Sender: The effect of riparian forest shade on macrophytes
-249 -

THE EFFECT OF RIPARIAN FOREST SHADE ON THE
STRUCTURAL CHARACTERISTICS OF MACROPHYTES IN A
MID-FOREST LAKE

SENDER, J.

University of Life Sciences in Lublin, Department of Landscape Ecology and Nature Protection
Dobrzanskiego B. st. 37, 20-262, Lublin, Poland
(phone: +48-607-372-614)

Corresponding author
e-mail: joanna.sender@up.lublin.pl

(Received 3" Oct 2014; accepted 5™ May 2016)

Abstract. The aim of the study was to evaluate whether riparian trees limit growth of aquatic plants in
lakes. In the studied lake, sections of the littoral zone were shaded to different degrees. The maximum
extent of shading in the studied lake did not exceed 15 m. Regardless of the amount of light reaching the
lake three groups of macrophytes developed. The data suggest that shading by riparian vegetation was not
limiting to growth of all aquatic plants in the studied lake but did significantly limit development of
macrophyte communities. The extent of shading was correlated with both the structure of macrophyte
communities in addition to their range. In shady areas density, colonization depth, biomass and diversity
index of emergent macrophytes were significantly lower. Submerged macrophytes in the lake were
generally outside the scope of shadow impact. Only macrophytes occurring between 0.5 and 1 m depth
were influenced by shade. Generally, submerged macrophyes were outside of the influence of shade.
However, along the northern shore, lush growth of adjacent rushes may have effected submerged
macrophytes and in these areas their measured values (biomass, density, abundance) were lower. In the
southern part of the lake, rushes achieve lower density and extent of occurrence, but submerged
macrophytes grew better, and both biomass and species richness were higher than along northern shores.
Keywords: macrophytes, mid - forest lake, riparian vegetation, biomass, shading

Introduction

Light is a key driving factor of life in aquatic ecosystems. Light penetration
influences many processes regulated by “e.g. water density and viscosity, the solubility
of solids and gases and the rate of metabolic processes in plants (Chelmicki, 2001;
Squires et al., 2002; Sevindik and Celik, 2014). The temperature tolerance range of
individual plant species is genetically fixed and most freshwater macrophytes appear to
be eurythermic (Madsen and Brix, 1997; Feldmann, 2012).

Light availability is a critical environmental factor determining the growth of
macrophyte communities and their species richness (Lacoul and Freedman, 2006). Light
can also influence community composition, as well as zonation within a water body
(Wersal and Madsen, 2013). In some cases, shading leads to the elimination of both
emergent and submerged macrophytes (Bernatowicz, 1966). Submerged aquatic plants
have morphological adaptations to colonizing and establishing populations in low light
environments (Barko et al., 1986). The quantity of light reaching the water is especially
important for these species, because in aquatic habitats light rays reaching plants is
significantly reduced (Chambers and Kalff, 1985; Lehmann and Lachavanne, 1999;
Sender, 2012). The anatomical and morphological differences of submersed and
emergent macrophytes may result in specific adaptations to environments conditions.
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Differences created by littoral geomorphology, water level fluctuation, variable light,
and anthropogenic influences create a wide range of habitats for emergent and
submerged water plants, as well as for floating-leaved plants (Feldmann and Noges,
2007; Sender, 2010). Research suggests that greatly limits primary production in lakes
thus it is speculated that managing for light could aid in the technical fight against
overgrowing (Dawson, 1981; Spence, 1981; Ali et al., 2011).

The aim of the study was to investigate whether decreases in light from riparian trees
shading limits growth of aquatic plants in lakes. In addition, data was collected to assess
the effects of duration of sun exposure on species composition, zonation and biomass of
different groups of macrophytes in the studied lake. These data will aid in
understanding shifts in the structure and composition not only of submerged
macrophytes plant communities that are often described in the literature (Lu et al., 2013;
Squires et al., 2002; Wersal and Madsen, 2013), but also communities of emergent
macrophytes which are much less studied. Determining correlations between trends
light conditions and colonization patters would inform management and restoration of
eutrophic lakes being overgrown by aquatic vegetation.

Materials and Methods

Lake Czarne Sosnowickie (51 ©31'N, 23° 02' E) is located in the north-western part
of Sosnowica commune, in the foothills of the western slope of the Garb Wiodawski in
north eastern Poland. It is located in the basin of rivers North - Piwonia — Ty$mienica -
Wieprz. The lake’s catchment area is formed in the Quaternary formations, set on the
Calcareous, reaching 23 m below water surface. Shallow banks are covered with a thin
layer of sand (Harasimiuk et al., 1998). This lake is one of the seven deepest lakes in the
area of the Leczna-Wilodawa Lakeland (eastern Poland). The surface area of the lake is
37,6 ha and the maximum depth is 15,6 m.

The north and east shores of the lake are surrounded by pine forests mixed with birch
and the south and southwest there is a swampy forest. The lake includes two small
drainage ditches, which are the main cause of anthropogenic pressure on the lake. The
reservoir is used for storage of water used by the fish farm in Sosnowica. Mid-forest
location, paludification of the south shore and the difficult availability of the banks,
makes it slightly seasonally used for tourist purposes (Fig. 1).

Because the lake was located in the midst of a forest, determination of research
positions with various degrees of shading of the littoral zone was possible. The study
was performed during the summer (in June and July) of 2013. The study was conducted
in six transects I-111 in the northern part (I - north - west, 11 - north, 11l - north - east) and
IV-VI in the southern part of the lake (IV - south east, V - south, VI - south - west) (Fig.
1). The number and location of transects was associated with the greatest likeness of
morphometric conditions in north and south parts of lake, as well as diversification of
insolation conditions. Each of the transects started from the shoreline, and the distance
into the lakes center depended on the range of macrophytes occurrence. In addition, in
order to determine the total area occupied by macrophytes in the analyzed lake, another
four transects on the eastern and western shores of the lake were established. GPS and
sonar Elit no. 5 was used to determine the extent of macrophytes occurrence. Total
phytolittoral cover was calculated on the basis of macrophyte analysis in horizontal
transects, extending from the shoreline to the maximum colonization depth. The

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(3): 249-261.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1403_249261
© 2016, ALOKI Kft., Budapest, Hungary



Sender: The effect of riparian forest shade on macrophytes
-251 -

distribution of transects estimated by application of the formula MLT — minimal
required number of transects (Jensén, 1977).
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Figure 1. Localization of investigated Lake Czarne Sosnowickie and sampling points

Data from topographic maps at a scale of 1:10 000 and orthophotomaps, as well as
field data were collected and processed using the software ArcGIS for Desktop 10.1.

The length of shadow, for every single sampling point, five times during the day (at
7am, 9am, 12am, 2pm and 4pm) was also calculated. The shadow model was made
using GIS techniques (the Solar analysis of ArcGis desktop software). Moreover, the
degree of shading (S, — shading rate) of the horizontal transects was determined at 12
am, 15th of each month on the basis of the formula (adopted from Mander, 1995):

Si= L [(Hd ctga/sing [) — (Ld — Z)] (Eq. 1)

where:

sr — degree of belt plant compactness (%)

B — width of the littoral zone (m)

Hd — height of trees (m)

a — angle of sunlight (°)

¢ — the angle between the north-south direction, and the direction of the line the
banks (°)

Ld — distance of trees belt from water surface (m)

sk — factor depending on the shape and compactness the tree canopy (-)

At the same time in each transect qualitative and quantitative structure of emergent
and submerged macrophytes (cover, abundance, biomass, number of species) and basic
physical and chemical parameters of water (temperature, pH, electrolytic conductivity,
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nitrate, phosphate, oxygen, visibility) were determined. The following instruments were
used for determination of physical and chemical properties of water: OXI 330-oxymeter
made by WTW (oxygen content, temperature), electronic conductivity meter made by
Hanna (electrolytic conductivity), microchip Slandi SP300 pH-meter (water reaction).
The content of biogenic nitrogen and phosphorus compounds was determined using the
microchip Slandi photometer LF 205.

Analysis of emergent macrophytes included: species composition, density (ind. per
m?), mean length and biomass of the species occurring in all research sites Phragmites
australis (Cav.) Trin. ex Steud., as well as, total biomass (gaw per m?), width and extent
of rushes (m). Measurements of submerged macrophytes were conducted at 0.5 m
intervals from the shoreline to the maximum depth of their occurrence. Monitoring
included analysis of species, total biomass (gaw per m?) and share of each species in
biomass, as well as the extent of occurrence. Each measurement was repeated 3 times.

Biodiversity of each group of macrophytes was supported by the index of Shannon-
Weaver (Hs) (Hennink and Zeven, 1991):

Hs= -X(NixInNj) (Eqg. 2)

where N; is the relative abundance of species i.

Floristic studies were carried out using the Bernatowicz floral rake, the floristic
anchor and the sonar Elite no. 5 of LOWRENCE (Sender, 2012b).

The collected data set was analyzed statistically to determine arithmetic mean and
standard deviation (SD). The parameters were compared with the use of t-test. To determine
the strength of the relationship among factors Pearson's correlation coefficient was used.
For the statistical analysis Statistica 5.1 StstSoft software was used.

Results

The analyzed positions with two distinguished parts of the lake were characterized
by a small diversity of physico-chemical parameters. Higher values of the Secchi disk
visibility and water temperature were found on the north side of the Lake, which was
more exposed to the sun. The pH of the water was clearly alkaline. The rest of the
analyzed physical and chemical parameters including: conductivity, hardness, PO4, NH,4
and oxygen content achieved slightly higher values in the southern shore of the lake
(Table 1). Differences between distinguished transects and physical and chemical
parameters were not statistically significant (T=0.02<To=2.14, p<0.05).

Table 1. Mean values of selected physical and chemical parameters in analyzed transects of
Lake Czarne Sosnowickie

Part of the lake North shore South shore

Factor mean + mean +
Visibility (m) 0.86 0.04 0.705 0.055
Temperature (°C) 26.55 1.25 25.05 0.05
Water reaction (pH) 7.675 0.505 8.455 0.005
Conductivity (uS-dm-°) 297.9 9 312 0.3
0, (mg-dm™) 6.29 3.56 12.6 0.4
Hardness 10.905 0.725 9.495 0.045
PO, (mg-dm™) 0.02 0.012 0.048 0.005
NH, (mg-dm™®) 0.457 0.033 0.7895 0.0725
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In the investigated lake, macrophytes occupied 11 ha, which accounted for 29.9% of
surface area of lake. The main component of phytolittoral was emergent macrophytes
consisted almost 70% of total cover of macrophytes (Table 2).

Table 2. Characteristic of phytolittoral in Lake Czarne Sosnowickie

Value

Factor ha %
Total phytolittoral surface 11 29.2
Share of emergent macrophytes in phytolittoral 7.51 68.3
Share of submerged macrophytes in phytolittoral 3.52 32.09
Colonization depth of macrophyte occurence (m) 2.5
Maximum depth of emergent macrophyte occurence (m) 13

Mean width of rushes (m) 19

Shading of littoral zone of the lake Czarne Sosnowickie was clearly differentiated.
The area covered by shadows was highly dependent on the height of riparian trees and
time of day. In the north, the trees reached a maximum height of 26 m, and in the south
30 m. The length of the shadow in the northern shore of the lake was low and ranged
from 0.9 m to 1.77 m. However, in the southern shore the shadow of the trees reached
up to 15 m (Table 3).

Table 3. Length of the shadow (standard deviation, SD) in the following hours (15 days of
the month 2013)

JUNE JULY

7am 9am 12am 2pm 4pm 7am 9am 12am 2pm 4pm

I 17409 |1.5+03 1.0£0.7 [ 1.25+0.02 | 1.66 +0.4 | 1.9+0.6 | 1.4 +0.03 | 0.9 £1.01 | 1.1 0.7 | 1.7 +1.01
Il {1.6+0.1 |1.56+0.02 | 1.4+0.5 |1.6+0.3 1.63+£0.8 | 1.6 0.5 | 1.5+1.1 | 1.3+04 |1.45+1.0 |1.77+1.3
{17402 |1.4+02 1.2+0.09 [ 1.22+0.1 |1.31+0.2 |1.4+1.1|1.240.7 [1.0£0.2 |1.1+0.5 |1.6=+1.1
V{79421 |7.8+1.7 72+09 |79+14 89+1.3 |75+1.1|72+1.0 |7+0.5 73+14 |79+23
V | 7.7+1.1 |7.2+0.1 6.8+1.1 |73+£2.9 7.6+1.0 |7+1.8 [62+1.6 |[6+0.8 6.5+1.1 |8.1+0.7
VI|[129+£32 | 11425 10.1+£3.5 105443 |12.9+1.2 |14+2.6 [11.645.8 | 10+£3.8 11+0.6 | 159435

The degree of shading of the zone covered by macrophytes was varied in the
different transects of the lake. In the northern shore of the lake shading rate was about
3%, while in the southern approximately 30%. Along the northern shore, on average
only 6% of rushes were covered by tree shade, in contrast, on the southern shore shade
covered up to 89% of rushes.

In all transects, shade completely covered the zone occupied by all groups of
macrophytes. Only at one investigated site was the range of the rushes smaller than the
area of shading. The length of transects, covering with colonization depth of
macrophytes, was much greater than the shade of nearby riparian trees and ranged from
20 m in the southern shore to 65 m in the northern shore (Fig. 2). There was strong
correlation between the length of the littoral zone shading, and the colonization of
emergent macrophytes (R*= -0.84; p<0.05).
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Figure 2. The length of shadow, rushes width and length of the analyzed transects (mean
values) in Lake Czarne Sosnowickie

The entire shallow littoral zone was inhabited by rushes. Emergent macrophytes
developed from the shoreline, until up to 1.3 m depth in the northern shore (Fig. 3). The
width of belt rushes was clearly differentiated in the northern shore of reaching an
average width of 28 m (+ 8.8), while in the southern shore 9 m (£ 2.6) and these
differences were statistically significant (T=2.85>T0=2.77, p<0.05).

As colonization depth increased so did diversity of species and total community
biomass of macrophyte in the analyzed parts of the lake Czarne Sosnowickie. Emergent
and floating plants achieved significantly higher values in the northern shore of the lake.
Only submerged macrophytes, despite a small range of distribution, in the southern
shore achieved higher values of biomass. Differences in their biomass were not
statistically significant (T=1.35<Ta=2.57, p<0.05) (Fig. 4).

Plants with floating leaves grew equally well in both of the analyzed sections of the
lake. In the northern part of the lake (7 species), there was a slightly greater numbers of
free floating and floating-leaved plants and biomass of emergent macrophytes ranged
from 21 gqw-m™ (111 transect) to 34 gaw'm? (Il transect). In contrast, on the southern
shore there were only 4 species and their biomass ranged from 10 ggw'm? (VI transect)
to 19 gaw-m™? (V transect) (Fig. 4). Differences in biomass and the colonization depth of
these groups of macrophytes at different positions were not statistically significant
(T=1.75<T0=2.57, p<0.05).

Both the northern and southern shore of the lake was under the influence of riparian
trees shade. The amount of light had a significant impact on the structure of emergent
macrophytes. It turned out that in the more shady places (southern shore) helophytes
density and biomass was lower. But in these transects shoots of emergent macrophytes
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were longer (Pearson 0.92, the correlation very large) suggesting high competition for
light.

In the northern shore of the lake rushes species diversity, biomass and colonization
depth were generally higher than along the southern shore (Table 4).
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Figure 3. Distribution of macrophytes in the northern and southern shore of the Lake Czarne
Sosnowickie

Differences of some morphometrical features of Phragmites australis (Cav.) Trin. ex
Steud., and the fact that the species occurs in all positions of study were clear and
statically significant (T = 10.3> Ta = 4.3, p < 0.05) (Table 4).
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Figure 4. Mean number of macrophyte species and their biomass in distinguish parts of shore

Table 4. The structure of emergent macrophytes in studied transects of Lake Czarne
Sosnowickie

Transects Northern shore Southern shore
North-west North North- South- South South-east
Feature N ) east (111) | west (VI) V) (V)

Dominant species in Phragmites australis (Cav.) Trin. ex

Typha angustifolia L.

biomass Steud.
Width of belt rushes
(m) 19428 40 £5.1 25+2.2 13+1.9 9,4+09 7+1.1
Max depth of rushes 13 1.2 1.2 1.2 11 11
occurrence (m)
Density of helophytes 76 64 60 56 38 48
(ind. per m?)
Number of species 9 7 5 4 3 2
Mean length of
Phragmites australis 1.8+0.2 1.8+05 | 1.9=+1.2 2.1+0.7 2+0.1 2.3+04

(m)

Biomass of single 13.9
shoot of Phragmites 15.24+2.4 ' 142417 | 174434 | 182422 18.8 4.1

australis (gqm) +1.3
Total biomass of 435 302.4 199.2

rushes (gsmm™®) 516.8+22 £198 408 £25.6 177 1115 259 £10.4
Index of Shannon- 15 14 14 11 09 -

Weaver

The low density of emergent macrophytes caused that biomass of shoots was higher.
Dependency statistically significant (T = 5.2> Ta = 3.3, p <0.05).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(3): 249-261.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1403_249261
© 2016, ALOKI Kft., Budapest, Hungary



Sender: The effect of riparian forest shade on macrophytes
- 257 -

There was a strong correlation between length of shadow and biomass of
emergent macrophytes (Pearson 0.99). The smaller shadow caused the higher total
biomass of rushes. Higher correlation was also noted between the width of
helophytes and the length of shadow. If the range of helophytes decrease, shadow
will increase (Pearson 0.76).

Shannon-Weaver index confirmed significant variation within this group of
macrophytes (Table 4).

Higher colonization depth of submerged macrophytes was in transects on the south
side of lake (average 2.5 m). On the northern shore the maximum depth of macrophytes
occurrence was only 1.5 m (Fig. 3). The highest diversity of species (7) and biomass
(178.8 gaw'm™) occurred in the southern shore in a depth ranging from 1.5 to 2.0 m. In
the northern shore the highest number of submerged species (5) was observed in a depth
ranging from 1 to 1.5 m and their biomass was 157.3 gaw'm™ (Fig. 5).

a)

i

2.0-2,5 =+ =<25

b) |

Vi

—(0,5-1.0 cereee 10-1,5 ====15-2,0 2.0-2,5 =-= <25

Figure 5. a) number of plant species and b) biomass of submerged macrophytes in particular
depths of Lake Czarne Sosnhowickie

The same submerged plant species occurred in each investigated part of the lake.
Only their share in the biomass on particular depths and transects was different (Fig. 5,
Table 5).
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Table 5. Share of submerged macrophyte species in biomass and Shannon-Weawer index for
individual depths

o o § Depth (m)
= 2 @ 0.5-1.0 1.0-15 1.5-2.0 2.0-25 <2.5
© <
g 5| L
c | 1.6 1.1 - - -
= (5]
S €5 13 0.7 - - -
3 S G
;. Z<) zZ 1 1.6 0.5 0.9 - -
2. 1 0.9 16 11 0.6
ST 8oV
% § % Vv 0.7 1 1.3 1.2 -
2] VI 0.6 1.3 1.1 1.3 -
o Myriophyllum Myriophyllum
% I spicatum L. spicatum L.
£ Hydrocharis Ceratophyllum
% £ | Il | morsus-ranae L. | demersum L.
= 5’ Nuphar lutea (L.) | Chara fragilis | Chara fragilis
S 1] Sibth.&Sm. Desv. Desv.
= Nuphar
) o Chara fragilis | Nuphar lutea | Nuphar lutea | lutea (L.)
% % IV | Lemna minor L. Desv. (L.) Sibth.&Sm. | (L.) Sibth.&Sm. | Sibth.&Sm.
) Ceratophyllum | Myriophyllum | Ceratophyllum | Nuphar lutea
S|V demersum L. spicatum L. demersum L. | (L.) Sibth.&Sm.
A Ceratophyllum Nuphar lutea | Nuphar lutea | Nuphar lutea
VI demersum L. | (L.) Sibth.&Sm. | (L.) Sibth.&Sm. | (L.) Sibth.&Sm.
Discussion

The main question of this study was to determine whether riparian trees limit growth
of aquatic plants in lakes. Data showed that it depends on the group of macrophytes and
range of shadow impact. The whole lake was surrounded by forest and similar water
conditions on all shores were confirmed by chemical analysis. Slightly higher values of
the analyzed physical and chemical parameters were in the southern shore of the lake.
The probable cause of this phenomenon was an extinct peat bog, transformed by
drainage (Szymczyk and Szyperek, 2005).

An unambiguous determination of the impact of shading on the growth of
macrophytes is very difficult. Natural conditions are variable and usually applied to a
wide variety of factors. Riparian vegetation limits access of light to the lake only in the
shallow part of the littoral zone. Studies have shown that a large amount of penetrating
sunlight positively affects emergent aquatic vegetation. First of all, less shading is
conducive to the development of emergent and free-floating plants. In these low-light
stands there was a higher species diversity, colonization depth and biomass. They were
much higher than recorded for rivers in south Estonia with similar shade conditions
(Mander et al., 1995). Despite the lower visibilities, higher species diversity and
biomass, the submerged macrophytes occurred the southern shore of the investigated
lake. Experimental studies on the effects of shading carried out on two species of
submerged macrophytes confirmed their disappearance in complete shade, as well as
relatively good growth under moderate shading (Lu et al., 2013). Generally, in the
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studied lake; submerged macrophytes disappeared in the area of floating leaves’ plants.
The most deeply penetrated macrophyte species tolerant of low light conditions were
Myriophyllum spicatum L. and Ceratophyllum demersum L. (Lougheed et al., 2001).
Submerged macrophytes in investigated lake with an area approximately 4 ha were not
dependent on the shading caused by the surrounding forest. Their structure and
development are related to the conditions in the lake. As a rule, submerged macrophytes
grow to a depth of two to three times the Secchi disc depth (Chambers and Kalff, 1985).
In the studied lake almost all zones of submerged macrophyte occurrence were not
dependent on shading from shoreline vegetation. Only macrophytes occurring in the
area of 0.5-1 m depth were influenced by shading. In the northern shore, in spite of
better conditions of sunlight, due to the lush growth of rushes, submerged macrophytes
were losing the competition. In the southern shore where the rush vegetation achieve
lower density and extent of occurrence, submerged macrophytes developed better. In
these areas, there was a greater variety of species and biomass. Apart from the impact of
the shadow zone, along the northern shore of the lake the number of species decreased,
while in rose along the southern shore, just like biomass. Free-floating plants may grow
well in low transparency of water (Feldmann and Noges, 2007). In the investigated lake,
this group of plants developed better (higher species richness and higher biomass) along
the northern shore, with better light condition. This group of macrophytes with dense
reed stands can modify habitat conditions for other species in a very strong way and
even eliminate them (Feldmann and Noges, 2007). Emergent macrophytes are a group
of aquatic plants less dependent on the light conditions occurring in water (Lacoul and
Freedman, 2006). The amount of light reaching them depends on the environment of the
lake.

Usually, higher rushes species diversity, biomass and extent of occurrence were
reached in the northern shore of the lake. This result suggests more favourable
conditions for this group of plants developing in shadier areas. Typha angustifolia L.
was a dominant species in the northern shore. This species is usually considered an
indicator of mineral substrate in meso- to eutrophic water bodies (Zarzycki, 1984). In
the southern shore of the lake, the organic substrate was dominated by Phragmites
australis (Cav.) Trin. Ex Steud. In general, the best habitat conditions for the
development of this group of macrophytes were in the northwestern and southwestern
part of the lake. It was supported by the configuration of lake basin, creating favourable
conditions for their spread (Gasith and Hoyer, 1998).

Thus, the possibility of using coastal vegetation as a tool for dealing with lake
overgrowth may not be reasonable as data from this study suggests that shading does
seem not to play a significant role in development of macrophyte communities. In
bigger lakes interactions are local, whereas in rivers the management of tree vegetation
might control their overgrowing (Mander et al., 2005).
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