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Introduction

Isoëtes is an ancient cosmopolitan genus of 
primarily aquatic lycopsids and is phylogenetical-
ly isolated from all other living plants (Schuettpelz 
and Hoot 2006). Many Isoëtes species worldwide are 
threatened with extinction, as are Isoëtes lacustris and 
I. echinospora in Central Europe. The species pref-
erably inhabit clear, electrolyte- and nutrient-poor, 
slightly acid lakes. However, I. echinospora is distinctly 
less frequent than I. lacustris. Declines in Isoëtes popu-
lations are reported largely due to habitat degradation 
through nutrification of lakes by run-off and drain-
age from bogs and fertilized farmland. These impacts 
result in lakes becoming increasingly eutrophicated, 
acidified or dystrophic. Excessive nutrient loading 
encourages fast-growing competitive species as well 
as the development of plankton and epiphytic algae 
(e.g. Sand-Jensen and Søndergaard 1981; Roelofs 
et al. 1983; Krause and King 1994; Vöge 1988, 1992; 
Rintanen 1996; Szmeja 1997; Horn and Petzold 1999; 
Grzybowski et al. 2008).

The development of quillwort is assumed to be 
related mainly to lake water data. To what degree the 

nature of sediment or epiphyte cover on the leaves 
may influence the plant growth is not clear. To pre-
serve a species knowledge of the population health is 
necessary. Thus, using a non-destructive technique to 
evaluate the vitality status of such a perennial long-
living species as Isoëtes lacustris is of high importance.

Material and methods

Selecting the study lakes was random with the 
aim of assessing the influence of the lake position and 
environment. According to the preferred habitat con-
ditions of quillwort, data of conductivity (SEC), pH, 
and Secchi depth proved best suited for describing 
the aquatic environment. The associating plant spe-
cies were noted. The leaves per rosette and the spores 
per megasporangium were counted on 20 plants from 
a representative population. Megaspore width was 
measured (spot-checks).The studies were performed 
as described (Vöge 1997a,b, 2003, 2004).

For demographic studies (unpublished) in the 
centre of the quillwort populations samples of 800 
cm² were taken at random. These samples were seen 
as reasonable and necessary for the determination of 
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reliable results from very large populations. For each 
population the leaves of each individual were counted 
and the existence of developed sporangia was record-
ed. The lowest number of leaves of a fertile plant was 
noted and the mean number of leaves of the sporog-
enous individuals was calculated.

Research area

Development of a non-destructive monitoring 
required extended studies in a multitude of lakes with 
the use of Self-Contained Underwater Breathing Ap-
paratus (SCUBA). They were performed in more than 
a hundred lakes of Central Europe (Germany, Estonia, 
Czech Republic), Northern Europe (Denmark, Swe-
den, Norway, Finland, Iceland) and Western Europe 
(United Kingdom, Republic of Ireland).

Results and discussion

Water characteristics and plant data were highly 
different from one lake to another. The conductivity 
ranged between 7 and 236 µS cm–1, pH was between 
5.5 and 8.6, and the range of Secchi depth between 1 
and 11 m. The mean number of leaves per rosette was 
between 6 and 39, the number of spores per megaspo-
rangium between 14 and 115, and the megaspore 
width between 0.52 and 0.75 mm. 

The analysis of the data resulted in a highly sig-
nificant correlation between mean number of leaves 
per rosette and mean number of spores per megaspo-
rangium. The relationships between the mean number 
of leaves and conductivity, pH or Secchi depth were of 
lower significance (Vöge 1997a,b, 2004). Further stud-
ies revealed that the three water characteristics have 
to be regarded in the context. For example, a higher 
conductivity value may be balanced by a high value of 
the Secchi depth.

19 non-isoetid plant species were noted in the 
study lakes and their nitrogen figure following Ellen-
berg (1978) may characterize the nutrient situation. 
Grzybowski et al. (2008) have reported the changing 
vegetation of lakes, under eutrophication influences; 
this was accompanied by a decrease in quillwort oc-
currence in Poland.

Development of the monitoring method
The monitoring method has been developed 

following the results of the preliminary studies; it was 
tested and improved during ongoing research. The ba-

sis of the monitoring is the highly significant correla-
tion (r = 0.80) between the mean number of spores 
per megasporangium and the mean number of leaves 
per rosette:

MNS = 2.48 MNL + 12.78,
where: MNS is the mean number of spores per 

megasporangium, and MNL is the mean number of 
leaves per plant.

The megaspore number characterizes the vital-
ity of the plant, but their counting is rather laborious 
and is replaced by counting the leaves instead. Further 
to this, data of the water quality and the plant species 
which accompany quillwort are taken into account; 
their nitrogen figure following Ellenberg (1979) de-
scribes their ammonia or nitrate supply.

The vitality level is expressed through the mean 
number of leaves of 20 sporogenous plants. Wherever 
in Europe the studies have been performed, quillwort 
populations with a mean number of leaves over 30 
were extremely rare. Accordingly, the highest vitality 
level is “3”. Vitality levels “2” or “1” represent popula-
tions with a mean number of leaves of about 20 or 10, 
respectively. The ranges of conductivity, pH and Sec-
chi depth in which the study populations, described 
through their vitality level, had occurred are given in 
Table 1. Vitality level 1 means optimal plant perform-
ance in an optimal environment, level 2 is suboptimal 
performance and environment, while level 3 means 
low plant performance in a strenuous environment. 
The level areas overlap sometimes. Accordingly the 
spore number per megasporangium was (3) <110, (2) 
near 80, (1) <40. Thus, the vitality level expresses the 
mean leaf number per rosette in a particular environ-
ment.

The studies on lake vegetation have demon-
strated that at the early stages of eutrophication elo-
deid, charid and ceratophyllid plant species thrive in 
lakes which were originally inhabited exclusively by 
quillwort and further isoetid species. In these nitro-
gen-poor sites (vitality level 3), these further isoetid 
species occurred: I. echinospora, Lobelia dortmanna, 

Table 1. The vitality levels of Isoëtes lacustris related to the ranges 
of the environmental conditions

Vitality level pH
Conductivity Secchi depth 

[µS cm–1] [m]

3 5.5-7.0  7-40 3.7-11.0

2 6.0-7.5 20-100 2.1-6.0

1 6.3-8.6 30-238 1.0-4.0
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Littorella uniflora, Ranunculus reptans, Subularia 
aquatica, and Eriocaulon aquaticum. 

Plant species indicating a poor to intermedi-
ate nitrogen supply were noted in lakes which were 
in transition to suboptimal growing conditions for 
quillwort (level 2): Myriophyllum alterniflorum, Spar-
ganium angustifolium, Potamogeton alpinus, P. prae-
longus, P. gramineus, Elodea canadensis, Nitella flexilis, 
Chara delicatula, and C. aspera.

Plant species which indicate a rich nitrogen 
supply or are nitrogen indicators may be observed ad-
ditionally in sites which are in transition to strenuous 
growing conditions for quillwort (level 1): Callitriche 
hamulata, Potamogeton perfoliatus, P. crispus, P. pecti-
natus, Myriophyllum spicatum, Ranunculus trichophyl-
lus, R. circinatus, Potamogeton pusillus, P. lucens, and 
Ceratophyllum demersum.

Application of the method and case examples
Within a selected population, the leaves of 20 

sporogenous rosettes are counted whilst diving and 
the numbers are noted. The mean number is calcu-
lated. One tenth of this number represents the vitality 
level. Conductivity, pH and Secchi depth of the lake 
water are measured. In Figs 1-4 the ranges of the data 
in which quillwort was found are marked with a vi-
tality level 3 or 2 or 1. Using the lake data, the corre-
sponding level areas can be read for each parameter at 
the vertical line. The vitality level and the main three 
level areas of conductivity, pH and Secchi depth are 
compared. Differing results are discussed: reasons may 
be the balancing of the ecological factors or particular 
influences. The following four case examples demon-
strate the method and the evaluation.

Example 1: Lille Majavatn, Norway: 65°13’54”N, 
013°20’54”E. SEC = 33 µS cm–1; pH = 6.9; Secchi depth 
= 5.9 m; 23 leaves/rosette, vitality level 2.3. Species: 
Lobelia dortmanna, Littorella uniflora, Ranunculus 
reptans, Juncus bulbosus, Myriophyllum alterniflorum, 
Potamogeton alpinus, and Chara delicatula. 

The data of conductivity, pH and Secchi depth 
describe optimal to suboptimal growing conditions, 
which is in accordance with level 2.3. The observed 
plant species support the result.

Example 2: Lough Corrib, Ireland: 53°30’59”N, 
009°24’18”W. SEC = 236 µS cm–1; pH = 8.1; Secchi 
depth = 4.0 m; 14.5 leaves/rosette, vitality level 1.5. Spe-
cies: Lobelia dortmanna, Littorella uniflora, Myriophyl-

lum alterniflorum, Elodea canadensis, Chara hispida, C. 
aspera, Elodea canadensis, Potamogeton gramineus, P. 
praelongus, P. perfoliatus, and P.lucens. 

Eutrophication influences in this lake have 
been reported by Krause and King (1994). The data of 
conductivity and pH correspond to strenuous grow-
ing conditions; due to the rather high Secchi depth 
the level is 1.4. The observed plant species reflect the 
change from oligotrophic to eutrophic lake conditions. 

Example 3: Hahellervatnet, Norway: 59°02’03”N, 
007°08’06”E. SEC = 7 µS cm–1; pH = 5.7; Secchi depth 
= 8.0 m; 21 leaves/rosette, vitality level 2.1. 

This lake is situated at 900 m a.s.l. beyond the 
birch timber line. All three water characteristics indi-
cate optimal growing conditions, whereas the vitality 
level is only 2.1, supposedly due to low water temper-
ature. Gacia and Ballesteros (1994) stress that Isoëtes 
leaf production depends on the water temperature. 
Further plant species were not found, due to pH and 
low conductivity.

Example 4: The unnamed lake in a bog area in 
Ireland: 54°40’37”N, 008°40’29”W. SEC = 76 µS cm–1; 
pH = 6.1; Secchi depth = 1.3 m; 14 leaves/rosette, vi-
tality level 1.4. Species: Lobelia dortmanna, Littorella 
uniflora, and Callitriche hamulata.

Situated in an extended bog area, this lake 
is highly dystrophic. The conductivity value corre-
sponds to suboptimal conditions, the pH value to op-
timal growing conditions. Secchi depth is extremely 
low and indicates strenuous conditions for quillwort, 
in accordance with the resulting vitality level. The ob-
served plant species suggest that the water transpar-
ency has decreased meanwhile. A low Secchi depth 
means a low water transparency and low light avail-
ability for plants. Following Gacia and Ballesteros 
(1994) low light availability decreases the leaf produc-
tion. Further to this, the spectral composition of the 
daylight is changed in dystrophic lakes (Mäkirinta 
1978).

The monitoring method is helpful for assess-
ing suspected regional lake impact, such as bathing 
spots or agricultural effluents. The vitality level was 
determined at 2.5 in the German Lake Titisee, but 
2.0 near a bathing spot. The inclusion of a reasonable 
plant parameter, as the mean leaf number, appears 
indispensable for monitoring a plant species. Vlasov 
(2012) has studied quillwort populations in 12 lakes of 
Belarus; the frequency of occurrence as plant param-
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Fig. 1. Example 1, Lille Majavatn Fig. 2. Example 2, Lough Corrib

Fig. 3. Example 3, Hahellervatnet Fig. 4. Example 4, lake in a bog area
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Table 2. Population structure and vitality level

Site Study year Position Vitality level
Juvenile plants in the population Sporogenous plants in the adult 

population

[%] [%]

Svåvatnet 2009 58°23’39”N 
06°05’43”E 2.8 27 84

Svåvatnet 2014 58°23’39”N 
06°05’43”E 2.6 21 73

Lough Corrib 1998 53°30’59”N
09°24’18”W 1.4 6 38

Fig. 5. Relationship between the smallest and the mean number of leaves of fertile plants for quillwort populations from 38 lakes 
throughout Europe

eter proved not to be related to the water quality. The 
structure of dense populations may differ consisting 
of numerous small plants or of a low number of large, 
extended individuals. A dense population was stud-
ied in a Norwegian lake. With 7200 plants per square 
metre it was 10 times the common density of the colo-
nized lake floor of Norwegian sites (Rørslett and Bret-
tum 1989). The vitality level of the few sporogenous 
plants within the population was 0.6. Independent of 
the water quality the density stress limited leaf and 
megaspore numbers.

The Norwegian Lake Svåvatnet is inhabited by 
both quillwort species. Because they experience the 
same growing conditions their vitality levels were de-
termined. It was 2.6 for Isoëtes lacustris, and 2.4 for I. 
echinospora, in 2014. From the similarity of the results 
it may be concluded that the proposed monitoring is 
useful for both species.

Vitality level and population structure
It was recognized that not all adult plants expe-

riencing suboptimal or strenuous growing conditions 
produce megaspores. In ongoing research the struc-
ture of populations with different vitality levels was 
studied (unpublished results). A problem was which 
plants are non-sporogenous because they are juvenile 
and which ones do not develop megaspores though 
they are adult? The mean number of leaves and the 
corresponding smallest leaf number of sporogenous 
plants proved to be significantly correlated in a multi-
tude of lakes as presented in Fig. 5. Hence, if the mean 
leaf number is 21, the smallest leaf number is 14; In-
dividuals possessing fewer than 14 leaves are juvenile. 
Thus, a reliable separation of juvenile and adult indi-
viduals could be performed.

The population structure was studied in two 
sites, one of them in different years. The results are 
presented in Table 2, together with the correspond-
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ing vitality level. With decreasing vitality level the per-
centage of juvenile plants in the population declines; 
further to this, the percentage of sporogenous plants 
in the adult population is diminished.

Conclusions

Isoëtes, the ancient genus, appears not to fit 
into the modern world changed by man. Quillwort 
has evolved various adaptations to particular habi-
tats (e.g. Keeley and Busch 1984; Boston and Adams 
1987). It does not tolerate competition; this tolerance 
is not necessary in the particular lakes in which other, 
competitive plant species cannot thrive. As much as 
possible should be done for preserving Isoetes lacustris 
in lakes with suboptimal growing conditions (level 2). 
Restoration measures on lakes with strenuous grow-
ing conditions proved not to be effective. A popula-
tion on level 1 was often observed to die within a short 
time. In the German Lake Wollingst the level was 2 in 
1986 and diminished to 0.8 within 14 years. Lake res-
toration measures started and 3 years later the species 
was found to be extinct (Vöge 2004).
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