, lines represent medians, boxes represent 25-75% percentiles, and whiskers represent 10-90% percentiles. The analysis is based on 1235 observations of eelgrass cover in depth intervals along 276 depth-gradients in Danish estuaries and coastal areas. From Krause-Jensen et al. 2003.
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Figure 12. Frequency of observations of a given eelgrass cover (>0%, >2%, >25%, >50%, >75%) as a function of each of the explanatory variables: light (left panels), wave exposure (central panels) and salinity (right panels). Results are shown for each of the depth intervals 0-1 m, 1-2 m, 2-4 m and 4-8 m. From Krause-Jensen et al. 2003.

Modelling eelgrass depth limits (Models from the literature) 

We searched the literature for empirical models relating depth limits to water quality. We present 3 of the central models below. All models show that depth limits of eelgrass are significantly related to water clarity and thus respond predictably to changes in water quality. The models are presented below:  

Dennison (1987) found that depth limits (Zc) of Zostera marina along the north coast of USA is related to light attenuation (K) by the equation: 

Zc=1.62/K

Duarte (1991) examined the depth limit of seagrass communities distributed worldwide and showed that differences in depth limits (Zc) are largely attributable to differences in light attenuation under water (K). The relationship was described for all seagrasses by the equation:

log Zc (m) = 0.26 – 1.07log K (m-1) 


(R2=0.77, N=72, p<0.001, SEslope = 0.07)

and (as the slope is not significantly different from 1) it can be simplified to:

Zc=1.86/K

The relation implies that seagrasses can extend to water depths receiving on average 11% of the irradiance at the surface. The relationship was also described for Zostera marina alone by the equation:

log Zc (m)=0.27-0.84 log K (m-1)  


(R2=0.40, N=29, p<0.001)

Duarte (1991) also found that the reduction in seagrass biomass from the depth of max biomass towards the depth limit, i.e. the downward slope or the biomass attenuation coefficient (Kbio) is also closely related to the light attenuation coefficient:

log Kbio(m-1) = 0.19 + 1.4 log K (m-1)  


(R2=0.91, N=9, p<0.001, SEslope = 0.17)

Nielsen et al. 2002 

Nielsen et al. 2002 shows that depth limits (Zc) of Zostera marina in Danish coastal waters are positively related to secchi depths (Zs) by the equation:

Zc=0.339+0.786Zs




(R2=0.61, N=101, p<0.0001)

and negatively related to concentrations of total nitrogen (TN) by the equation:

ln Zc=6.039 –0.755ln(TN) 



(R2=0.55, N=128, p<0.0001)

Evaluation of the quality element in relation to the WFD

So far, we have found that eelgrass depth limits to a large extent fulfil the criteria defining good quality elements (Box 1). 

Eelgrass depth limits partly fulfil the criterium that a good quality element must have well-defined reference conditions. The historic information on eelgrass depth limits in Danish coastal waters allow us to assess reference conditions for these areas. In other areas of the Baltic we cannot assess reference conditions based on historic information, as this information is not available. In stead it may be possible to assess reference conditions by using empirical models for hindcasting. This will be tested in a future deliverable (nos. 20 and 32).

Existing models showed that eelgrass depth limits also to a large extent fulfil the criterium that a good quality element must respond predictably to human disturbance.  All models show a wide scatter, however, and can only serve to describe the overall trend and the relative change in depth limits of eelgrass occurring with a certain range in Secchi depth. They cannot be used for precise estimation of depth limits at a specific Secchi depth.
The criteria of a wide potential distribution range, of being relevant of the ecosystem and of being simple to measure are also fulfilled.

5. Depth distribution of Fucus vesiculosus
The depth distribution of Fucus vesiculosus is being treated in 4 CHARM publications (Torn et al. in prep, Martin and Torn in prep., Nappu et al. in prep., Ruuskanen et al. in prep.). Below we summarise the main points of this work.

Actual and historic state and evaluation of long term changes

We compiled data on the depth distribution of F. vesiculosus from published articles and reports as well as from national databases. We ended up with 3341 data sets representing 18 districts of the Baltic Sea. Most data were recent representing the period 1990-2001 but few districts also had data from 1930s-1990s allowing an assessment of long term changes (Torn et al. in prep). 

Actual depth distribution

The present depth distribution range of Fucus extends from close to the coast and down to maximum depths of individuals at 1.5-4.5 m on average, depending on district (Fig. 13A). The shallowest depth limit of Fucus individuals (about 1.5 m) are recorded in the Kattegat, the Danish Belts and the Øresund located at the entrance of the Baltic Sea. When moving towards the central and inner parts of the Baltic, Fucus individuals penetrate to greater water depths. In the Baltic between Sealand and Scania the average depth limit of Fucus individuals thus average about 2.5 m and depth limits in the central and inner parts of the Baltic are as deep as 4-5 m on average. The deepest-growing Fucus individuals are recorded in the Bothnian Sea with depth limits of on average 5.2 m. In extreme cases, single observations of depth limits amount to 12.2 m in the western coastal waters of the Baltic Proper. The increase in depth limits along the Baltic gradient follows the decline in salinity and the increase in latitude along the gradient.

Along the rocky coastlines of Estonia, Finland and Sweden, F. vesiculosus often forms extended belts. The depth limit of Fucus belts increases markedly towards the central and inner areas of the Baltic and thus follows the same trend as the depth limit of Fucus individuals. The shallowest depth limits (1.5 m on average) are recorded in Hanö Bay. From here, depth limits increase gradually over the Baltic Proper, the Gulf of Riga and the Estonian Archipelago to around 3 m on average in the Gulf of Finland. When moving to the Bothnian Sea, depth limits increase markedly to almost 5.5 m on average. The deepest single observations are at 7.3 m depth in the Bothnian Sea (Fig. 13B). In the southern and eastern Baltic Sea where soft and sandy substrates prevail, F. vesiculosus forms less conspicuous belts, and as a consequence information on depth limits of Fucus belts is not available from these areas. 

The depth of maximum coverage of F. vesiculosus average 1-2 m in most areas. Only the Bornholm Sea, the Gulf of Riga and the Bothnian Sea have slightly deeper values (about 2.5 m on average, Fig. 13C). The depth of maximum coverage is thus more similar among districts than the depth limit so the two parameters are not tightly coupled. When data from all districts were analysed together, we found a positive though weak correlation (R2=0.30) between the two parameters and the depth of maximum abundance occurred at about 1/3 of the depth limit of individuals (slope of regression: 0.32, p<0.001). 

Long-term changes

Data on long-term changes in the depth distribution of F. vesiculosus are available for 6 districts of the Baltic Sea (Figure 14). All these districts had data dating back to 1960s/1970s and three districts had data dating as far back as 1930s/1940s, though the data set from Kattegat E in 1940 (Kylin 1947) was excluded from the comparisons due to lack of information on sampling methods. All areas showed marked declines in Fucus depth distribution over the investigation period. In most districts the decline occurred between the 1960s/1970s and the 1990s. In Kattegat E the depth limit was 12 m 1960s but less than the half (5 m) in 1990. In the Estonian Archipelago the depth limit of 7 m in the 1960s was reduced to 2-5 m on average in the period 1995-2001. In The Baltic Proper NW, the depth limit of 5 m in 1975 was gradually reduced to around 3 m in the mid-1990s. In the Gulf of Finland and the Åland Sea, Fucus penetrated to around 10 m depth in the 1930s/1940s. This depth limit was maintained in the Gulf of Finland in 1975 but was reduced to the half between 1975 and 1994. Detailed analyses of recent data show that the depth limit in this area has become deeper since 1995 on moderately exposed and sheltered shores, but not on exposed shores (A. Ruuskanen, pers. com). In the Åland Sea depth limits had declined to around 7 m in 1958 and were still at this level in the 1990s. The Finnish Archipelago Sea only had data from the 1960s and 1970s and showed a decline from 3 to < 2 m in this period. 
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Figure 13. Depth limits of Fucus vesiculosus individuals (A), depth limits of Fucus vesiculosus belts (B) and depths of max coverage of Fucus vesiculosus (C) in various districts of the Baltic Sea. Squares represent mean values, lines represent medians, boxes delimit the 25 and 75% percentiles and whiskers represent 10-90% percentiles. From Torn et al. in prep.

Only the Estonian Archipelago allowed an assessment of long-term changes in the depth of maximum coverage of F. vesiculosus. In 1962-69, F. vesiculosus showed maximum coverage between 1-6 m depth and relatively high coverage down to 10 m depth (Trei 1973). Recent data from 1995-2001 show high coverage only down to around 3 m depth. 
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Figure 14. Long-term changes in the depth limit of F. vesiculosus in various districts of the Baltic Sea. Data from the Baltic Proper NW, the Åland Sea and recent data from the Estonian Archipelago represent the exact same sites. Data from the Gulf of Finland and the Finnish Archipelago Sea represent the same small areas (e.g around Tvärminne). For the Kattegat E and the Estonian Archipelago, the data from different years represent means for different sites distributed within the districts. From Torn et al. in prep.

Martin, G., Torn, K. Long- and short-term changes in the Fucus vesiculosus community in the northern part of the Gulf of Riga. (manuscript).

The present paper is based on data from two areas included in the Estonian Phytobenthos Monitoring Programme. Data from Kõiguste Bay in the northern part of the Gulf of Riga is used to demonstrate changes in phytobenthic communities while data from Küdema Bay serve as a reference These two areas represent different environmental conditions – Kõiguste Bay is a part of the Gulf of Riga with high background nutrient levels and Küdema Bay has characteristic features of the northern Baltic Proper. Phytobenthos monitoring is carried out according to the methodology agreed for the HELCOM COMBINE programme (www.helcom.fi/). Monitoring is conducted by diving along  hydrobotanical transects, where benthic communities are described and sampled within 1 m depth intervals. Quantitative parameters are species coverages, recorded visually by divers and dry weight biomass, determined from samples in the laboratory.  

Within the studied time period (1995-2002), Kõiguste Bay showed considerable quantitative and qualitative changes in the phytobenthos parameters. During the first two sampling seasons, biomass and coverage of Fucus vesiculosus L. were high in depth range of 1-4 m. After an outbreak of massive growth of the filamentous brown algae Pilayella littoralis and Ectocarpus siliculosus in 1997, Fucus almost disappeared. The depth range of the Fucus vesiculosus belt, has continuously narrowed during the study period. In 1996 the depth range was 0.9-4 m but in 2000 Fucus only occurred at 1.5 m depth (Fig. 15). On the reference transect located in Küdema Bay, the depth limit of the Fucus vesiculosus belt increased slightly during the same period while width of the belt remained approximately the same. The maximum biomass of Fucus vesiculosus recorded was 344 g dw m-2 in Kõiguste Bay as opposed to 1601 g dw m-2 in Küdema Bay. In 1995 Fucus vesiculosus used to be the most important community forming algae in both areas.  

A Total of 33 species of macroalgae and aquatic vascular plants form the benthic vegetation in two observed monitoring areas. Kõiguste Bay has a higher diversity of benthic vegetation (33 species) than Küdema Bay (21 species). For example, Kõiguste Bay has a higher number of aquatic vascular plants species and species of charophytes. Kõiguste Bay also has more dominant algal species than Küdema Bay. In Kõiguste Bay, the brown algae Fucus vesiculosus, Pilayella littoralis, Sphacellaria arctica and the red algae Furcellaria lumbricalis and Polysiphonia fucoides dominate the vegetation while in Küdema bay only Fucus vesiculosus and Pilayella littoralis have coverage values higher than 75 %. These differences in community structure are probably due to differences in exposure and nutrient concentrations. Kõiguste Bay is sheltered and has higher nutrient concentrations while Küdema is more exposed and less eutrophic. 

Comparisons between the recent data (1995-1999) and data reported from previous investigations show that on the southern coast of Saaremaa Island, the phytobenthic biomass has decreased significantly in the depth interval of 2-3 m since 1987 (Fig. 16.), while it has remained the same in the other depth intervals. The changes have occurred on both mixed sediment bottoms and sand dominated substrates. The loss of the biomass has taken place in the depth interval dominated by Fucus vesiculosus but due to the low time resolution of data it is not possible to date the decline precisely. 

Declines of Fucus vesiculosus communities have been reported from different areas of the Baltic Proper. In most cases the decline is accompanied by massive growth of filamentous species. The exact effect of filamentous species is supposed to be: 

1) shading effect 

2) creating oxygen deficiency 

3) toxic effect

4) competition for substrate with juveniles

5) increasing probability of being towed away by current

6) competition for nutrients

In Kõiguste Bay the most obvious mechanisms are:

· Filamentous algae cause decline of Fucus community by mechanism 2 or 3 

· Continuous high abundance of filamentous species all through the vegetation season prevents juveniles from settlement (competition for substrate). Fucus has been reported to release its propagules during the summer period (Bäck, 1993; Andersson et al., 1994). 

Shifts from Fucus dominated communities towards communities dominated by Pilayella littoralis have been reported from several areas of the Baltic Sea and is thought to be direct cause of general eutrophication (Rönnberg 1981, Hällfors et al. 1984, Mäkinen et al. 1984, Jumppanen 1992, Kiirikki 1996). 

Declines of perennial littoral vegetation in the NE Baltic Proper and especially in the northern part of the Gulf of Riga is most probably caused by intensive development of filamentous, ephemeral brown algae. The causes of these algal blooms have to be explained further as they do not seem related to land-born nutrient enrichment. 
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Figure 15. Changes in the depth distribution of the Fucus vesiculosus belt in two monitoring areas of the West Estonian Archipelago.
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Figure 16. Changes in the vertical distribution of the biomass of phytobenthos on the southern coast of Saaremaa island, Kõiguste Bay. 

Small scale models

Relations between Fucus depth distribution and selected biotic/abiotic parameters

The depth distribution of Fucus vesiculosus is likely to be partly regulated by competition from other macroalgae. At the entrance of the Baltic Sea, many different algal species in addition to Fucus vesiculosus occurs along the depth gradient, and below the depth limit of Fucus vesiculosus, Fucus serratus and a number of other species occur at high abundance. In the inner parts of the Baltic Sea species diversity is much reduced (Nielsen et al. 1995) and the depth limit of Fucus vesiculosus may be less affected by competition from other perennial species. This may be one reason why depth limits of F. vesiculosus generally increase towards the inner parts of the Baltic. Even in the inner parts of the Baltic, however, there are indications that competition may limit the depth distribution in some areas (see next section).

Coupled recent data sets on depth limits of Fucus individuals and secchi depths were available from 10 districts. The pooled data sets from all districts showed a significant but relatively weak correlation between depth limits and secchi depths (R2=0.23, p<0.001). When we distinguished between data representing the entrance and the central Baltic we found that depth limits at the entrance were weaker correlated to secchi depths (R2=0.014, p<0.001) and had a less steep regression slope (0.06) than depth limits in the central Baltic (R2=0.17, slope=0.41, p<0.001, Figure 17). These data indicate that depth limits are more closely coupled to light levels in the central Baltic than at the entrance of the Baltic. 
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Figure 17. Relations between the maximum depth limits of F. vesiculosus and Secchi depths from various districts situated at the entrance of the Baltic (left panels) and districts situated in the Central Baltic (right panel). Data from the entrance of the Baltic (1989-2001) include Kattegat W (n=30), Danish Belts (n=759), Øresund (n=4) and the Baltic between Zealand and Scania (n=11). Data from the Central Baltic (1991-2001) include Baltic Proper W (n=134), Gulf of Riga (n=6) and Gulf of Finland (n=10). Regression lines: Entrance: Y= 0.06X +1.06, R=0.12, p<0.001; Central: Y=0.46X+0.88, R=0.41, p<0.001. From Torn et al. in prep.

Modelling Fucus depth limits in the Finnish Archipelago

Nappu N, Kiirikki M, Kinnunen V, Bäck S, Ruuskanen A. Depth distribution of Fucus vesiculosus in the Finnish Archipelago. (Preliminary title). In prep. 
This work analyses changes in vertical distribution of Fucus in temporal and geographical scale during 1990s. We plot changes in growth depth to changes in secchi depth. Preliminary results indicate that the lower growth limit of the Fucus belt has become approximately 0.8 m deeper in the sheltered and moderately sheltered archipelago, while no changes have occurred in the exposed archipelago. The trend is equal along the whole Gulf of Finland.

Comments on competition for space below the depth limit of Fucus vesiculosus in the Gulf of Finland (Ari Ruuskanen)

The substrate below the depth limit of the Fucus belt is not bare rock just waiting for Fucus settlement and this complicates the use of Fucus as a quality element because Fucus then doesn’t always grow as deep as light permits.

In the outer Archipelago of the eastern Gulf of Finland, the bottom below the lower growth limit of the Fucus belt is dominated by a dense belt of perennial Cladophora rupestris. In the western part of the Gulf, C. rupestris grows in patches inside the Fucus canopy but towards the east C. rupestris gradually becomes the dominant species below the Fucus belt. Simultaneously, the lower depth limit of Fucus becomes shallower. It has not been studied if dense C. rupestris has negative effects on settlement success of Fucus but Berger et al. (2001) reported a negative correlation between the settlement success of Fucus and the density of Cladophore glomerata under laboratory conditions.

In the outer Archipelago of the western Gulf of Finland, the density of blue mussels (Mytilus edulis) just below the depth limit of the Fucus belt has incresed drastically since 1995 (Westerbom et al. 2002). It is possible that Mytilus edulis inhibits Fucus settlement and prevents Fucus from colonising deeper substrates in some sites. This way, competition may uncouple the relation between Secchi depths and Fucus depth limits. The degree of uncoupling is quite unpredictable as the coverage of Mytilus fluctuates markedly: In 1980s, the western Gulf of Finland had ”normal” densities of Mytilus, in the first half of the 1990s densities were low, but since the mid 1990s densities have again increased. Possible competition from Mytilus may also complicate the definition of reference depth limits for Fucus as we don’t know if Mytilus also prevented deeper growth of Fucus under pristine conditions. 

The Inner Archipelago is affected by a more intense sedimentation than the outer Archipelago due to lack of water motion. Though some types of sediment may prevent the settlement of Fucus (Berger et al. 2001), sedimentation may be only a limited problem in this area because the depth limit of Fucus has recently become deeper in the Inner Archipelago.

So, when using depth limits of Fucus vesiculosus as a quality element, we must take into consideration that even if water clarity was improved it is possible that Fucus would not reach reference depth limits because of competition/interaction with biotic or abiotic factors.

More detailed analyses of data from the Gulf of Finland suggest that the depth of maximum abundance of Fucus may supplement the depth limit as a quality element, and in areas where depth limits are unrelated to light, the depth of maximum abundance may be an alternative quality element. 

When all available data from the Gulf of Finland are analysed together, they show a correlation between the depth limit of the Fucus belt and the depth of maximum abundance of Fucus (R2=0.53, p=0.000).

When the same analysis was done separately for the eastern Gulf where a dense belt of C. rupestris dominates the lower part of the Fucus belt, the two parameters were uncorrelated (R2=0.004 p=n.s.) indicating that they were randomly related and not regulated by the same factor (Fig. 18). This could be because the depth limit is regulated by light at some sites while it is regulated by other factors - probably Cladophora at other sites. 

By contrast, a separate analysis of data from the western Gulf of Finland (including Helsinki) where the lower part of the Fucus belt is free from C.rupestris showed a significant correlation between depths of maximum abundance and maximum depth limits of the belt with a regression slope of about 0.6 (R2=0.59, p=0.000). This pattern indicates that the abundance of Fucus declines gradually from the depth of maximum abundance towards the depth limit with the depth of maximum abundance occurring at on average(3/5 of the depth limit. The pattern suggests that the same factor – most likely light - regulates the two parameters in the Western Gulf. If the transects containing bluemussels were omitted, this relation would probably have been even stronger. 

From the Helsinki area, data on depth limits of Furcellaria were also available. In most cases Furcellaria was the deepest-growing macroalga and it’s deep penetration suggested that depth limits were regulated by light. Both the depth limit of Fucus (R2=0.4 p=0.000) and the depth of maximum abundance of Fucus  were significantly related to the depth limit of Furcellaria (R2=0.42 p=0.000, Fig. 19), suggesting that both parameters were regulated by light. If this is true, both the depth of maximum abundance of Fucus and the depth limit of Fucus and Furcellaria seem to be useful quality elements in the Helsinki area. It is possible that the depth of maximum abundance of Fucus is also related to light levels in the Eastern Gulf and that it could be used as a quality element here instead of the depth limit. This relations needs further verification, however.
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Fig 18. Depths of maximum abundance of Fucus vs. maximum depth limits of the Fucus belt. A comparison between the western (black dots) and the eastern (white dots) Gulf of Finand.
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Fig. 19. Depth limits of the Fucus vesiculosus belt vs. depth limits of Furcellaria lumbricalis (black dots, upper line); depths of maximum abundance of the Fucus vesiculosus belt vs. depth limits of Furcellaria lumbricalis vs (white dots, lower line). Data from Helsinki Archipelago.
Evaluation of the quality element in relation to the WFD

So far, we have found that depth limits of Fucus vesiculosus only partly fulfil the criteria defining good quality elements (Box 1). 

The criteria of a wide potential distribution range, of being relevant for the ecosystem and of being simple to measure are fulfilled. 

By contrast, Fucus depth limits only partly fulfil the criteria that a good quality element must have well-defined reference conditions and respond predictably to human disturbance. Historic information allowing assessment of reference depth limits for Fucus vesiculosus is only available for few areas. Moreover, competition for space below the lower depth limit for Fucus may complicate the assessment of reference depth limits. The alternative option of defining reference conditions using empirical models for hindcasting is also not fully possible because the models available so far have only limited predictive power and are not sufficiently reliable. The low predictive power of the models may be partly due to competition for space below the lower depth limit of Fucus which may uncouple the relation between secchi depths and depth limits. As a consequence, Fucus also only partly fulfils the criteria that a good quality element must respond predictably to human disturbance.

6. Depth distribution of Furcellaria lumbricalis
Actual and historic state and evaluation of long term changes

Data on depth distribution of Furcellaria lumbricalis was compiled from all over the Baltic Sea region. Altogether, data from 1275 locations was collected from phytobenthos monitoring programmes and individual investigations from Denmark, Germany, Lithuania, Latvia, Estonia and Finland. The oldest records dated back to the end of the 1980s. 
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Figure 20. Maximum depth limit of Furcellaria lumbricalis in different districts of the Baltic Sea during the period 1989-99. Boxes represent 25 and 75 percentilles, whiskers minimum and maximum values (upper panel). Columns show mean levels and error bars show standard deviations (Lower panel). 
To evaluate the present state of the depth ditsribution of Furcellaria lumbricalis in the Baltic Sea we used data from last decade (Fig.20). The depth limit varied from an average of 4 m in the western part of Kattegat and Kiel Bay to an average of 10 m in the West Estonian Archipelago, and each area showed marked variations in depth limits. We identified no clear south-north or east-west trends in depth limits of Furcellaria as we did for Fucus vesiculosus (see chapter 5).  The data showed no significant relationship between salinty and depth penetration of Furcellaria.

When data from all districts were pooled, the maximum depth limit of Furcellaria lumbricalis was positively related to light penetration especially when Secchi depths from the summer period were used (r=0,53, Figure 21).
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Figure 21. Relationship between maximum depth penetration of F. lumbricalis and measured Secchi depth (Whole available dataset).  

Small scale models

Small scale models were developed for the areas with sufficient data coverage. This kind of analyses was possible to perform on data sets originating from the Danish monitoring programme as well as on Estonian and Latvian data. 

We identified a significant correlation between riverine runoff (nutrient load) and the depth limit of Furcellaria lumbricalis for the Gulf of Riga. Here, the maximum depth limit of Furcellaria lumbricalis individuals showed a significant correlation with riverine runoff when introducing a delay of 4-8 month (a shorter delay was recorded for southern part of the Gulf of Riga, while a longer delay was recorded for the northern part). For areas located outside of the Gulf of Riga such relationships were not established (Martin et al in preparation).

The growth and net primary production rates of attached and loose-lying forms of F. lumbricalis and Coccotylus truncatus were determined “in situ” at three different incubation depths (4, 6 and 8 m) in Kassari Bay (West Estonian Archipelago Sea) and in Kõiguste Bay (northern Gulf of Riga) in 2002. The highest growth rates were measured for loose-lying F. lumbricalis and C. truncatus which showed a 60-260 % increase in dry weight (depending on the incubation depths) during the investigation period (April-October). Growth rates of attached forms of F. lumbricalis were remarkably lower (by 30-40 %) at all depths. Significant relationships were established between growth rates and water transparency in both areas. The depths of maximum growth rates were lower in the Gulf of Riga than in Kassari Bay (Martin et al. paper accepted to BSSC 2003 as oral presentation). 

Evaluation of the quality element in relation to the WFD

Depth penetration of Furcellaria lumbricalis could be a good quality indicator for the following reasons:

1. Furcellaria occupies hard substrates all over the Baltic Sea where sedimentation gives an opportunity to attach to the bottom and maximum depth penetration of the species is not influenced by salinty (down to salinty values as low as 3-4 PSU).
2. Depth limits of Furcellaria shows a strong relationship with other water quality indicators (e.g. Secchi depth). Depth limits of Furcellaria thus seem to be a better quality element than depth limits of Fucus. But as for the depth limits of eelgrass the models show a wide scatter, and can only serve to describe the overall trend and the relative change in depth limits occurring with a certain range in Secchi depth. They cannot be used for precise estimation of depth limits at a specific Secchi depth.
3. Depth penetration of Furcellaria  correlates with nutrient load in some basins (Gulf of Riga).

Some disadvantages of using this indicator are:

1. Applicability of the measure depends strongly on substrate availability. 

2. As the maximum depth limit may be as deep as 15-20 m, technical problems could occur in routine monitoring procedures.

7. Depth distribution of the total algal community

Actual and historic state and evaluation of long term changes

Blümel C, Schubert M, Steinhart T and Schubert H. (planned for 2003). Development of ecological quality standards for submersed macrophytes of coastal lagoons of the German Baltic Sea. (in prep). 

This work analyses the fundamental ecological conditions of macrophyte communities within three inner coastal waters of the German Baltic Sea. A basic system of typology for macrophytes has been developed which includes the physico-chemical descriptors according to the WFD and the known eco-physiological requirements. The analysis of these ecological requirements led to a minimum matrix of 14 factor combinations for a sufficient ecological characterisation of the communities (table 4). The depth distribution of communities is based on minimum light requirements, thus the ecological description is independent of the actual or historic state of the water body. Therefore the reconstruction of historical macrophyte communities and their historic distribution require the modelling of the historic underwater light climate. For the three investigated inner coastal waters this will be done by a water mixing model, which is based on winter measurements of the underwater light climate. In a next step the reference conditions for macrophyte communities are reconstructed and evaluated by historical records, as soon as possible (table  5).

Table 4. Reconstructed historic macrophyte communities of the inner coastal waters of the southern Baltic Sea related to the hitherto known ranges of the abiotic factors: salinity (Venice system 1958), depth (as percent of surface irradiance SI), substrate type and ice regime in winter time (+ = recorded occurrence, ? = insufficient knowledge). Vegetation communities based on historical records of 80 macrophyte species.


salinity
depth

(as % of SI)
substrate
ice regime


vegetation communities
0.5 - 3 PSU
3 - 5 PSU
5 - 10 PSU
10 - 18 PSU
40%
10%
1%
0.1%
mud
sandy mud
muddy sand
sand
gravel
boulders
blocks
influencing
no influence

1
Enteromorpha stocks

+
+
+
+







+
+
+
data not yet analysed

2
Zostera noltii-Ruppia cirrhosa-comm.

+
+
+
+



+
+
+






3
small Characeen comm.
+
+
+

+




+
+






4
Characeen-Ruppia cirrhosa-comm.
+
?
+
+
+




+
+
+





5
Ruppia cirrhosa-stands
+
+
+
+
+



+
+







6
Najas marina-stands
+
+
+

+
?


+
+







7
large Characeen comm.
+
+
+

+
+


+
+
+






8
epilithic green algae
+
+
+
+
+
+






+
+
+


9
Characeen-Zostera marina comm.
+
?
+
+
+
+


+
+
+
+





10
Chaetomorpha linum drifting algae
+
+
+
+
+
+
?

+
+
+
+
+
+
+


11
Chorda filum stands

+
+
+
+
+
+





+
+
+


12
epilithic red algae

?
+
+
+
+
+





+
+
+


13
Fucus vesiculosus-stands

?
+
+
+
+
+





+
+
+


14
without vegetation1







+







+


Table 5. Out of the data available from historic literature and herbarium material, historic macrophyte vegetation was reconstructed for different parts of the German Baltic coastline. The material was sorted according to table 4   and gives an example of description of the historic macrovegetation of the Wismarbucht (Salzhaff) for a salinity range of 8-13 PSU. The columns refer to the substrate, lines are representing different irradiance availability, converted also to depths, according to the reconstruction of the historic underwater light climate as described by Domin et al. (in press). Grey fields represent nonexistent abiotic conditions. 

Wismarbucht - Salzhaff

Salinity: > 8 PSU


mud
sandy mud
muddy sand
sand
gravel
boulders
blocks

1,2 m

(40%)
Chaetomorpha-drifting algae 

Zostera noltii - Ruppia cirrhosa-community 
Chaetomorpha-drifting algae 

Zostera noltii-Ruppia-cirrhosa- community
Chaetomorpha-drifting algae 
Chaetomorpha-drifting algae 

Fucus vesiculosus-stands

Enteromorpha-stocks (Enteromorpha spec., Monostroma spec., Ulva spec. Ulvaria spec., Ulvopsis spec.)

epilithic red algae (Ahnfeltia plicata, Ceramium spec., Furcellartia fastigiata, Polysiphonia spec.) 


3,0 m

(10%)
Chaetomorpha-drifting algae 

Characeen-Zostera marina-community (Zostera marina, Zannichellia palustris, Chara spec., Tolypella nidifica)
Chorda filum-stands

Fucus vesiculosus-stands

epilithic red algae (Ahnfeltia plicata, Ceramium spec., Furcellaria fastigiata, Polysiphonia spec.) 


6,1 m

(1%)








9 m

(0,1%)








The dependency of macrophyte community structure (density and species composition) on environmental conditions was investigated in a Baltic-wide survey by Feuerpfeil & Schubert during the years 2001/2002. This work included the analysis of the depth distribution of the individual communities, except for the red algae zone, for which the lower depth limit could not always be determined. The results are still in analysis and will be ready by the end of 2003.

Small scale models
Ruuskanen et al.: Study on changes in macroalgal communities along the Finnish coast line, Gulf of Finland, and its relation to the WFD (Preliminary title). In prep. 

The aim of the work is to describe changes in macroalgal communities in the Gulf of Finland during the last ten years. More specifically, the study aims to 1) compare different studies and see if they give equal results, 2) improve field sampling metods and 3) evaluate what kind data would be most important to collect. Data results will be interpreted in relation to the WFD.

Models from the literature

We searched the literature for empirical models relating depth limits of macroalgae to water quality and present a recent model below:

Nielsen et al. 2002 

Nielsen et al. (2002) shows that depth limits (Zc) of brown algae in Danish coastal waters are positively related to secchi depths (Zs) by the equation:

Zc=-1,252+1,427Zs




(R2=0.58, N=84, p<0.0001)

and negatively related to concentrations of total nitrogen (TN) by the equation:

ln Zc=9.717 –1.329ln(TN) 



(R2=0.48, N=111, p<0.0001)

Similarly, the depth limits of other macroalgae are positively related to secchi depths (Zs) by the equation:

Zc=-1,1+1,68Zs





(R2=0.64, N=119, p<0.0001)

and negatively related to concentrations of total nitrogen (TN) by the equation:

ln Zc=9.736 –1.308ln(TN) 



(R2=0.73, N=132, p<0.0001)

Evaluation of the quality element in relation to the WFD
So far, we have found that depth limits of Fucus vesiculosus only partly fulfil the criteria defining good quality elements (Box 1). 

The criteria of a wide potential distribution range, of being relevant for the ecosystem and of being simple to measure are fulfilled. 

By contrast, depth limits of the macroalgal community only partly fulfil the criteria that a good quality element must have well-defined reference conditions. Historic information allowing assessment of reference depth limits of macroalgae is only available for few areas
The criteria that quality elements should respond predictably to human disturbance is also not completely fulfilled. The models from the literature relating the depth distribution of the macroalgal communityto light and nutrient concentrations show a wide scatter and can only serve to describe the overall trend and the relative change in depth limits with a certain range in Secchi depth. They cannot be used for precise estimation of depth limits at a specific Secchi depth. One reason for this scatter can be that abiotic interactions such as lack of suitable substrate can limit the depth distribution of macroalgal communities. Biotic interactions may also restrict the depth distribution of the algal community as mentioned for Fucus vesiculosus in the Finnish Archipelago. Moreover, in the salinity range around 8 PSU, large changes in macrophyte species composition were observed, which are most probably caused by biotic interactions as well. Therefore the complete absence of species or changed depth distribution of several species might be caused by biotic interactions rather than by anthropogenic impacts to the environment. As a consequence, accurate testing of the presence of such interferences for chosen indicator species is a basic requirement for successful application of this parameter for the EU-WFD.

The criteria of a wide potential distribution range and of being relevant of the ecosystem are fulfilled.

The criteria of being simple to measure is not always fulfilled because the algal community may grow so deep that diver investigations can be a problem. 

8. Annual/perennial macroalgae 

Actual and historic state and evaluation of long term changes

Chapter 5 discusses this aspect (see Martin and Torn, in prep.).

Small scale models

Domin A, Schubert H, Krause JC and Schiewer U. Modeling of pristine depth limits for macrophyte growth in the southern Baltic Sea. Hydrobiologia (accepted)

This work reconstructs the pristine habitats of Chara baltica on the basis of specific physical and chemical properties of the habitat and ecophysiological potentials of C. baltica for some shallow semi-enclosed Bodden (see Fig. 22, inner coastal waters, average salinity 4.7-6.6 PSU). 

As discussed in chapter 4, the light attenuation is an important factor for depth distribution of macrophytes. In most cases, historical underwater light data are not available or not usable for the characterization of pristine conditions. Therefore the missing historical underwater light climate data were re-evaluated by a model based on recent measurements of water bodies. Modelling of pristine underwater light conditions was done by recording light attenuation spectra during winter time in a mesotrophic lagoon with actual still low concentrations of humic substances, and low resuspension of sediments. Hence phytoplankton concentrations and their influence on underwater light climate were thought to be as low as in pristine lagoons. Then the surface light intensities of a reference year were used in order to calculate depth-dependent light doses for each lagoon. These results, in combination with species-dependent light requirements for growth (Ek-values from literature), were used to compute pristine depth distribution limits for C. baltica. Finally the calculated model values were compared with data on light climate and recent and historical depth distribution values (Figure 23). 
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Figure 22. Map of the investigated stations. 1=Bodstedter Bodden; 2= Barther Bodden
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Figure 23. Theoretical depth limits and observed depth limits of C. baltica for two boddens of the German coast. Observed depth limits (solid lines) for C. baltica based on herbarial material collected by Holtz (1857 - 1861), data of Lindner (1972), and Yousef (1999). Light availability curves are representing the depth in which a minimum underwater light dose for growth is available (according to the Ek-values). 

Evaluation of the quality element in relation to the WFD

This aspect needs further evaluation.

9. Sensitive species e.g. Charophytes

Actual and historic state and evaluation of long term changes

Domin A, Schubert H, Krause JC and Schiewer U. Modeling of pristine depth limits for macrophyte growth in the southern Baltic Sea. Hydrobiologia (accepted). 

See chapter 8, annual macroalgae. This work shows a shift in depth limits of Charophytes since 1861 regarding two inner coastal waters of the German coast.

Blümel, C., Domin, A., Krause, J.C., Schubert, M., Schiever, U., Schubert, H. 2003. Der historische Makrophytenbewuchs der inneren Gewässer der deutchen Ostseeküste. In prep.

A small scale model for the influence of degradation of inner coastal water bodies on macrophytes community structure (composition, density and depth distribution) is under construction for the German Baltic coast. The model itself is in its final stage and will be ready in autumn 2003. It is based on the typology presented in table 4 and reference conditions sorted as presented in table 5. The database includes 3-years of surveys along the coastline of Mecklenburg-Vorpommern. It gives species composition, density of stands and depth distribution in dependency of the degradation, expressed as trophic status of the individual water body. Degradation classes are as required by the EU-WFD.

Small scale models

Schubert H. Some notes about the use of Charophytes as ecological quality indicator in brackish systems

The presence of at least some Charophyte-species have been shown to be a reliable quality indicator in limnetic ecosystems (e.g. Melzer 198, Berg 1999, Scheffer 1998). Charophytes are believed to be very sensitive to eutrophication, especially to increased turbidity caused by phytoplankton mass development as well as sediment resuspension. It has also been shown that interspecific competition between Spermatophytes and Charophytes influences the occurrence of the latter, which seems to be poor competitors at eutrophic conditions.

However, own investigations in brackish ecosystems of the southern Baltic showed that there was no correlation between the occurrence of Charophytes and nutrient concentrations and no correlation between the occurrence of Charophytes and phytoplankton biomass: 

In a recent project (ELBO), we investigated 5 transitional water bodies of the German Baltic coastline. The system (Salzhaff) with the highest nutrient concentrations with respect to N as well as to P-compounds exhibited large and stable Charophyte-populations, even of “sensitive species” as Tolypella. Salzhaff also had the deepest depth distribution of Charophytes – probably because the phytoplankton concentration was relative low in this region. 

On the other hand, a very turbid, phytoplankton-rich system (Darss-Zingst-Boddenchain), which regularly reaches Chl.a-concentrations up to 250mg m-3 in summer, had lower P and N-concentration than the above mentioned Salzhaff. In this system, the depth limit of the Charophyte meadows were generally lower than in the Salzhaff because of the low water clarity. However, the area populated by Charophytes decreased over almost 2 decades from the late 1970s until around 1994 and since then, a fast increase in Charophyte cover has been observed without any observable changes in nutrient concentrations or phytoplankton biomasses. We have no good explanation for the phenomenon of first decreasing and then increasing occurrence of Charophytes without any measurable changes in nutrient concentrations or phytoplankton biomasses.

There are several possible explanations for these patterns:

1) Changes in the temperature regime may play a role. Chara stands can be found in the Mediterranean in very turbid and heavily degraded lakes. Possibly some species like e.g. Chara canescens and Lamprothamnium papulosum have sub-optimal temperature conditions in our regions. 

2) Changes in grazing by waterfowls may also be important. Just a shift in their time of arrival may make a difference as their effect depend on whether they arrive before or after the Charophytes start to grow.

If the occurrence of Charophytes is not directly linked to eutrophication, their use as quality elements may lead to wrong conclusions. 

Evaluation of the quality element in relation to the WFD

As noted in the previous section the distribution of Charophytes not universally linked to eutrophications and the criterium that a quality element shoud respond predictably to human disturbance is therefore not fully met.

Species lists of Charophytes in historic time exist for some areas and could serve to defined reference conditions.

Charophytes do have a wide geographical distribution range but they occur only in low saline areas and can therefor only serve use as quality element for this type of area.  

10. Area cover and bed structure of Zostera marina

Actual and historic state and evaluation of long term changes

Three CHARM publications treat this subject. We have summarised their main results below.

Boström C, Baden SP, Krause-Jensen D. Scandinavia and the Baltic Sea Region. In Green EP, Short FT, Spalding MD (eds) World Atlas of Seagrasses: present status and future conservation. Planned publication early 2003.

The main long-term changes in depth limits are summarised in chapter 4 and these changes also affect the area distribution.  

Frederiksen M, Krause-Jensen D, Holmer M, Laursen JS. Long-term changes in area distribution of eelgrass (Zostera marina) in Danish coastal waters. Submitted to Aquatic Botany.

Changes in eelgrass area distribution in the period 1940s-1990s were investigated from aerial photographs of 5 shallow-water eelgrass populations in order to identify the size and time scales of fluctuations. In areas where the wasting disease decimated eelgrass meadows in the 1930s, this task included determination of the time scale of recolonization. In addition, we aimed at evaluating whether fluctuations in eelgrass area distribution were related to various natural and human-induced disturbances, namely storm events, ice cover, water temperature and nutrient loading. We found that populations affected by the wasting disease exhibited a time lag of more than 10 years before substantial recolonization began, probably reflecting long distances to seed-producing populations and extreme climatic events in the period (Figure 24). After the initial time lag, eelgrass area distribution increased rapidly, and large recoveries had taken place in the 1960s. All eelgrass populations showed marked inter-annual fluctuations. Declines were often rapid with reductions of about 60% occurring in less than 6 years. Recoveries involving increases in eelgrass area of more than 300% occurred over similar time scales and documented that recolonization may take place relatively fast when suitable environmental conditions are present. Fluctuations in eelgrass area distribution tended to be larger in enclosed, protected bays as compared to open coasts, probably because enclosed sites are often more eutrophic. Changes in eelgrass area distribution did not correlate with the available long-term records of natural and human-induced disturbance parameters. Thus, while deep-water eelgrass populations have declined markedly over the last century in response to eutrophication, long-term changes in shallow-water populations are less equivocal and seem more stochastic.

Frederiksen M, Krause-Jensen D, Holmer M, Laursen JS. Spatial and temporal variation in eelgrass (Zostera marina) landscapes: influence of physical setting. Submitted to Aquatic Botany.

The distribution of eelgrass (Zostera marina) was mapped from aerial photographs at three Danish sites with different levels of physical exposure by digital image analysis at 1 m x 1 m resolution. A set of indices derived from terrestrial landscape ecology made it possible to quantify various components of the eelgrass landscapes such as patch shapes and landscape aggregation in photographs from 1995. Furthermore the long-term fluctuations in the spatial distribution of eelgrass were investigated during the period 1954-1995/99. Eelgrass landscapes exposed to wave dynamics were less aggregated with more elongated patch shapes than the protected eelgrass area. The outline of the larger patches also tended to be more complex at exposed sites. Patch size distribution at all sites was highly skewed with 75-95% of the patches being <10 m2. Although the majority of the patches were small, they only constituted a small proportion of the total eelgrass area because most of the eelgrass area was contained in a few, large patches. Large fluctuations in the spatial distribution of eelgrass occurred at both exposed and protected sites in the course of the investigation period. In the relatively short intervals of ~7 years between two consecutive photographs, on average 39%-62% of the total eelgrass area covered in the photographs had changed (i.e., disappeared or recolonized) and the largest changes occurred at exposed sites. Overall, this study showed that eelgrass populations are dynamic and form characteristic landscapes with a configuration that is highly related to the level of physical exposure.

[image: image15.wmf]
Figure 24. Long-term changes in eelgrass area distrubution at a) Holmstange, b) Boddum, c) Vejle, d) Amager and e) Samsø. Error bars indicate maximum error of interpretation (see text). Eelgrass area distribution is illustrated on both an absolute km2 scale and a relative scale indicating the percentage of the total colonizable area (found by overlaying all mapping results and tracking the outer boundary of the total eelgrass area). From Frederiksen et al. 2003a.

Small scale models

Small-scale models on the cover of Zostera marina is treated in Krause-Jensen et al. (2003) – see summary in chapter 4. 
Evaluation of the quality element in relation to the WFD

Shallow water eelgrass populations do not seem to be useful quality elements because they are to a large extent regulated by physical forces. By contrast, the deep eelgrass populations respond more directly to changing water quality and are more useful as quality elements. Both shallow and deep populations may however experience sudden die backs especielly in eutrophic areas in connection with calm, warm periods with anoxia events. The reason for such incidencies are not fully understood but may be related to incidences of anoxia (Greve et al. 2003). 

A description of area cover and bed structure of eelgrass is very useful, however, for characterising different habitat types.

11. Eelgrass-associated fauna

Actual and historic state and evaluation of long term changes

Böstrom C, Bonsdorff E, Kangas P & Norkko A. 2002. Long-term changes in a brackish-water eelgrass (Zostera marina L.) community indicate effects of coastal eutrophication. Estuarine Coastal Shelf Science 55: 795-804. (Work not financed by CHARM but to be used in connection with CHARM).

The distribution and importance of eelgrass (Zostera marina L.) meadows for associated faunal communities in the coastal waters of the Baltic Sea are still poorly known. In June 1993, a seagrass locality (Tvärminne, SW Finland) thoroughly studied in 1968–71 was revisited in order to detect possible long-term changes in both vegetation structure (distribution, density, biomass) and benthic infauna (species composition, abundance, biomass, distribution and diversity patterns). The same sampling design as in the 1979s was used in both sparse (<20 shoots m-2) and dense (>150 shoots m - 2). In addition the feeding-efficiency of adult flounder (Platichtys flesus L.) on infauna was mmeasured by counting feeding pits in vegetated and bare sand. The analysis shows that the shoot density had increased in sparse Z. marina, while dense Z. marina patches showed similar biomass values (20 g AFDW m - 2) as in the 1970's. In contrast to the vegetation, where little apparent change could be recorded, the total abundance and biomass of zoobenthos has increased significantly between 1968-71 and 1993 in the dense Z. marina patches. These changes are mainly attributed to significant increases of the bivalve Macoma balthica L., mudsnails Hydrobia spp. and oligochaetes. In sparse Z. marina diversity in terms of number of taxa exhibited minor changes over time, whereas in dense Z. marina patches the mean number of taxa has increased from 16 to 20. This study represents a rare example of long-term persistence of seagrass communities in an area where the negative effects of nutrient enrichment are evident. The faunal changes in the Z. marina community indicate increased food availability, which is associated with positive effects of coastal eutrophication. 

As seagrass responses to slowly increasing nutrient enrichment are not gradual, it was concluded, that eventhough stable over the past 25 yrs, the Z. marina communities in the northern Baltic Sea have reached a critical stage where continued eutrophication will most likely involve reduction of seagrass biomass and loss of valuable faunal habitats, and thus possible loss of overall biodiversity. 

In CHARM we will take into account that faunal changes in seagrass meadows reflect eutrophication related changes in the marine environment, and thus are relevant in the classification of the state of coastal waters.

Small scale models

No actual models exist.

Evaluation of the quality element in relation to the WFD

As no models exist we cannot evaluate the potential of this quality element yet.
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		Furc max depth of individuals (coarse)		win_SECCHI		spring_SECCHI		sum_SECCHI		autumn_SECCHI		win		spri		sum		win

		m		m		m		m		m

		0.50		0.86		1.46		1.65		1.04

		2.00		1.71		2.09		2.87		2.98

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		6.00		1.81		5.37		5.96		8.47

		2.00		1.88		3.37		2.98		5.25

		4.00		1.99		2.97		2.55		2.71

		4.00		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		1.00		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.00		2.08		2.18		2.11		2.23

		2.00		2.40		2.40		2.20		2.19

		1.00		2.45				1.42		1.72

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		2.20		2.57		1.73		4.67		4.19

		2.00		2.67		6.78		7.93		8.36

		1.00		2.86		2.38		2.31		2.51

		2.00		3.00		3.48		3.07		2.95

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		2.00		3.01		4.74		3.38		3.94

		4.00		3.02		3.29		2.82		4.23

		4.00		3.07		3.02		3.61		3.23

		2.00		3.07		3.02		3.61		3.23

		4.00		3.15		4.01		4.15		3.21

		4.00		3.17		3.08		3.19		4.07

		2.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		2.10		3.24		3.25		2.84		4.39

		2.00		3.35		2.98		3.18		2.74

		4.00		3.49		4.47		4.71		5.44
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Sheet1

												0.3219625049		0.3908002665		0.5131289673		0.3657582752

		Furc max depth of individuals (coarse)		win_SECCHI		spring_SECCHI		sum_SECCHI		autumn_SECCHI		win		spri		sum		win

		m		m		m		m		m

		0.50		0.86		1.46		1.65		1.04

		2.00		1.71		2.09		2.87		2.98

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		6.00		1.81		5.37		5.96		8.47

		2.00		1.88		3.37		2.98		5.25

		4.00		1.99		2.97		2.55		2.71

		4.00		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		1.00		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.00		2.08		2.18		2.11		2.23

		2.00		2.40		2.40		2.20		2.19

		1.00		2.45				1.42		1.72

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		2.20		2.57		1.73		4.67		4.19

		2.00		2.67		6.78		7.93		8.36

		1.00		2.86		2.38		2.31		2.51

		2.00		3.00		3.48		3.07		2.95

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		2.00		3.01		4.74		3.38		3.94

		4.00		3.02		3.29		2.82		4.23

		4.00		3.07		3.02		3.61		3.23

		2.00		3.07		3.02		3.61		3.23

		4.00		3.15		4.01		4.15		3.21

		4.00		3.17		3.08		3.19		4.07

		2.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		2.10		3.24		3.25		2.84		4.39

		2.00		3.35		2.98		3.18		2.74

		4.00		3.49		4.47		4.71		5.44

		4.00		3.49		4.47		4.71		5.44

		6.00		3.50		6.00		3.94		4.00

		2.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		8.00		3.80		5.88		4.84		6.38

		2.00		3.83		5.12		4.31		4.84

		2.00		3.89		3.73		3.55		4.26

		6.00		3.90		4.78		4.44		6.82

		6.00		3.90		4.78		4.44		6.82

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.93		3.13		4.02		5.67

		2.00		3.93		3.13		4.02		5.67

		2.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.97		2.85		3.79		4.64

		2.00		4.00		3.65		4.73		3.99

		4.00		4.00		3.65		4.73		3.99

		2.00		4.00		4.63		4.36		5.15

		4.00		4.00		4.73		4.42		4.16

		8.00		4.11		4.57		7.13		7.92

		8.00		4.11		4.57		7.13		7.92

		10.00		4.11		4.57		7.13		7.92

		10.00		4.11		4.57		7.13		7.92

		4.00		4.11		4.57		7.13		7.92

		4.00		4.11		4.57		7.13		7.92

		4.00		4.20		3.45		3.05		4.00

		4.00		4.33		4.21		4.46		4.45

		2.00		4.37		5.80		5.54		5.94

		4.00		4.37		5.80		5.54		5.94

		4.00		4.37		5.80		5.54		5.94

		2.00		4.37		5.80		5.54		5.94

		2.00		4.37		5.80		5.54		5.94

		2.00		4.37		4.09		3.38		3.00

		4.00		4.38		3.62		2.92		3.62

		2.00		4.38		3.62		2.92		3.62

		4.00		4.38		3.62		2.92		3.62

		4.00		4.38		3.62		2.92		3.62

		4.00		4.39		4.72		4.89		6.95

		6.00		4.45		6.23		4.53		7.31

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		10.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		10.00		4.49		3.19		4.94		4.90

		8.00		4.49		3.19		4.94		4.90

		8.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		2.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		4.00		4.50		5.00		3.92		6.22

		4.00		4.50		5.00		3.92		6.22

		4.00		4.50		5.00		3.92		6.22

		1.00		4.50		7.64		6.70		7.26

		4.00		4.50		7.64		6.70		7.26

		2.00		4.60		4.54		4.26		4.23

		4.00		4.60		4.54		4.26		4.23

		4.00		4.60		4.54		4.26		4.23

		1.50		4.65		1.48		4.56		3.98

		4.00		4.75		4.11		3.29		3.96

		4.00		4.80		6.70		5.72		5.44

		2.00		4.81		5.44		4.13		5.79

		2.00		4.81		5.44		4.13		5.79

		4.00		4.81		5.44		4.13		5.79

		4.00		4.81		5.44		4.13		5.79

		2.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		3.00		4.90		4.77		4.43		4.78

		2.00		4.99		4.95		5.98		4.38

		4.00		4.99		4.95		5.98		4.38

		6.00		5.00		5.00		4.82		9.35

		2.00		5.04		6.09		7.07		7.29

		4.00		5.04		6.09		7.07		7.29

		1.00		5.04		6.09		7.07		7.29

		2.00		5.04		6.09		7.07		7.29

		2.00		5.04		6.09		7.07		7.29

		8.00		5.04		6.09		7.07		7.29

		2.00		5.05		4.82		3.84		5.74

		0.50		5.05		3.10		3.37		4.59

		1.00		5.05		3.10		3.37		4.59

		1.00		5.05		3.10		3.37		4.59

		4.00		5.08		4.03		4.24		5.44

		6.00		5.10		5.29		4.46		6.26

		6.00		5.10		5.29		4.46		6.26

		4.00		5.10		5.29		4.46		6.26

		2.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		4.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		2.50		5.12		4.48		4.36		5.12

		2.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		2.00		5.19		5.85		5.31		4.77

		2.00		5.22		4.19		5.47		5.16

		2.00		5.22		4.19		5.47		5.16

		4.00		5.22		4.19		5.47		5.16

		4.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		6.00		5.29		4.52		5.12		6.35

		6.00		5.29		4.71		4.94		5.85

		4.00		5.30		3.72		4.14		4.59

		10.20		5.32		4.85		6.56		6.56

		9.30		5.32		4.85		6.56		6.56

		2.00		5.36		6.71		8.30		7.54

		2.00		5.36		6.71		8.30		7.54

		2.00		5.37		5.36		6.07		5.68

		4.00		5.50		5.12		4.49		4.75

		2.00		5.50		5.12		4.49		4.75

		4.00		5.64		6.48		4.77		4.83

		4.00		5.64		6.48		4.77		4.83

		4.00		5.64		5.99		4.87		6.88

		6.00		5.65		5.29		3.94		7.10

		7.20		5.65		6.02		5.90		6.07

		12.60		5.68		5.15		8.58		9.16

		12.50		5.68		5.15		8.58		9.16

		2.00		5.73		4.69		4.57		8.11

		6.00		5.75		5.15		4.36		7.90

		2.00		5.75		5.15		4.36		7.90

		12.00		5.76		4.19		7.62		7.04

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.78		7.26		5.07		7.03

		4.00		5.78		7.26		5.07		7.03

		5.70		5.82		7.32		4.68		6.46

		3.20		5.82		7.32		4.68		6.46

		4.00		5.90		3.98		4.12		6.46

		4.00		5.90		4.67		3.74		7.28

		4.00		5.90		4.67		3.74		7.28

		4.00		5.97		6.19		6.81		4.70

		8.00		5.97		6.19		6.81		4.70

		2.00		5.99		6.02		4.52		5.10

		2.00		5.99		6.02		4.52		5.10

		5.20		5.99		6.02		4.52		5.10

		6.00		6.00		6.70		4.85		8.06

		4.00		6.04		4.72		3.99		3.31

		4.00		6.05		6.83		6.42		7.34

		1.00		6.05		6.83		6.42		7.34

		6.00		6.07		5.65		6.15		4.33

		13.50		6.13		6.45		8.09		9.02

		11.10		6.13		6.45		8.09		9.02

		2.00		6.16		5.85		5.09		5.12

		2.00		6.17		5.05		4.38		4.29

		4.00		6.18		5.33		5.83		3.55
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		5.9886188272

		5.9886188272

		4.5227327788

		4.7062807882

		3.715

		4.85

		4.85

		6.7139592648

		6.7139592648

		5.3573426573

		5.1239642857

		5.1239642857

		6.4794346979

		6.4794346979

		5.9881632653

		5.2948571429

		6.0191176471

		5.1527272727

		5.1527272727

		4.6920765027

		5.1502222222

		5.1502222222

		4.1920731707

		4.5786619119

		4.5786619119

		4.5786619119

		5.9697014052

		5.9697014052

		5.9697014052

		5.9697014052

		7.26

		7.26

		7.3163510458

		7.3163510458

		3.9781746032

		4.6693333333

		4.6693333333

		6.1901587302

		6.1901587302

		6.0195473251

		6.0195473251

		6.0195473251

		6.7

		4.7178776683

		6.8284469697

		6.8284469697

		5.6462912088

		6.45

		6.45

		5.8542622951

		5.0477283372

		5.3287529168

		5.6651215376

		4.8594650206

		6.2143830889

		6.612244898

		6.612244898

		6.612244898

		6.612244898

		4.4428702657

		4.6198757764

		4.6198757764

		4.6198757764

		5.4470760234

		5.4470760234

		5.4470760234

		5.4470760234

		5.8103021978

		5.8103021978

		5.8103021978

		6.2011124122

		6.2011124122

		6.2011124122

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		5.1398035613

		5.0109375

		5.0109375

		6.6615384615

		5.361038961

		4.9569327731

		3.6379802956

		3.6379802956

		6.565

		6.565

		5.25

		5.25

		10.1948979592

		10.1948979592

		5.2443609023

		5.2443609023

		5.4447306792

		5.4447306792

		5.4447306792

		5.4447306792

		5.4447306792

		5.9708691127

		5.9708691127

		5.8402777778

		5.8402777778

		5.45

		4.7153846154

		4.7153846154

		4.7153846154

		4.7153846154

		8.2391304348

		8.2391304348

		8.2391304348

		6.0090909091

		5.5360254083

		5.5360254083

		7.3357142857

		7.3357142857

		5.9203266788

		7.1688276205

		7.1688276205

		6.6704545455

		6.6704545455

		5.9286533958

		5.9286533958

		6.0203125

		4.7531414744

		4.7531414744

		4.7531414744

		8.2

		8.2

		8.2

		8.2

		7.1680769231

		4.3020597128

		4.3020597128

		4.3020597128

		9.2321428571

		9.2321428571

		5.3983186213

		5.3983186213

		5.3983186213

		5.3983186213

		5.3983186213

		6.7325581395

		6.6104215457

		6.6104215457

		10.4285714286

		10.4285714286

		6.8

		12

		12

		5.8996646796

		5.8996646796

		5.8996646796

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		8.5324137931

		8.5324137931

		8.5324137931

		7.8428571429
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		1.6490354938

		2.8672222222

		5.9607142857

		5.9607142857

		5.9607142857

		5.9607142857

		2.9821428571

		2.5501167134

		2.5501167134

		2.5501167134

		2.5501167134

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		4.2151416122

		4.2151416122

		4.2151416122

		2.1121777778

		2.1976453488

		1.4171538462

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		4.6703389831

		7.9333680556

		2.3143479614

		3.0715958606

		3.7115789474

		3.7115789474

		3.7115789474

		3.3816666667

		2.8247638725

		3.6117117117

		3.6117117117

		4.1473063973

		3.1897058824

		3.1897058824

		3.1897058824

		3.1897058824

		2.841902687

		3.1797852474

		4.7051198257

		4.7051198257

		3.9370967742

		4.8373571429

		4.8373571429

		4.8373571429

		4.8373571429

		4.8373571429

		4.3064285714

		3.5478576616

		4.4418845316

		4.4418845316

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.0160098522

		4.0160098522

		5.7718421053

		5.7718421053

		5.7718421053

		5.7718421053

		5.7718421053

		3.7903552874

		4.7254504505

		4.7254504505

		4.3644067797

		4.4235294118

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		3.0516949153

		4.4609649123

		5.5407894737

		5.5407894737

		5.5407894737

		5.5407894737

		5.5407894737

		3.3791666667

		2.9225913822

		2.9225913822

		2.9225913822

		2.9225913822

		4.887793177

		4.5333333333

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		3.9152542373

		3.9152542373

		3.9152542373

		6.7038007957

		6.7038007957

		4.2643518519

		4.2643518519

		4.2643518519

		4.5592592593

		3.2909017453

		5.7223707665

		4.1285325241

		4.1285325241

		4.1285325241

		4.1285325241

		3.9376301803

		3.9376301803

		3.9376301803

		3.9376301803

		4.428898226

		5.9808558559

		5.9808558559

		4.8173945783

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		3.8449648712

		3.3728243671

		3.3728243671

		3.3728243671

		4.2442857143

		4.4644021739

		4.4644021739

		4.4644021739

		4.1687651332

		4.1687651332

		4.1687651332

		4.1687651332

		4.1687651332

		4.3561437908

		5.0460504202

		5.0460504202

		5.0460504202

		5.0460504202

		5.3079106858

		5.468311138

		5.468311138

		5.468311138

		5.8280882353

		5.8280882353

		5.8280882353

		5.8280882353

		5.1157066052

		4.9399385561

		4.1387755102

		6.5647575251

		6.5647575251

		8.2958138811

		8.2958138811

		6.0692977191

		4.4866829268

		4.4866829268

		4.7660493827

		4.7660493827

		4.8706267304

		3.9447306792

		5.8980679157

		8.5833333333

		8.5833333333

		4.5734454939

		4.3636794171

		4.3636794171

		7.6175

		5.8142857143

		5.8142857143

		5.8142857143

		4.5974448316

		4.5974448316

		4.5974448316

		4.5974448316

		5.0695884774

		5.0695884774

		4.6770553836

		4.6770553836

		4.1166388889

		3.7365220012

		3.7365220012

		6.8124875125

		6.8124875125

		4.5160298103

		4.5160298103

		4.5160298103

		4.8481132075

		3.9866013072

		6.4156734007

		6.4156734007

		6.1463585434

		8.0901234568

		8.0901234568

		5.0901143791

		4.3803921569

		5.8266917293

		7.2218534483

		5.4651286441

		4.3862917097

		6.7625

		6.7625

		6.7625

		6.7625

		4.451584507

		6.5867088608

		6.5867088608

		6.5867088608

		5.5301692421

		5.5301692421

		5.5301692421

		5.5301692421

		5.0966628959

		5.0966628959

		5.0966628959

		4.3183719434

		4.3183719434

		4.3183719434

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		5.9413485222

		4.4939393939

		4.4939393939

		3.8225

		3.2358024691

		5.8138888889

		2.9013262599

		2.9013262599

		6.0706864564

		6.0706864564

		4.4353448276

		4.4353448276

		9.283203125

		9.283203125

		4.5192541857

		4.5192541857

		5.7638655462

		5.7638655462

		5.7638655462

		5.7638655462

		5.7638655462

		4.4596119929

		4.4596119929

		4.3890306122

		4.3890306122

		3.3333333333

		4.2021105365

		4.2021105365

		4.2021105365

		4.2021105365

		5.59

		5.59

		5.59

		6.3459016393

		4.1992481203

		4.1992481203

		7.1348571429

		7.1348571429

		6.2733834586

		8.4202131964

		8.4202131964

		4.9921568627

		4.9921568627

		4.9277824463

		4.9277824463

		6.5792717087

		5.4068536726

		5.4068536726

		5.4068536726

		5.7290222222

		5.7290222222

		5.7290222222

		5.7290222222

		5.7383673469

		3.8997354497

		3.8997354497

		3.8997354497

		10.5488372093

		10.5488372093

		5.1773486902

		5.1773486902

		5.1773486902

		5.1773486902

		5.1773486902

		5.6159834624

		5.5078125

		5.5078125

		10.0081967213

		10.0081967213

		7

		7.9664556962

		7.9664556962

		3.932862448

		3.932862448

		3.932862448

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		3.034375

		3.034375

		3.034375

		6.2985981308

		5.1951612903

		4.8337301587

		4.2278125

		4.2278125

		5.9301136364

		5.9301136364
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		1.0434285714

		2.9797101449

		8.4717744212

		8.4717744212

		8.4717744212

		8.4717744212

		5.2458333333

		2.70625

		2.70625

		2.70625

		2.70625

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.819828722

		4.819828722

		4.819828722

		2.2253968254

		2.18984375

		1.7201212121

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		4.1877192982

		8.363875

		2.5086580087

		2.9483695652

		4.526

		4.526

		4.526

		3.9444444444

		4.2327142857

		3.2255208333

		3.2255208333

		3.2113354037

		4.0720410628

		4.0720410628

		4.0720410628

		4.0720410628

		4.3877799736

		2.7411764706

		5.442

		5.442

		4

		6.375

		6.375

		6.375

		6.375

		6.375

		4.841

		4.2604938272

		6.818

		6.818

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		5.6669642857

		5.6669642857

		6.25

		6.25

		6.25

		6.25

		6.25

		4.6416666667

		3.9880208333

		3.9880208333

		5.1483050847

		4.1618037135

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		4.0016666667

		4.4474137931

		5.9446969697

		5.9446969697

		5.9446969697

		5.9446969697

		5.9446969697

		3

		3.6230263158

		3.6230263158

		3.6230263158

		3.6230263158

		6.9542978208

		7.3131578947

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		6.218220339

		6.218220339

		6.218220339

		7.2595496894

		7.2595496894

		4.225

		4.225

		4.225

		3.982

		3.9572004608

		5.4383138413

		5.7949595456

		5.7949595456

		5.7949595456

		5.7949595456

		4.2583223841

		4.2583223841

		4.2583223841

		4.2583223841

		4.7782608696

		4.3838541667

		4.3838541667

		9.3476973684

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		5.742

		4.5871794872

		4.5871794872

		4.5871794872

		5.4429824561

		6.2622807018

		6.2622807018

		6.2622807018

		4.9465909091

		4.9465909091

		4.9465909091

		4.9465909091

		4.9465909091

		5.1248214286

		5.1316614907

		5.1316614907

		5.1316614907

		5.1316614907

		4.7704545455

		5.1568181818

		5.1568181818

		5.1568181818

		6.3035714286

		6.3035714286

		6.3035714286

		6.3035714286

		6.350877193

		5.8482142857

		4.5918719212

		6.5615384615

		6.5615384615

		7.5428571429

		7.5428571429

		5.6836734694

		4.7481481481

		4.7481481481

		4.825

		4.825

		6.8790842284

		7.1004716981

		6.0707686335

		9.1552631579

		9.1552631579

		8.1072857143

		7.9005660377

		7.9005660377

		7.0407651072

		4.9340909091

		4.9340909091

		4.9340909091

		4.5216988728

		4.5216988728

		4.5216988728

		4.5216988728

		7.0261648746

		7.0261648746

		6.461873811

		6.461873811

		6.4577358491

		7.2845320197

		7.2845320197

		4.7038043478

		4.7038043478

		5.0950666667

		5.0950666667
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Sheet1

												0.3219625049		0.3908002665		0.5131289673		0.3657582752

		Furc max depth of individuals (coarse)		win_SECCHI		spring_SECCHI		sum_SECCHI		autumn_SECCHI		win		spri		sum		win

		m		m		m		m		m

		0.50		0.86		1.46		1.65		1.04

		2.00		1.71		2.09		2.87		2.98

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		6.00		1.81		5.37		5.96		8.47

		2.00		1.88		3.37		2.98		5.25

		4.00		1.99		2.97		2.55		2.71

		4.00		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		1.00		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.00		2.08		2.18		2.11		2.23

		2.00		2.40		2.40		2.20		2.19

		1.00		2.45				1.42		1.72

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		2.20		2.57		1.73		4.67		4.19

		2.00		2.67		6.78		7.93		8.36

		1.00		2.86		2.38		2.31		2.51

		2.00		3.00		3.48		3.07		2.95

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		2.00		3.01		4.74		3.38		3.94

		4.00		3.02		3.29		2.82		4.23

		4.00		3.07		3.02		3.61		3.23

		2.00		3.07		3.02		3.61		3.23

		4.00		3.15		4.01		4.15		3.21

		4.00		3.17		3.08		3.19		4.07

		2.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		2.10		3.24		3.25		2.84		4.39

		2.00		3.35		2.98		3.18		2.74

		4.00		3.49		4.47		4.71		5.44

		4.00		3.49		4.47		4.71		5.44

		6.00		3.50		6.00		3.94		4.00

		2.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		8.00		3.80		5.88		4.84		6.38

		2.00		3.83		5.12		4.31		4.84

		2.00		3.89		3.73		3.55		4.26

		6.00		3.90		4.78		4.44		6.82

		6.00		3.90		4.78		4.44		6.82

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.93		3.13		4.02		5.67

		2.00		3.93		3.13		4.02		5.67

		2.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25
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Sheet1

												0.3219625049		0.3908002665		0.5131289673		0.3657582752

		Furc max depth of individuals (coarse)		win_SECCHI		spring_SECCHI		sum_SECCHI		autumn_SECCHI		win		spri		sum		win

		m		m		m		m		m

		0.50		0.86		1.46		1.65		1.04

		2.00		1.71		2.09		2.87		2.98

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		4.00		1.81		5.37		5.96		8.47

		6.00		1.81		5.37		5.96		8.47

		2.00		1.88		3.37		2.98		5.25

		4.00		1.99		2.97		2.55		2.71

		4.00		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		2.90		1.99		2.97		2.55		2.71

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		4.00		2.05		3.70		3.35		4.05

		2.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		5.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		3.00		2.05		3.70		3.35		4.05

		1.00		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.10		2.06		2.80		4.22		4.82

		2.00		2.08		2.18		2.11		2.23

		2.00		2.40		2.40		2.20		2.19

		1.00		2.45				1.42		1.72

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		4.00		2.53		2.89		3.27		2.66

		2.20		2.57		1.73		4.67		4.19

		2.00		2.67		6.78		7.93		8.36

		1.00		2.86		2.38		2.31		2.51

		2.00		3.00		3.48		3.07		2.95

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		4.00		3.01		3.61		3.71		4.53

		2.00		3.01		4.74		3.38		3.94

		4.00		3.02		3.29		2.82		4.23

		4.00		3.07		3.02		3.61		3.23

		2.00		3.07		3.02		3.61		3.23

		4.00		3.15		4.01		4.15		3.21

		4.00		3.17		3.08		3.19		4.07

		2.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		4.00		3.17		3.08		3.19		4.07

		2.10		3.24		3.25		2.84		4.39

		2.00		3.35		2.98		3.18		2.74

		4.00		3.49		4.47		4.71		5.44

		4.00		3.49		4.47		4.71		5.44

		6.00		3.50		6.00		3.94		4.00

		2.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		4.00		3.80		5.88		4.84		6.38

		8.00		3.80		5.88		4.84		6.38

		2.00		3.83		5.12		4.31		4.84

		2.00		3.89		3.73		3.55		4.26

		6.00		3.90		4.78		4.44		6.82

		6.00		3.90		4.78		4.44		6.82

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.91		5.19		4.15		4.87

		2.00		3.91		5.19		4.15		4.87

		4.00		3.93		3.13		4.02		5.67

		2.00		3.93		3.13		4.02		5.67

		2.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.95		4.96		5.77		6.25

		4.00		3.97		2.85		3.79		4.64

		2.00		4.00		3.65		4.73		3.99

		4.00		4.00		3.65		4.73		3.99

		2.00		4.00		4.63		4.36		5.15

		4.00		4.00		4.73		4.42		4.16

		8.00		4.11		4.57		7.13		7.92

		8.00		4.11		4.57		7.13		7.92

		10.00		4.11		4.57		7.13		7.92

		10.00		4.11		4.57		7.13		7.92

		4.00		4.11		4.57		7.13		7.92

		4.00		4.11		4.57		7.13		7.92

		4.00		4.20		3.45		3.05		4.00

		4.00		4.33		4.21		4.46		4.45

		2.00		4.37		5.80		5.54		5.94

		4.00		4.37		5.80		5.54		5.94

		4.00		4.37		5.80		5.54		5.94

		2.00		4.37		5.80		5.54		5.94

		2.00		4.37		5.80		5.54		5.94

		2.00		4.37		4.09		3.38		3.00

		4.00		4.38		3.62		2.92		3.62

		2.00		4.38		3.62		2.92		3.62

		4.00		4.38		3.62		2.92		3.62

		4.00		4.38		3.62		2.92		3.62

		4.00		4.39		4.72		4.89		6.95

		6.00		4.45		6.23		4.53		7.31

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		10.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		10.00		4.49		3.19		4.94		4.90

		8.00		4.49		3.19		4.94		4.90

		8.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		2.00		4.49		3.19		4.94		4.90

		4.00		4.49		3.19		4.94		4.90

		6.00		4.49		3.19		4.94		4.90

		4.00		4.50		5.00		3.92		6.22

		4.00		4.50		5.00		3.92		6.22

		4.00		4.50		5.00		3.92		6.22

		1.00		4.50		7.64		6.70		7.26

		4.00		4.50		7.64		6.70		7.26

		2.00		4.60		4.54		4.26		4.23

		4.00		4.60		4.54		4.26		4.23

		4.00		4.60		4.54		4.26		4.23

		1.50		4.65		1.48		4.56		3.98

		4.00		4.75		4.11		3.29		3.96

		4.00		4.80		6.70		5.72		5.44

		2.00		4.81		5.44		4.13		5.79

		2.00		4.81		5.44		4.13		5.79

		4.00		4.81		5.44		4.13		5.79

		4.00		4.81		5.44		4.13		5.79

		2.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		4.00		4.84		5.13		3.94		4.26

		3.00		4.90		4.77		4.43		4.78

		2.00		4.99		4.95		5.98		4.38

		4.00		4.99		4.95		5.98		4.38

		6.00		5.00		5.00		4.82		9.35

		2.00		5.04		6.09		7.07		7.29

		4.00		5.04		6.09		7.07		7.29

		1.00		5.04		6.09		7.07		7.29

		2.00		5.04		6.09		7.07		7.29

		2.00		5.04		6.09		7.07		7.29

		8.00		5.04		6.09		7.07		7.29

		2.00		5.05		4.82		3.84		5.74

		0.50		5.05		3.10		3.37		4.59

		1.00		5.05		3.10		3.37		4.59

		1.00		5.05		3.10		3.37		4.59

		4.00		5.08		4.03		4.24		5.44

		6.00		5.10		5.29		4.46		6.26

		6.00		5.10		5.29		4.46		6.26

		4.00		5.10		5.29		4.46		6.26

		2.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		4.00		5.11		2.90		4.17		4.95

		2.00		5.11		2.90		4.17		4.95

		2.50		5.12		4.48		4.36		5.12

		2.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		4.00		5.18		4.04		5.05		5.13

		2.00		5.19		5.85		5.31		4.77

		2.00		5.22		4.19		5.47		5.16

		2.00		5.22		4.19		5.47		5.16

		4.00		5.22		4.19		5.47		5.16

		4.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		2.00		5.27		5.99		5.83		6.30

		6.00		5.29		4.52		5.12		6.35

		6.00		5.29		4.71		4.94		5.85

		4.00		5.30		3.72		4.14		4.59

		10.20		5.32		4.85		6.56		6.56

		9.30		5.32		4.85		6.56		6.56

		2.00		5.36		6.71		8.30		7.54

		2.00		5.36		6.71		8.30		7.54

		2.00		5.37		5.36		6.07		5.68

		4.00		5.50		5.12		4.49		4.75

		2.00		5.50		5.12		4.49		4.75

		4.00		5.64		6.48		4.77		4.83

		4.00		5.64		6.48		4.77		4.83

		4.00		5.64		5.99		4.87		6.88

		6.00		5.65		5.29		3.94		7.10

		7.20		5.65		6.02		5.90		6.07

		12.60		5.68		5.15		8.58		9.16

		12.50		5.68		5.15		8.58		9.16

		2.00		5.73		4.69		4.57		8.11

		6.00		5.75		5.15		4.36		7.90

		2.00		5.75		5.15		4.36		7.90

		12.00		5.76		4.19		7.62		7.04

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		4.58		5.81		4.93

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.77		5.97		4.60		4.52

		4.00		5.78		7.26		5.07		7.03

		4.00		5.78		7.26		5.07		7.03

		5.70		5.82		7.32		4.68		6.46

		3.20		5.82		7.32		4.68		6.46

		4.00		5.90		3.98		4.12		6.46

		4.00		5.90		4.67		3.74		7.28

		4.00		5.90		4.67		3.74		7.28

		4.00		5.97		6.19		6.81		4.70

		8.00		5.97		6.19		6.81		4.70

		2.00		5.99		6.02		4.52		5.10

		2.00		5.99		6.02		4.52		5.10

		5.20		5.99		6.02		4.52		5.10

		6.00		6.00		6.70		4.85		8.06

		4.00		6.04		4.72		3.99		3.31

		4.00		6.05		6.83		6.42		7.34

		1.00		6.05		6.83		6.42		7.34

		6.00		6.07		5.65		6.15		4.33

		13.50		6.13		6.45		8.09		9.02

		11.10		6.13		6.45		8.09		9.02

		2.00		6.16		5.85		5.09		5.12

		2.00		6.17		5.05		4.38		4.29

		4.00		6.18		5.33		5.83		3.55

		5.00		6.21		5.67		7.22		6.02

		2.00		6.25		4.86		5.47		8.92

		4.00		6.29		6.21		4.39		6.00

		8.00		6.32		6.61		6.76		6.19

		10.00		6.32		6.61		6.76		6.19

		10.00		6.32		6.61		6.76		6.19

		6.00		6.32		6.61		6.76		6.19

		6.00		6.33		4.44		4.45		5.50

		4.00		6.41		4.62		6.59		9.06

		4.00		6.41		4.62		6.59		9.06

		4.00		6.41		4.62		6.59		9.06

		1.00		6.48		5.45		5.53		5.48

		4.00		6.48		5.45		5.53		5.48

				6.48		5.45		5.53		5.48

		8.00		6.48		5.45		5.53		5.48

		4.00		6.50		5.81		5.10		5.22

		4.00		6.50		5.81		5.10		5.22

		4.00		6.50		5.81		5.10		5.22

		6.00		6.53		6.20		4.32		7.16

		6.00		6.53		6.20		4.32		7.16

		6.00		6.53		6.20		4.32		7.16

		8.00		6.56		6.55		6.10		8.52

		6.00		6.56		6.55		6.10		8.52

		8.00		6.56		6.55		6.10		8.52

		4.00		6.56		6.55		6.10		8.52

		8.00		6.56		6.55		6.10		8.52

		8.00		6.56		6.55		6.10		8.52

		6.00		6.56		6.55		6.10		8.52

		6.00		6.66		5.14		5.94		5.96

		4.00		6.67		5.01		4.49		5.54

		4.00		6.67		5.01		4.49		5.54

		4.00		6.69		6.66		3.82		6.80

		4.00		6.70		5.36		3.24		7.26

		6.00		6.71		4.96		5.81		9.36

		4.00		6.71		3.64		2.90		5.75

		4.00		6.71		3.64		2.90		5.75

		2.00		6.73		6.57		6.07		9.04

		2.00		6.73		6.57		6.07		9.04

		4.00		6.75		5.25		4.44		5.75

		4.00		6.75		5.25		4.44		5.75

		14.00		6.80		10.19		9.28		6.78

		12.00		6.80		10.19		9.28		6.78

		6.00		6.82		5.24		4.52		5.50

		2.00		6.82		5.24		4.52		5.50

		4.00		6.85		5.44		5.76		5.12

		4.00		6.85		5.44		5.76		5.12

		4.00		6.85		5.44		5.76		5.12

		4.00		6.85		5.44		5.76		5.12

		2.00		6.85		5.44		5.76		5.12

		4.00		6.90		5.97		4.46		6.36

		2.00		6.90		5.97		4.46		6.36

		4.00		6.96		5.84		4.39		6.92

		6.00		6.96		5.84		4.39		6.92

		4.00		6.99		5.45		3.33		5.31

		4.00		7.00		4.72		4.20		6.53

		4.00		7.00		4.72		4.20		6.53

		4.00		7.00		4.72		4.20		6.53

		4.00		7.00		4.72		4.20		6.53

		6.00		7.02		8.24		5.59		6.56

		4.00		7.02		8.24		5.59		6.56

		2.00		7.02		8.24		5.59		6.56

		2.00		7.09		6.01		6.35		8.05

		4.00		7.10		5.54		4.20		6.64

		4.00		7.10		5.54		4.20		6.64

		12.50		7.10		7.34		7.13		7.78

		9.30		7.10		7.34		7.13		7.78

		6.00		7.10		5.92		6.27		9.13

		2.00		7.12		7.17		8.42		6.45

		2.00		7.12		7.17		8.42		6.45

		10.00		7.32		6.67		4.99		6.00

		4.00		7.32		6.67		4.99		6.00

		4.00		7.38		5.93		4.93		5.23

		4.00		7.38		5.93		4.93		5.23

		2.00		7.45		6.02		6.58		7.34

		4.00		7.49		4.75		5.41		4.33

		4.00		7.49		4.75		5.41		4.33

		2.00		7.49		4.75		5.41		4.33

		2.00		7.50		8.20		5.73		9.41

		4.00		7.50		8.20		5.73		9.41

		4.00		7.50		8.20		5.73		9.41

		6.00		7.50		8.20		5.73		9.41

		4.00		7.58		7.17		5.74		7.57

		4.00		7.61		4.30		3.90		8.08

		4.00		7.61		4.30		3.90		8.08

		4.00		7.61		4.30		3.90		8.08

		8.00		7.63		9.23		10.55		8.06

		10.50		7.63		9.23		10.55		8.06

		6.00		7.68		5.40		5.18		6.94

		8.00		7.68		5.40		5.18		6.94

		8.00		7.68		5.40		5.18		6.94

		10.00		7.68		5.40		5.18		6.94

		6.00		7.68		5.40		5.18		6.94

		6.00		7.75		6.73		5.62		8.36

		4.00		7.81		6.61		5.51		7.50

		2.00		7.81		6.61		5.51		7.50

		14.00		7.82		10.43		10.01		7.28

		14.00		7.82		10.43		10.01		7.28

		10.00		8.14		6.80		7.00		6.35

		12.00		8.20		12.00		7.97		8.70

		10.00		8.20		12.00		7.97		8.70

		1.00		8.53		5.90		3.93		5.98

		4.00		8.53		5.90		3.93		5.98

		4.00		8.53		5.90		3.93		5.98

		6.00		10.40		5.85		6.63		7.09

		8.00		10.40		5.85		6.63		7.09

		10.00		10.40		5.85		6.63		7.09

		8.00		10.40		5.85		6.63		7.09

		10.00		10.40		5.85		6.63		7.09

		8.00		10.40		5.85		6.63		7.09

		4.00		10.40		5.85		6.63		7.09

		2.00		10.40		5.85		6.63		7.09

		4.00		10.40		5.85		6.63		7.09

		2.00		10.40		5.85		6.63		7.09

		6.00		11.17		8.53		3.03		13.53

		6.00		11.17		8.53		3.03		13.53

		4.00		11.17		8.53		3.03		13.53

		1.90				7.84		6.30		7.91

		8.00						5.20		7.00

		2.00						4.83		7.04

		1.00						4.23		4.80

		0.50						4.23		4.80

		4.00				7.18		5.93		9.20

		4.00				7.18		5.93		9.20





Sheet2

		





Sheet2

		0.8586956522

		1.7110169492

		1.805982906

		1.805982906

		1.805982906

		1.805982906

		1.8779840849

		1.99031477

		1.99031477

		1.99031477

		1.99031477

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.05

		2.0642857143

		2.0642857143

		2.0642857143

		2.075

		2.4

		2.45

		2.5287267081

		2.5287267081

		2.5287267081

		2.5287267081

		2.5287267081

		2.5287267081

		2.5287267081

		2.5669312169

		2.6654135338

		2.8586594761

		3.0027037934

		3.0089960887

		3.0089960887

		3.0089960887

		3.0091463415

		3.0211538462

		3.0680371353

		3.0680371353

		3.1542857143

		3.1683760684

		3.1683760684

		3.1683760684

		3.1683760684

		3.2417582418

		3.3542929293

		3.4866300366

		3.4866300366

		3.5

		3.8

		3.8

		3.8

		3.8

		3.8

		3.825

		3.8918181818

		3.8988705739

		3.8988705739

		3.9080851064

		3.9080851064

		3.9080851064

		3.9080851064

		3.9080851064

		3.9080851064

		3.9346405229

		3.9346405229

		3.95

		3.95

		3.95

		3.95

		3.95

		3.9745762712

		3.9986571618

		3.9986571618

		4

		4.001397624

		4.1079545455

		4.1079545455

		4.1079545455

		4.1079545455

		4.1079545455

		4.1079545455

		4.2

		4.3258333333

		4.365

		4.365

		4.365

		4.365

		4.365

		4.3732142857

		4.3837044534

		4.3837044534

		4.3837044534

		4.3837044534

		4.39

		4.45

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.4899447426

		4.5

		4.5

		4.5

		4.5

		4.5

		4.6

		4.6

		4.6

		4.6520661157

		4.75

		4.7992662474

		4.812066365

		4.812066365

		4.812066365

		4.812066365

		4.8400659134

		4.8400659134

		4.8400659134

		4.8400659134

		4.8987100276

		4.9880636605

		4.9880636605

		5

		5.0366666667

		5.0366666667

		5.0366666667

		5.0366666667

		5.0366666667

		5.0366666667

		5.05

		5.05

		5.05

		5.05

		5.0765306122

		5.1002747253

		5.1002747253

		5.1002747253

		5.1122727273

		5.1122727273

		5.1122727273

		5.1122727273

		5.1122727273

		5.1219632768

		5.1756350114

		5.1756350114

		5.1756350114

		5.1756350114

		5.1949233716

		5.2245454545

		5.2245454545

		5.2245454545

		5.2650563607

		5.2650563607

		5.2650563607

		5.2650563607

		5.2923997185

		5.2923997185

		5.3

		5.32

		5.32

		5.3645454545

		5.3645454545

		5.373678338

		5.5

		5.5

		5.638372093

		5.638372093

		5.644047619

		5.65

		5.6535714286

		5.6792355372

		5.6792355372

		5.7256410256

		5.75

		5.75

		5.7552325581

		5.7663636364

		5.7663636364

		5.7663636364

		5.7666902072

		5.7666902072

		5.7666902072

		5.7666902072

		5.775

		5.775

		5.8227860502

		5.8227860502

		5.9

		5.9

		5.9

		5.972954823

		5.972954823

		5.9923076923

		5.9923076923

		5.9923076923

		6

		6.0353624208

		6.0547593583

		6.0547593583

		6.0677899687

		6.1340909091

		6.1340909091

		6.1562046005

		6.1714285714

		6.1821316614

		6.2072916667

		6.2481481481

		6.2910169492

		6.3206563707

		6.3206563707

		6.3206563707

		6.3206563707

		6.3338557994

		6.4146245059

		6.4146245059

		6.4146245059

		6.4785714286

		6.4785714286

		6.4785714286

		6.4785714286

		6.5

		6.5

		6.5

		6.528874092

		6.528874092

		6.528874092

		6.5597222222

		6.5597222222

		6.5597222222

		6.5597222222

		6.5597222222

		6.5597222222

		6.5597222222

		6.6622257053

		6.6725

		6.6725

		6.6854807692

		6.6996240602

		6.7066869301

		6.7095864662

		6.7095864662

		6.725

		6.725

		6.75

		6.75

		6.7985185185

		6.7985185185

		6.8197278912

		6.8197278912

		6.8468523002

		6.8468523002

		6.8468523002

		6.8468523002

		6.8468523002

		6.9028571429

		6.9028571429

		6.9642857143

		6.9642857143

		6.9858490566

		7

		7

		7

		7

		7.018115942

		7.018115942

		7.018115942

		7.0946808511

		7.0965517241

		7.0965517241

		7.1

		7.1

		7.1036242083

		7.1204545455

		7.1204545455

		7.3181818182

		7.3181818182

		7.3754571262

		7.3754571262

		7.4540540541

		7.4948275862

		7.4948275862

		7.4948275862

		7.5

		7.5

		7.5

		7.5

		7.5843589744

		7.6089285714

		7.6089285714

		7.6089285714

		7.6314814815

		7.6314814815

		7.6834008097

		7.6834008097

		7.6834008097

		7.6834008097

		7.6834008097

		7.75

		7.8119019788

		7.8119019788

		7.8240740741

		7.8240740741

		8.1383928571

		8.2

		8.2

		8.5269067797

		8.5269067797

		8.5269067797

		10.4

		10.4

		10.4

		10.4

		10.4

		10.4

		10.4

		10.4

		10.4

		10.4

		11.1714056108

		11.1714056108

		11.1714056108



Secchi, m

maximum depth, m

winter

0.5

2

4

4

4

6

2

4

4

2.9

2.9

4

2

4

2

5

3

5

3

3

3

3

3

1

2.1

2.1

2

2

1

4

4

4

4

4

4

4

2.2

2

1

2

4

4

4

2

4

4

2

4

4

2

4

4

2.1

2

4

4

6

2

4

4

4

8

2

2

6

6

2

2

2

2

4

2

4

2

2

4

4

4

4

4

2

4

2

4

8

8

10

10

4

4

4

4

2

4

4

2

2

2

4

2

4

4

4

6

4

6

4

6

10

4

10

8

8

4

2

4

6

4

4

4

1

4

2

4

4

1.5

4

4

2

2

4

4

2

4

4

4

3

2

4

6

2

4

1

2

2

8

2

0.5

1

1

4

6

6

4

2

2

2

4

2

2.5

2

4

4

4

2

2

2

4

4

2

2

2

6

6

4

10.2

9.3

2

2

2

4

2

4

4

4

6

7.2

12.6

12.5

2

6

2

12

4

4

4

4

4

4

4

4

4

5.7

3.2

4

4

4

4

8

2

2

5.2

6

4

4

1

6

13.5

11.1

2

2

4

5

2

4

8

10

10

6

6

4

4

4

1

4

8

4

4

4

6

6

6

8

6

8

4

8

8

6

6

4

4

4

4

6

4

4

2

2

4

4

14

12

6

2

4

4

4

4

2

4

2

4

6

4

4

4

4

4

6

4

2

2

4

4

12.5

9.3

6

2

2

10

4

4

4

2

4

4

2

2

4

4

6

4

4

4

4

8

10.5

6

8

8

10

6

6

4

2

14

14

10

12

10

1

4

4

6

8

10

8

10

8

4

2

4

2

6

6

4



Sheet3

		1.4629933212

		2.0948477752

		5.3721131328

		5.3721131328

		5.3721131328

		5.3721131328

		3.3723404255

		2.9673302108

		2.9673302108

		2.9673302108

		2.9673302108

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		3.7028688525

		2.7951990632

		2.7951990632

		2.7951990632

		2.175

		2.4001666667

		1

		2.8933000713

		2.8933000713

		2.8933000713

		2.8933000713

		2.8933000713

		2.8933000713

		2.8933000713

		1.7278911565

		6.7760964912

		2.3838251366

		3.4762782982

		3.6102459016

		3.6102459016

		3.6102459016

		4.74375

		3.2852459016

		3.0158764368

		3.0158764368

		4.0073163327

		3.0755464481

		3.0755464481

		3.0755464481

		3.0755464481

		3.2517615176

		2.9815893123

		4.4739851678

		4.4739851678

		6

		5.8828571429

		5.8828571429

		5.8828571429

		5.8828571429

		5.8828571429

		5.1214285714

		3.7276684882

		4.7846018735

		4.7846018735

		5.1922962963

		5.1922962963

		5.1922962963

		5.1922962963

		5.1922962963

		5.1922962963

		3.1338169713

		3.1338169713

		4.9625

		4.9625

		4.9625

		4.9625

		4.9625

		2.8539722573

		3.6467672414

		3.6467672414

		4.6276595745

		4.7307929725

		4.5726430976

		4.5726430976

		4.5726430976

		4.5726430976

		4.5726430976

		4.5726430976

		3.453125

		4.2076190476

		5.7992857143

		5.7992857143

		5.7992857143

		5.7992857143

		5.7992857143

		4.0894480519

		3.6235696605

		3.6235696605

		3.6235696605

		3.6235696605

		4.718676815

		6.2259259259

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		3.1898601399

		5

		5

		5

		7.6360294118

		7.6360294118

		4.54

		4.54

		4.54

		1.4763636364

		4.1057692308

		6.6990740741

		5.4414144599

		5.4414144599

		5.4414144599

		5.4414144599

		5.1279424128

		5.1279424128

		5.1279424128

		5.1279424128

		4.7677985948

		4.9504310345

		4.9504310345

		5

		6.0894545455

		6.0894545455

		6.0894545455

		6.0894545455

		6.0894545455

		6.0894545455

		4.8220238095

		3.1003771552

		3.1003771552

		3.1003771552

		4.0326697892

		5.292989418

		5.292989418

		5.292989418

		2.8953693847

		2.8953693847

		2.8953693847

		2.8953693847

		2.8953693847

		4.4829918033

		4.0371296202

		4.0371296202

		4.0371296202

		4.0371296202

		5.8533333333

		4.1918511816

		4.1918511816

		4.1918511816

		5.9886188272

		5.9886188272

		5.9886188272

		5.9886188272

		4.5227327788

		4.7062807882

		3.715

		4.85

		4.85

		6.7139592648

		6.7139592648

		5.3573426573

		5.1239642857

		5.1239642857

		6.4794346979

		6.4794346979

		5.9881632653

		5.2948571429

		6.0191176471

		5.1527272727

		5.1527272727

		4.6920765027

		5.1502222222

		5.1502222222

		4.1920731707

		4.5786619119

		4.5786619119

		4.5786619119

		5.9697014052

		5.9697014052

		5.9697014052

		5.9697014052

		7.26

		7.26

		7.3163510458

		7.3163510458

		3.9781746032

		4.6693333333

		4.6693333333

		6.1901587302

		6.1901587302

		6.0195473251

		6.0195473251

		6.0195473251

		6.7

		4.7178776683

		6.8284469697

		6.8284469697

		5.6462912088

		6.45

		6.45

		5.8542622951

		5.0477283372

		5.3287529168

		5.6651215376

		4.8594650206

		6.2143830889

		6.612244898

		6.612244898

		6.612244898

		6.612244898

		4.4428702657

		4.6198757764

		4.6198757764

		4.6198757764

		5.4470760234

		5.4470760234

		5.4470760234

		5.4470760234

		5.8103021978

		5.8103021978

		5.8103021978

		6.2011124122

		6.2011124122

		6.2011124122

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		6.5487179487

		5.1398035613

		5.0109375

		5.0109375

		6.6615384615

		5.361038961

		4.9569327731

		3.6379802956

		3.6379802956

		6.565

		6.565

		5.25

		5.25

		10.1948979592

		10.1948979592

		5.2443609023

		5.2443609023

		5.4447306792

		5.4447306792

		5.4447306792

		5.4447306792

		5.4447306792

		5.9708691127

		5.9708691127

		5.8402777778

		5.8402777778

		5.45

		4.7153846154

		4.7153846154

		4.7153846154

		4.7153846154

		8.2391304348

		8.2391304348

		8.2391304348

		6.0090909091

		5.5360254083

		5.5360254083

		7.3357142857

		7.3357142857

		5.9203266788

		7.1688276205

		7.1688276205

		6.6704545455

		6.6704545455

		5.9286533958

		5.9286533958

		6.0203125

		4.7531414744

		4.7531414744

		4.7531414744

		8.2

		8.2

		8.2

		8.2

		7.1680769231

		4.3020597128

		4.3020597128

		4.3020597128

		9.2321428571

		9.2321428571

		5.3983186213

		5.3983186213

		5.3983186213

		5.3983186213

		5.3983186213

		6.7325581395

		6.6104215457

		6.6104215457

		10.4285714286

		10.4285714286

		6.8

		12

		12

		5.8996646796

		5.8996646796

		5.8996646796

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		5.8507722008

		8.5324137931

		8.5324137931

		8.5324137931

		7.8428571429
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		1.6490354938

		2.8672222222

		5.9607142857

		5.9607142857

		5.9607142857

		5.9607142857

		2.9821428571

		2.5501167134

		2.5501167134

		2.5501167134

		2.5501167134

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		3.354003268

		4.2151416122

		4.2151416122

		4.2151416122

		2.1121777778

		2.1976453488

		1.4171538462

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		3.2740522876

		4.6703389831

		7.9333680556

		2.3143479614

		3.0715958606

		3.7115789474

		3.7115789474

		3.7115789474

		3.3816666667

		2.8247638725

		3.6117117117

		3.6117117117

		4.1473063973

		3.1897058824

		3.1897058824

		3.1897058824

		3.1897058824

		2.841902687

		3.1797852474

		4.7051198257

		4.7051198257

		3.9370967742

		4.8373571429

		4.8373571429

		4.8373571429

		4.8373571429

		4.8373571429

		4.3064285714

		3.5478576616

		4.4418845316

		4.4418845316

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.1507262164

		4.0160098522

		4.0160098522

		5.7718421053

		5.7718421053

		5.7718421053

		5.7718421053

		5.7718421053

		3.7903552874

		4.7254504505

		4.7254504505

		4.3644067797

		4.4235294118

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		7.1317944251

		3.0516949153

		4.4609649123

		5.5407894737

		5.5407894737

		5.5407894737

		5.5407894737

		5.5407894737

		3.3791666667

		2.9225913822

		2.9225913822

		2.9225913822

		2.9225913822

		4.887793177

		4.5333333333

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		4.9440876351

		3.9152542373

		3.9152542373

		3.9152542373

		6.7038007957

		6.7038007957

		4.2643518519

		4.2643518519

		4.2643518519

		4.5592592593

		3.2909017453

		5.7223707665

		4.1285325241

		4.1285325241

		4.1285325241

		4.1285325241

		3.9376301803

		3.9376301803

		3.9376301803

		3.9376301803

		4.428898226

		5.9808558559

		5.9808558559

		4.8173945783

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		7.0705882353

		3.8449648712

		3.3728243671

		3.3728243671

		3.3728243671

		4.2442857143

		4.4644021739

		4.4644021739

		4.4644021739

		4.1687651332

		4.1687651332

		4.1687651332

		4.1687651332

		4.1687651332

		4.3561437908

		5.0460504202

		5.0460504202

		5.0460504202

		5.0460504202

		5.3079106858

		5.468311138

		5.468311138

		5.468311138

		5.8280882353

		5.8280882353

		5.8280882353

		5.8280882353

		5.1157066052

		4.9399385561

		4.1387755102

		6.5647575251

		6.5647575251

		8.2958138811

		8.2958138811

		6.0692977191

		4.4866829268

		4.4866829268

		4.7660493827

		4.7660493827

		4.8706267304

		3.9447306792

		5.8980679157

		8.5833333333

		8.5833333333

		4.5734454939

		4.3636794171

		4.3636794171

		7.6175

		5.8142857143

		5.8142857143

		5.8142857143

		4.5974448316

		4.5974448316

		4.5974448316

		4.5974448316

		5.0695884774

		5.0695884774

		4.6770553836

		4.6770553836

		4.1166388889

		3.7365220012

		3.7365220012

		6.8124875125

		6.8124875125

		4.5160298103

		4.5160298103

		4.5160298103

		4.8481132075

		3.9866013072

		6.4156734007

		6.4156734007

		6.1463585434

		8.0901234568

		8.0901234568

		5.0901143791

		4.3803921569

		5.8266917293

		7.2218534483

		5.4651286441

		4.3862917097

		6.7625

		6.7625

		6.7625

		6.7625

		4.451584507

		6.5867088608

		6.5867088608

		6.5867088608

		5.5301692421

		5.5301692421

		5.5301692421

		5.5301692421

		5.0966628959

		5.0966628959

		5.0966628959

		4.3183719434

		4.3183719434

		4.3183719434

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		6.0966981132

		5.9413485222

		4.4939393939

		4.4939393939

		3.8225

		3.2358024691

		5.8138888889

		2.9013262599

		2.9013262599

		6.0706864564

		6.0706864564

		4.4353448276

		4.4353448276

		9.283203125

		9.283203125

		4.5192541857

		4.5192541857

		5.7638655462

		5.7638655462

		5.7638655462

		5.7638655462

		5.7638655462

		4.4596119929

		4.4596119929

		4.3890306122

		4.3890306122

		3.3333333333

		4.2021105365

		4.2021105365

		4.2021105365

		4.2021105365

		5.59

		5.59

		5.59

		6.3459016393

		4.1992481203

		4.1992481203

		7.1348571429

		7.1348571429

		6.2733834586

		8.4202131964

		8.4202131964

		4.9921568627

		4.9921568627

		4.9277824463

		4.9277824463

		6.5792717087

		5.4068536726

		5.4068536726

		5.4068536726

		5.7290222222

		5.7290222222

		5.7290222222

		5.7290222222

		5.7383673469

		3.8997354497

		3.8997354497

		3.8997354497

		10.5488372093

		10.5488372093

		5.1773486902

		5.1773486902

		5.1773486902

		5.1773486902

		5.1773486902

		5.6159834624

		5.5078125

		5.5078125

		10.0081967213

		10.0081967213

		7

		7.9664556962

		7.9664556962

		3.932862448

		3.932862448

		3.932862448

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		6.6272402597

		3.034375

		3.034375

		3.034375

		6.2985981308

		5.1951612903

		4.8337301587

		4.2278125

		4.2278125

		5.9301136364

		5.9301136364
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		1.0434285714

		2.9797101449

		8.4717744212

		8.4717744212

		8.4717744212

		8.4717744212

		5.2458333333

		2.70625

		2.70625

		2.70625

		2.70625

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.053759058

		4.819828722

		4.819828722

		4.819828722

		2.2253968254

		2.18984375

		1.7201212121

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		2.6551388889

		4.1877192982

		8.363875

		2.5086580087

		2.9483695652

		4.526

		4.526

		4.526

		3.9444444444

		4.2327142857

		3.2255208333

		3.2255208333

		3.2113354037

		4.0720410628

		4.0720410628

		4.0720410628

		4.0720410628

		4.3877799736

		2.7411764706

		5.442

		5.442

		4

		6.375

		6.375

		6.375

		6.375

		6.375

		4.841

		4.2604938272

		6.818

		6.818

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		4.8721153846

		5.6669642857

		5.6669642857

		6.25

		6.25

		6.25

		6.25

		6.25

		4.6416666667

		3.9880208333

		3.9880208333

		5.1483050847

		4.1618037135

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		7.9218199609

		4.0016666667

		4.4474137931

		5.9446969697

		5.9446969697

		5.9446969697

		5.9446969697

		5.9446969697

		3

		3.6230263158

		3.6230263158

		3.6230263158

		3.6230263158

		6.9542978208

		7.3131578947

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		4.9036734694

		6.218220339

		6.218220339

		6.218220339

		7.2595496894

		7.2595496894

		4.225

		4.225

		4.225

		3.982

		3.9572004608

		5.4383138413

		5.7949595456

		5.7949595456

		5.7949595456

		5.7949595456

		4.2583223841

		4.2583223841

		4.2583223841

		4.2583223841

		4.7782608696

		4.3838541667

		4.3838541667

		9.3476973684

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		7.2944444444

		5.742

		4.5871794872

		4.5871794872

		4.5871794872

		5.4429824561

		6.2622807018

		6.2622807018

		6.2622807018

		4.9465909091

		4.9465909091

		4.9465909091

		4.9465909091

		4.9465909091

		5.1248214286

		5.1316614907

		5.1316614907

		5.1316614907

		5.1316614907

		4.7704545455

		5.1568181818

		5.1568181818

		5.1568181818

		6.3035714286

		6.3035714286

		6.3035714286

		6.3035714286

		6.350877193

		5.8482142857

		4.5918719212

		6.5615384615

		6.5615384615

		7.5428571429

		7.5428571429

		5.6836734694

		4.7481481481

		4.7481481481

		4.825

		4.825

		6.8790842284

		7.1004716981

		6.0707686335

		9.1552631579

		9.1552631579

		8.1072857143

		7.9005660377

		7.9005660377

		7.0407651072

		4.9340909091

		4.9340909091

		4.9340909091

		4.5216988728

		4.5216988728

		4.5216988728

		4.5216988728

		7.0261648746

		7.0261648746

		6.461873811

		6.461873811

		6.4577358491

		7.2845320197

		7.2845320197

		4.7038043478

		4.7038043478

		5.0950666667

		5.0950666667

		5.0950666667

		8.0556034483

		3.3086206897

		7.342384811

		7.342384811

		4.328125

		9.0166666667

		9.0166666667

		5.1156444099

		4.2881967213

		3.5483870968

		6.0215384615

		8.921952381

		6.0001552795

		6.1875

		6.1875

		6.1875

		6.1875

		5.5

		9.0551020408

		9.0551020408

		9.0551020408

		5.475

		5.475

		5.475

		5.475

		5.2169117647

		5.2169117647

		5.2169117647

		7.1635511228

		7.1635511228

		7.1635511228

		8.5208333333

		8.5208333333

		8.5208333333

		8.5208333333

		8.5208333333

		8.5208333333

		8.5208333333

		5.9608477011

		5.5375

		5.5375

		6.8

		7.2589285714

		9.3577777778

		5.7516129032

		5.7516129032

		9.0424107143

		9.0424107143

		5.7456140351

		5.7456140351

		6.7814814815

		6.7814814815

		5.4954248366

		5.4954248366

		5.1208850932

		5.1208850932

		5.1208850932

		5.1208850932

		5.1208850932

		6.3578431373

		6.3578431373

		6.9227705628

		6.9227705628

		5.3070175439

		6.5319700461

		6.5319700461

		6.5319700461

		6.5319700461

		6.5633333333

		6.5633333333

		6.5633333333

		8.0465116279

		6.6390552995

		6.6390552995

		7.7840277778

		7.7840277778

		9.1311059908

		6.4514333493

		6.4514333493

		6

		6

		5.2268571429

		5.2268571429

		7.3440258254

		4.3269230769

		4.3269230769

		4.3269230769

		9.4067460317

		9.4067460317

		9.4067460317

		9.4067460317

		7.5660714286

		8.0827272727

		8.0827272727

		8.0827272727

		8.0614035088

		8.0614035088

		6.9446759259

		6.9446759259

		6.9446759259

		6.9446759259

		6.9446759259

		8.3586206897

		7.5

		7.5

		7.2807017544

		7.2807017544

		6.35

		8.7

		8.7

		5.9753140097
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