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Some Factors Effecting Algal Densities 
in a Eutrophic Farmland Stream 

James  W.  M o o r e *  

School of Biological Sciences, University of Bath, Bath, England 

Summary. Population dynamics of attached algae in a eutrophic farmland 
stream (Wellow Brook, England) were correlated through multiple regression 
analyses with changes in 7 physico-chemical parameters (temperature, light, 
water velocity, pH, NO3-N, P2Os-P, SiO2-Si). Samples were taken every 
2 weeks for 25 consecutive months between June 1973 and June 1975. The 
relative significance of the 7 parameters in controlling densities varied widely 
depending on species. Overall light was most important, accounting for 28 
and 17~o of density changes in the epipelon and epilithon respectively. While 
winter flooding caused a sharp reduction in the density of these 2 communities, 
the concentration of P2Os-P and NO3-N and pH usually had little effect on 
numbers. The 7 parameters did not exert major control over the epiphyton, 
normally accounting for < 30% of densities variation. Grazing by the pro- 
tozoan Frontonia acuminata may have significantly reduced the density of the 
epipelon for 2 months during the spring but otherwise was of no importance 
to any community. 

Introduction 

While much has been written on the factors controlling phytoplankton dynamics, 
attached communites have received far less attention (Round, 1972). This is 
largely due to the problems associated with the frequent large-scale shifts in 
environmental condition of rivers and the inadequacy of sampling techniques 
(Round, 1970; Jones, 1974). It is also difficult to determine the importance of 
herbivorous grazing in controlling algal numbers, due both to the problems asso- 
ciated with estimating feeding rates (Moore, 1977) and population densities 
(Williams and Hynes, 1974). The purpose of this study was therefore to describe 
some of the factors influencing population cycles of attached algae in Wellow 
Brook, a eutrophic farmland stream situated in southern England. 

* Present  address: Environmental Protection Service, P.O. Box 2310, Yellowknife, Northwest 
Territories XOE 1 HO, Canada 
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Materials and Methods 

Wellow Brook is 20 km long falling 130 m to its juncture with the Avon River. It flows mainly through 
pasture but several towns are situated along its banks. A few streams flow into Wellow Brook but 
lakes and ponds are absent. The collection area (51~ N; 2~ ' W) was situated near Radstock in 
a rural area about 10km from the source. The stream at this point was unshaded, 10m in width, 
and much of its bed was covered with large rounded rocks (10-30cm diameter) that supported 
extensive growths of Cladophora glomerata (Lyngby.) Kz. Samples of epipeton (algae associated 
with sediments) and epilithon (with rocks) were taken from the same site located 1 m from shore 
every 2 weeks (June 1973-June 1975) as outlined in Moore (1976). Simultaneous collections of the 
epiphyton associated with C. glomerata were made (Moore, 1976) in 4 areas just upstream from this 
station. Each area had a different but normally stable current speed, i.e., Site I (66-85 cm/s), Site II 
(46-65 cm/s), Site III (26-45 cm/s), and Site IV (10-25 em/s). The first site was situated in mid-stream 
and the others were located at respective distances of 3, 1, and 0.5 m from shore. During periods of 
high water in winter (Fig. 1), current speed in all 4 areas ranged from 45 to 100 cm/s. 

The methods of collection and analysis of each algal assemblage and the determination of 
physico-chemical parameters were identical to those outlined earlier (Moore, 1976). To estimate the 
quantity of material that had settled on C. glomerata, the samples from each site were washed lightly 
with distilled water and the dislodged material was dried by sublimation ( -40  ~ C) to constant weight. 
Microscopic examination of the filaments indicated that virtually all the material was removed and, 
although a few epiphytes were also dislodged, their contribution to the estimate of settled material 
was considered negligible. The density of protozoans on the sediments was determined by diluting 
the samples used for the analysis of epipelie algae in distilled water to 100 ml. Three 10 ml aliquots 
were taken and all the animals in each aliquot counted. 

Multiple regression analyses were used to determined the effect of the 7 physico-chemical para- 
meters on the density of predominant algae. Since herbivorous grazing usually had little influence 
on the population cycles, as outlined later, it was not included in the analyses. The importance of 
light as an ecologic factor was estimated using the time between sunrise and sunset. 

Results 

Phys ico-chemica l  analysis .  W a t e r  t empera tu res  va r i ed  f rom 4 to 19~ with  a 
m a x i m u m  dai ly  range  o f  1.5~ occur r ing  in summer .  Nu t r i en t s  (PzOs-P,  NO3-N,  
SiO2-Si ) a lways  occur red  a b u n d a n t l y  (Fig.  1). p H  was usual ly  nea r  8 wi th  to ta l  
a lka l in i ty  rang ing  f rom 260 to 390rag/1 as C a C O  3. The  o rgan ic  con ten t  o f  the  
sed imen t s  f luc tua ted  be tween 5 a n d  8 %  o f  the  to ta l  d ry  weight.  Da i ly  obse rva t ions  
at  We l low  B r o o k  ind ica ted  tha t  all  pe r iods  o f  e leva ted  d ischarge  were  r eco rded  as 
in F igu re  1. Discharge  ave raged  2.5 m3/s wi th  m a x i m u m  and  m i n i m u m  values  o f  
15 and  2 m3/s respectively.  

Ep ipe lon  a n d  epi l i thon.  A recur r ing  pa t t e rn  in the  seasonal  a b u n d a n c e  o f  pre-  
d o m i n a n t  epipel ic  a n d  epi l i th ic  species was no t  ev ident  (Fig.  2). A l t h o u g h  Navi- 
cula viridula v. minor V . H .  a n d  Suriretla ovata v. minuta Br6b.,  for  example ,  
r eached  m a x i m u m  number s  dur ing  the spr ing b l o o m  (Apr i l )  in 1974, dens i ty  
values  were  m u c h  lower  at  a c o m p a r a b l e  t ime in 1975. S imi la r ly  while  Navicula 
tripunctata (O. F.  Mii l l . )  Bory  occur red  in re la t ively  large number s  du r ing  the 
s u m m e r  a n d  fal l  o f  1973, this  species fai led to  a t t a in  c o m p a r a b l e  deve lopmen t  at  
any  o the r  t ime,  a fea ture  no ted  for  several  o the r  p l an t s  (Fig.  2). Mul t ip l e  regress ion  
analyses  ind ica ted  tha t  1 9 - 5 4 %  o f  the  dynamics  o f  mos t  species cou ld  be re la ted  
to the phys ico-chemica l  p a r a m e t e r s  measu red  (Table  1). O f  these, wate r  veloci ty  
and  the concen t r a t i on  o f  SiO2-Si were usual ly  the  mos t  impor t a n t ,  pa r t i cu l a r ly  
in the  ep ipe lon ,  while P2Os-P was o f  least  significance.  
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Fig. 1. Seasonal changes in 
physico-chemical properties of 
Wellow Brook. Current speed was 
measured over the area used for 
collection of epipelic algae. 
All nutrients are expressed as mg/1 
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Fig. 2. Seasonal changes in the 
density of common epipelic and 
epilithic algae in Wellow Brook 
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Fig. 3. Seasonal changes in the 
standing crop of the epipelon and 
epilithon in Wellow Brook. 
- -  numbers, - . . . .  cell volume 
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Fig. 4. Seasonal changes in the 
standing crop of Cladophora 
glomerata and its epiphytic flora at 
sites I and IV in Wellow Brook. 
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Fig. 5. Seasonal changes in the 
standing crop of epiphytic algae at 
Sites I and IV in WeUow Brook 

Population dynamics of the total standing crop, although generally similar 
throughout 1974, differed considerably during 1973 (Fig. 3). Thus, while the epi- 
lithon increased sharply in numbers in August, comparable development failed to 
occur on the sediments with virtually the opposite pattern taking place in Novem- 
ber. About 70~o of the seasonal variation in the density of the epipelon could be 
accounted for by the physico-chemical parameters measured (Table 1). Of these, 
light and water velocity were most important while the concentration of nutrients 
played an insignificant role in controlling numbers. Seasonal variation in the 
epilithon was weakly influenced by light, temperature, and water velocity with 
the other parameters accounting for only 2.3~o of density changes (Table 1). 
Poorest development in both communities invariably occurred during high water 
while periods of maximum growth were observed when the population of C. glorn- 
erata was either low or waning. 

Epiphyton. The standing crop of Cladophora glomerata varied seasonally 
with a maximum value of 150 g (dry weight)/m2 being recorded at Site IV (Fig. 4). 
Temperature strongly influenced this plant, accounting for 69~ of density varia- 
tions, followed by light (10~), SiO2-Si (1.7~), and NO3-N (1.5~). The quantity 
of detritus associated with C. glomerata increased inversely with water velocity. 
Thus in the fastest flowing reaches of Wellow Brook values seldom exceeded 
0.02 g/g dry weight of C. glomerata while in relatively calm areas weights of up to 
2 g/g were recorded. 
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Although Rhoicosphenia curvata (Kz.) Grun. ex Rabh. was the predominant 
epiphyte in the rapid water collection area, several other species occasionally 
achieved high densities (Fig. 5). The relative abundance of R. eurvata decreased in 
slower flowing areas with Cocconeis spp and Chamaesiphon incrustans Grun. be- 
coming much more important (Fig. 5). The pattern of seasonal change in the 
density of the epiphytic communities was usually similar regardless of ambient 
water velocity (Fig. 4). Thus peak development in all 4 populations occurred when 
the standing crop of C. glomerata was either low or declining, as exemplified by 
the data from Sites I and IV (Fig. 4). The assemblage growing in relatively calm 
reaches of Wellow Brook was, however, always much larger than the population 
inhabiting rapid water areas. The relative importance of the 7 environmental para- 
meters in controlling densities varied depending on ambient water velocity (Table 
2). P2Os-P, for example, was often of primary significance at Site I but was 
replaced with SiO2-Si at Site IV. In contrast to the epipelon and epilithon, water 
velocity had little effect on population changes. 

Discussion 

The periodicity of C. glomerata during 1973 parallels the situation in other tem- 
perate zone rivers where 2 distinct periods of intensive growth occur (Whitton, 1970; 
Bellis and McLarty, 1971). This feature, which is often related to high mid-summer 
temperatures, contrasts with the uninterrupted rise and fall in numbers in 1974. 
Since changes in temperature were well correlated with shifts in the density of 
C. glomerata, the bimodal growth of 1973 was due to a cooling of the water rather 
than excessively high temperatures. The poor development of C. glomerata in the 
rapid water collections site contrasts markedly with certain other populations 
(Zimmerman, 1961), and at present no explanation can be offered to account for 
this discrepancy. 

The inverse relationship that often existed between the density of the micro- 
flora and that of C. glomerata was probably due to a number of factors. Firstly 
competition for at least one component of the environment may have controlled 
the abundance of the smaller algae. It is known, for example, that vascular plants 
as well as C. glomerata normally compete more successfully for nutrients than 
unicellular algae (Fitzgerald, 1969). Since, however, N, P, and Si always occurred 
abundantly in Wellow Brook, some other substance may have restricted develop- 
ment, as previously observed for planktonic algae (Lund, 1971). It should be noted 
that the microflora sometimes showed an elevation in numbers when the standing 
crop of C. glomerata was high. During these periods C. glomerata was always 
waning and invariably dropped to very low densities within a few weeks. Thus 
most of the population was either dead or dying implying that there would be 
little nutrient use. In addition to this factor, production of toxic metabolites by 
C. glomerata and differential growth between C.glomerata and the microflora 
would account for the inverse density relationship. 

There were several other instances in which development of certain species 
was correlated. For example, in the epilithon, the abundance of S. ovata increased 
only after N. viridula had waned. As in C.glomerata, the production of toxic 
metabolites could account for these relationships. Perhaps (and more likely), 
however, they are simply due to differential response to abiotic factors. 



Some Factors Effecting Algal Densities in a Eutrophic Farmland Stream 265 

The generally small contribution of nutrient concentration to the dynamics 
of all 3 communities is similar to other eutrophic farmland rivers (Backhaus, 
1968a, b; Marker, 1976a, b). This can be related to the fact that the high level of 
dissolved material in such areas seldom restricts growth. The broad variation in 
temperature should probably have caused wider fluctuations in the density of the 
flora than were observed (Moss, 1973). Perhaps under nutrient-enriched con- 
ditions algae are able to tolerate variations in other parameters such as temperature. 
The significant contribution of light to the epipelon and epilithon parallels the 
situation in other temperate zone populations (Gruendling, 1971 ; Marker, 1976 a). 
Since Wellow Brook was unshaded, the summer reduction in densities was not 
due to leaf cover, which, in some streams, can severely limit development (God- 
ward, 1934; Whitton, 1970). Is should perhaps be pointed out here that the overall 
MR2 values for all 3 communities are largely a reflection of the variability induced 
by a few predominant species. In other streams where different species exist, the 
importance of the various independent variables could be dissimilar to those ob- 
served in this study. 

Most of the common epipelic and epilithic species were similar to those recorded 
for other areas of England (Round, 1960, 1961; Moss and Round, 1967). For 
epiphyton, the importance of Coeconeis spp. and Chamaesiphon incrustans in the 
calmer areas contrasts with the data of Chudyba (1968). In this latter study, Coc- 
coneis pediculus was predominant in fast-flowing water while the abundance of 
C.placentula v. euglypta remained relatively constant regardless of water velocity. 
Furthermore, Rhoicosphenia curvata showed considerable development at one 
of the calmer sites in Chudyba's study. Although the reason for these differences 
is not apparent, it should be noted that the pattern of seasonal distribution did, 
for short periods in the present study, parallel those described by Chudyba. 

Since the predominant epiphytic species in Wellow Brook characteristically 
possessed well-developed attachment mechanisms such as stalks, water velocity, 
even during flooding, had little effect on density changes. In contrast several 
common epipelic and epilithic species were only poorly attached to the substrate 
and thus flow was more important in controlling densities. It should be noted that 
while several epipelic species did possess stalks, high periods of discharge scoured 
both the plant and substrate, contrasting with the epiphytic substrate (C. glomerata, 
which was not influenced by flooding. Because the density of the epiphyton in- 
creased with the amount of detritus on the filaments, this factor was not primarily 
responsible for limiting algal growth. 

Although herbivores were generally rare on the sediments, the protozoan 
Frontonia acuminata Ehr. did occur abundantly during March and April 1974 and 
was absent at other times. They contained an average of 8.2 + 1.7 (-+-95~ con- 
fidence limits) diatom cells per individual and, since their density was estimated 
at 13,600 -+ 1,400/cm 2, about 1.1 x 105 cells/cm 2 were contained in these organisms. 
This value represents about 10~ of the total standing crop of the epipelon at this 
time. While feeding rates were not determined due to the high degree of error 
involved with such estimates (Moore, 1977; Saunders, 1969), the large quantity 
of ingested algae (cf. Moore, 1972, 1975) indicates that significant herbivory may 
have taken place. 
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The  d i a t o m  Navicula viridula v. minor accoun ted  for  50% by n u m b e r  o f  the  
a lgae  in the  gut  o f  F. acuminata, fo l lowed by  Surirella ovata v. minuta at  35%. 
Since this  la t te r  species was m o r e  a b u n d a n t  in the env i ronmen t  t han  N. viridula, 
there  was some degree  o f  food  selection.  This  fea ture  can  be exp la ined  by  the fact  
tha t  S. ovata is well  a t t a ched  to  the  subs t ra te  by  a ge la t inous  s ta lk  whereas  N. 
viridula possesses,  a less efficient  m e c h a n i s m  for  a t t a c h m e n t  and  is thus  easier  to  
d is lodge .  I t  is a lso  poss ib le ,  however ,  tha t  N. viridula was or ig ina l ly  p r e d o m i n a n t  
in the env i ronmen t  bu t  was grea t ly  r educed  in number s  t h r o u g h  the graz ing  o f  
F. acuminata. In  some hab i ta t s  p r o t o z o a n s  are non-select ive  feeders (Gou lde r ,  
1972). In  con t r a s t  to  the  effects o f  graz ing  by  p r o t o z o a n s ,  the  large number s  o f  
Asellus aquaticus a n d  Gammarus pulex found  a m o n g  the growths  o f  C. glomerata 
did  no t  s ignif icant ly  reduce  the s tand ing  c rop  o f  the  e p i p h y t o n  (M oore ,  1975). 
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