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Abstract
We investigated the influence of summer rainfall on Pectinatella magnifica colonies in lotic ecosystems. Of the examined 

substrate materials, branches and aquatic macrophytes supported more colonies of P. magnifica than that by stones or 

artificial materials. The influence of rainfall on P. magnifica colonies differed in accordance with the type of substrate ma-

terial at each study site. In the Geum River, little difference was noted in the number of P. magnifica colonies on branches 

before (mean ± SE, 24 ± 7.3 individuals) and after rainfall (20 ± 8.4 ind.); other substrate types supported fewer colonies 

of P. magnifica after rainfall. In contrast, in the Miryang River, rainfall had minimal effect on the number of P. magnifica 

colonies supported by macrophytes (13 ± 3.8 and 12 ± 4.3 ind., respectively). Artificial material was more abundant in the 

Banbyeon Stream where it was able to support more colonies of P. magnifica. We found that the structure of different 

substrates sustains P. magnifica following rainfall. In the Miryang River, free-floating and submerged plants with a rela-

tively heterogeneous substrate surface were the dominant macrophytes, whereas in the Geum River, simple macrophytes 

(i.e., emergent plants) were dominant. Therefore, we conclude that the substrate type on which P. magnifica grows plays 

an important role in resisting physical disturbances such as rainfall.
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INTRODUCTION

The freshwater bryozoan, Pectinatella magnifica Leidy, 

commonly occurs in both lotic and lentic habitats. Most 

bryozoan species are found in relatively still waters in 

ponds, lakes, reservoirs, and slow-flowing streams, pre-

ferring shallower regions along the shores of lakes and 

ponds (Okamura and Hatton-Ellis 1995). They mainly 

live on a wide range of submersed substrates, including 

natural and artificial materials such as wood, rocks, glass, 

and plastics, and often in great numbers. Generally, bryo-

zoan species do not grow effectively on soft substrates; 

thus, the availability of appropriate substrata for attach-

ment is crucial (Tenney and Woolcott 1966, Wood 1989). 

In temperate regions, P. magnifica colonies grow rapidly 

during the warm months of the year, and can form dense 

mats on biological surfaces such as branches and aquatic 

macrophytes (Ryland 1970, Wood 1991). Their growth 

is largely restricted to relatively warm waters (15–28°C, 

mainly in summer), and although a wide pH range is tol-
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with different environmental characteristics (Geum River, 

Miryang River, and Banbyeon Stream; Fig. 1 and Table 1). 

Sampling point 1 is located in the central-western part of 

South Korea, at the mid-region of the Geum River near Se-

jong Weir, and has slow water velocity and residence time. 

Sampling points 2 and 3 are located in the southeastern 

part of Korea, the mid-region of the Miryang River and the 

Banbyeon Stream. The Miryang River and the Banbyeon 

Stream are the main tributaries of the Nakdong River. The 

study sites located in the Geum and Miryang Rivers have 

abundant natural substrate material (e.g., stones and 

macrophytes), but the study site at the Banbyeon Stream 

is characterized by artificial bottom material (e.g., con-

crete). We used two selection criteria to estimate the influ-

ence of rainfall on P. magnifica colonies: (1) P. magnifica 

colonies should be attached to various substrate types, 

and (2) P. magnifica colonies should be abundant.

In this study, we investigated how the number of P. 

magnifica colonies on various substrate materials was af-

fected during summer (July to August). Prior to collection 

of P. magnifica, we assessed the types of substrate mate-

rial at each sampling point, and then counted the num-

ber of P. magnifica colonies on different types of substrate 

material (stones, macrophytes, branches, and artificial 

material, see Fig. 2) along the littoral area at each sam-

erated, more alkaline waters tend to be favored (Hyman 

1959, Wood 1989). Furthermore, the growth of P. magnifi-

ca is affected by dissolved oxygen (DO) levels, depth, and 

availability of food sources. Although bryozoan species 

have a wide range of tolerance, few P. magnifica occur in 

fairly eutrophic water bodies or waters with high concen-

trations of heavy metals (Henry et al. 1990, Wöss 1994). 

Therefore, P. magnifica colonies are generally difficult to 

find under highly polluted conditions.

Although the summer season is suitable for population 

growth of aquatic organisms such as P. magnifica, the cli-

mate of South Korea hinders the development and growth 

of aquatic organisms due to heavy rainfall during sum-

mer (Campbell 2002, Staley et al. 2007, Jeong et al. 2010). 

In particular, small animals such as rotifer and cladoc-

eran are well known to be strongly influence by summer 

rainfall (Choi et al. 2011). However, there have been few 

studies on the effect of rainfall on P. magnifica colonies. 

We expected that P. magnifica colonies would be nega-

tively affected by rainfall, consistent with other aquatic 

animals. Rainfall leads to increased water velocity and 

decreased residence time in river ecosystems (Jeong et al. 

2007), which strongly influences the survival and popula-

tion growth of aquatic animal communities. Freshwater 

bryozoans consume food items such as phytoplankton, 

rotifers, and protozoa, and they play a key role in regu-

lating food web dynamics (Ryland 1970). In this regard, 

recognition of freshwater bryozoans has been central to 

limnological research.

The primary objective of our study was to investigate 

how the distribution pattern of P. magnifica is affected by 

summer rainfall. We investigated the contribution of sub-

strate materials in supporting large colonies of P. magnifi-

ca during summer at three lotic freshwater ecosystems 

(Geum River, Miryang River, and Banbyeon Stream).

MATERIALS AND METHODS

South Korea is located in East Asia, and has a temperate 

climate. Four distinct seasons lead to dynamic succession 

among biological communities inhabiting the country’s 

freshwater ecosystems. Rainfall in spring and early sum-

mer in 2014 was very low compared to previous years in 

the Geum River (mean rainfall in 2010 to 2014: 688.6 ± 

120.3 mm, rainfall in 2014: 467.8 mm) and Nakdong River 

(mean: 557.2 ± 104.6 mm, 2014: 349.6 mm). Therefore, the 

growing season in 2014 was a more stable environment 

than previous growing seasons due to very low rainfall. In 

the present study, we monitored three sampling points 

Fig. 1. Map of the study area in South Korea. (a) The small map in the 
upper left corner indicates the Korean Peninsula, (b) The Geum River is 
located in the southeastern part of South Korea, and (c) the Nakdong 
River located in the southeastern part of South Korea. The sampling 
points are indicated by solid circles (●).
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Stream, water levels increased with rainfall, whereas in 

the Geum River there was only a minor effect of rainfall 

on water levels.

At a sampling point, we collected water samples using 

a 10 L water sampler to measure environmental variables. 

Water velocity was measured using a velocity instrument 

(Model 3631; Cosmo Riken Co., Yokogawa, Tokyo, Japan) 

along the riparian zone. Water depth was also measured 

three times along the littoral area. A DO meter (Model 58; 

YSI Inc., Yellow Springs, OH, USA) was used to measure 

pling point. The abundance and wet weight of P. magnifi-

ca attached to each substrate was expressed as the colony 

number per type of substrate material in a quadrat (1 × 1 

m). This process was repeated ten times at each study site.

To understand the influence of rainfall on P. magnifica, 

we collected additional samples of P. magnifica colonies 

after rainfall at each sampling point. Fig. 3 shows the dai-

ly rainfall and sampling time at each sampling point. In 

addition, we collected P. magnifica colonies after 70–125 

mm of rainfall. In the Miryang River and the Banbyeon 

Table 1. Environmental factors before and after rainfall at each study site 

    River Rainfall Velocity 
(cm/sec)

Depth
(mm)

WT
(˚C)

DO
(%)

pH Cond.
(µm/cm)

Turbidity
(NTU)

Geum Before 1.1 ± 0.2 680 ± 84 28.8 ± 0.4 116.4 ± 21.3 8.4 ± 0.4 323.2 ± 16.4 8.3 ± 2.1

After 3.5 ± 1.1 820 ± 89 27.1 ± 0.5 107.6 ± 24.6 7.4 ± 0.2 276.5 ± 11.2 13.3 ± 4.2

Miryang Before 2.4 ± 0.8 310 ± 37 27.8 ± 0.3 124.6 ± 23.4 8.1 ± 0.3 136.1 ± 12.5 1.3 ± 0.4

After 8.3 ± 2.4 340 ± 43 27.1 ± 0.5 111.1 ± 34.1 7.5 ± 0.4 108.4 ± 10.6 3.7 ± 1.0

Banbyeon Before 3.3 ± 1.0 320 ± 52 28.7 ± 0.4 130.0 ± 22.6 8.6 ± 0.5 235.2 ± 11.8 4.3 ± 0.8

After       12.8 ± 3.4 460 ± 60 26.0 ± 0.3 101.8 ± 28.6 7.2 ± 0.2 208.8 ± 10.4 12.1 ± 3.7

WT, water temperature; DO, dissolved oxygen; Cond., conductivity; NTU, nephelometric turbidity unit. 

Fig. 2. Pictures of Pectinatella magnifica attached to various substrate materials. (a) stone, (b) macrophyte, (c) branch, and (d) concrete at the study sites.
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RESULTS AND DISCUSSION

In this study, environmental variables differed among 

study sites and were influenced by rainfall (Table 1). Ve-

locity and water depth increased after rainfall at all study 

sites. In particular, water velocity before and after rainfall 

differed markedly in the Banbyeon Stream. In contrast, 

physicochemical variables such as water temperature, 

DO, pH, and conductivity decreased after rainfall at all 

study sites, whereas turbidity increased. Some studies 

have reported that complex combinations of exterior soil 

constituents and interior sediment disturbance could be 

involved in prolonged high turbidity during the rainy sea-

son (Kistemann et al. 2002). Moreover, Jeong et al. (2011) 

frequently observed prolonged high turbidity following 

rainfall during the summer in the Nakdong River. In gen-

eral, aquatic animals (particularly zooplankton) sensitive 

to water flow are negatively influenced by physical distur-

bances such as rainfall, and thus, they mainly develop in 

spring and autumn (Choi et al. 2011). However, nutrient 

enrichment (nitrogen and phosphorus) was not related 

to bryozoan abundance (Hartikainen et al. 2009). In this 

study, we found that P. magnifica was strongly affected by 

increased water velocity following a rainfall event.

During the study period, we found a total of 372 colo-

nies of P. magnifica: 221 colonies in the Geum River, 63 

colonies in the Miryang River, and 88 colonies in the Ban-

byeon Stream. The number and wet weight of P. magnifica 

colonies differed in accordance with substrate type at each 

study site (Fig. 4). In the Geum River, P. magnifica colonies 

were more abundant on branches (average: 22 individu-

als/m2) than on other substrate types, followed by mac-

rophytes (average: 8 individuals/m2). The wet weight of P. 

magnifica colonies was also higher on branches (average: 

1,157 g/m2). We found a high abundance of branch ma-

terial compared with other substrate types in the Geum 

River; thus, the branches support many colonies of P. 

magnifica. In addition, Hubschman (1970) suggested that 

wood material is an appropriate substrate for the attach-

ment of P. magnifica colonies. In contrast, the Miryang 

River and Banbyeon Stream were characterized by a low 

abundance of branches, and thus, branch material sup-

ported relatively few colonies of P. magnifica. In all study 

sites, P. magnifica colonies were less frequently attached 

to stone material. Stones have a narrow substrate space, 

which reduces the attachment of P. magnifica colonies. In 

the Geum and Miryang Rivers, the amount of stone mate-

rial was relatively small, and colonies of P. magnifica were 

sparsely developed on stone. There were also few colonies 

of P. magnifica found on artificial material (i.e., concrete) 

the water temperature and DO, and conductivity and pH 

were measured using a conductivity meter (Fisher con-

ductivity meter model 152; Fisher Instrument Co., Pitts-

burg, PA, USA) and pH meter (Orion Model 250A; Orion 

Research Inc., Boston, MA, USA), respectively. The col-

lected water samples were transported to the laboratory 

to measure turbidity using a turbidimeter (Model 100B; 

HF Scientific Inc., Ft. Myers, FL, USA). We utilized a two-

way ANOVA (α = 0.05) to compare the number of P. mag-

nifica colonies in accordance with substrate type (stones, 

macrophytes, branches, and artificial material) and rain-

fall simultaneously using the statistical package SPSS for 

Windows (ver. 14).

Fig. 3. Daily rainfall distribution during the summer (July and August) at 
each study site. Gray bars indicate sampling time.
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in the Geum and Miryang Rivers. Moreover, the colonies 

of P. magnifica on artificial material were small. However, 

the artificial material was more abundant in the Ban-

byeon Stream where it was able to support more number 

of colonies of P. magnifica of relatively larger sizes (>400 

g/m2).

The influence of rainfall on P. magnifica colonies dif-

fered according to the type of substrate material (Fig. 4). 

In the Geum River, the numbers of P. magnifica colonies 

on stones and macrophytes markedly decreased after 

rainfall (stones: 6 and 2 individuals/m2; macrophytes: 16 

and 3 individuals/m2, before and after rainfall, respec-

tively), whereas there was no significant difference in the 

number of P. magnifica colonies on branches before (24 

individuals/m2) and after (20 individuals/m2) rainfall. The 

wet weight of P. magnifica colonies had a similar trend 

as colony number. We found that branches can support 

more P. magnifica colonies against rainfall occurrence in 

summer. In contrast, in the Miryang River there were few 

colonies on branches after rainfall (3 and 1 individuals/

m2, before and after rainfall, respectively). In the Miryang 

River, most of the branches were small, and P. magnifica 

colonized very few branches. However, macrophytes in 

the Miryang River supported similar numbers of P. mag-

nifica colonies before (13 individuals/m2) and after (12 

individuals/m2) rainfall. The wet weights of P. magnifica 

colonies on macrophytes and branches were no different 

in relation to rainfall occurrence. The Miryang River was 

dominated by macrophyte species with relatively complex 

structures, such as submerged and free-floating plants 

(e.g., Trapa japonica, Ceratophyllum demersum, and Val-

lisneria natans); thus, we propose that these plants could 

support a high abundance of epiphytic animals such as P. 

magnifica. Similarly, Choi et al. (2014a) suggested that ep-
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Fig. 4. Abundance of Pectinatella magnifica on each substrate type 
(stones, macrophytes, branches, and artificial material) before and after 
rainfall.

Table 2. Two-way ANOVA results for the effects of substrate type (stone, macrophyte, branch, and artificial material) and rainfall effect on the number of 
Pectinatells magnifica colonies

     River             Factors N d.f F P

Geum Substrate types 221 1 6.384 0.017

Rainfall 221 1 7.841 0.036

Substrate types x Rainfall 442 1 5.763 0.019

Miryang Substrate types 63 1 8.146 0.011

Rainfall 63 1 3.480 0.278

Substrate types x Rainfall 126 1 4.241 0.116

Banbyeon Substrate types 88 1 9.146 0.004

Rainfall 88 1 9.861 0.000

Substrate types x Rainfall 176 1 9.621 0.000

Results from a two-way ANOVA where significance was determined at (where significance was determined at P < 0.05).
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