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Effect of growth rate on unicell production in two 
strains of Scenedesmus (Chlorophyta) 
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P. SIVER AND F. TRAINOR. Effect of growth rate on unicell production in two strains of Scenedesmus 
(Chlorophyra). Plzycologia, 22, J:>7-13 I. 

Two strains of Scenedesmus were examined in laboratory culture in a va riety of growth conditions 
in an attempt to stimulate unicell production. The UTEX strain 614 did not form unicells at a'.1y 
time, even though others have recen tly implicated growth rate as a factor involved in unicell pro
ductiop . Scen.edesmus strain 170. a known unicell producing organi sm, develops a unicellular stage 
in response to ava ilable ammonium and internal carbohydrate level. At constant gro \vth rate, from 
approximately 5 to 100'1- unice lls were produced by varyi ng the nutrient base. Many spine-bearing 
members of this genus develop the unicell stage. At present a nutritional demand appears to be the 
common factor in triggering unicell production, but not growth rate. 

INTRODUCTION 

The question of unicell production in S cenedes
mus (Chlorophyta) has plagued phycologists for 
almost 100 years. A unicell is a very distinct 
stage in the Sce11 edes111 11s life history . It is formed 
when the product-;; of a recently divided cell fail 
to join and form a colony prior to release from 
the parent cell (Trninor. Cain & Shubert , 1976). 
Additionally , befor e release. the individual cells 
of spine-bearing species produce two or more 
spines at the pole of each unicell. Wolle ( 1887) 
first described unicell s as a possible stage in a 
typical life history . Working wi th xenic cultures. 
some no doubt co ntaining several species of a l
gae, Chodat ( 1926) investigated unicell produc
tion in the spine-beari ng species of the ge nus a nd 
also believed that this was a significant stage in 
a life history . However. because Chodat' s cul
tures were sometimes bialgal. most of his work 
had to be confirme d in later studies . 

Trainor & Hil ton i 1963) initiated a study of 
morphogenesis in t he genus Scenedes111 11s. using 
established culturing techniques . Since that time, 
we have learned that even though many isolates 
produce such a unicell stage. a large number do 
not . Furthermore . u nicell s can be formed by both 
the spine-bearing a nd non-spine-bearing mem
bers of the genus . Pseudounicells can be pro
duced in several ways (f ig. I). First. a colony 
may fragment. With any spine-bea ring mem ber 
of thi s gen u~. th is r:irel~ happen'.>. ( f ( a ➔-celled 
colony of S. 411ad ric,111da frag mented , it would 

have two ·unicells' with one spine at each of the 
apices and two spine-less ·unicells'. Upon close 
examination these could not be confused with 
true unicells.) Second, unicells may be mistak
enly reported if the observer views a colony end 
on. Third. the last remaining cell of a colony. 
after the other cell(s) had divided and released 
their progeny ( Fig. I). might occai:ionally be tal
lied as a unicell, and recorded with that popu
la tion (Ga vis et al., 1979). At all times good mi
croscopy is needed for accurate enumeration. 
Finally, there is a nutritional basis to the for
mation of unicells in most s trains examined 
(Trainor & Rowland, 1%8: Siver & Trainor. 
1981), but we have not yet seen a unifying prin
ciple. 

Gav is et al. ( 1979), working with nitrogen
limited chemostat cultures grown under contin
uous light at 20°C. reported that unicells in the 
UTEX 614 strain of Scenedesm11s were formed 
primarily at low growth rates. Fewer tha n 4% 
unicells (see their Fig . I l were reported under 
all experimental conditions . These data were in 
direct contrast with work using other species 
(Trainor & Shubert. 1974: Swale. 1967: Siver & 
Trainor. 198 1). as well as with previous obser
vations we had made with the same 614 strain 
of Scenedes11111s . In morphological (Trainor & 
Shubert. 1974: Trainor et al .. 1976) and EM 
studies (Bisalputra, 1%5 or Trainor & Massal
ski. 1971) wit h UTEX 61 4 a true unicellular stage 
wa~ ne, er ob~erved. 

We will ind icate why it is important to distin-
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Fig. 1·. Unicells and pseudounicells in Scenedesmus. 
True unice/1s: (a) formed during the division cycle . 
When four new cells fail to join. each produces several 
spines. Thus a 4-celled colony is equivalent to four 
unicells . Pse11do1111icells: (b) theoret ical single cell s if 
a colony, such as figured in (a), fragmented. (cl A 
pseudounicell might be tall ied if a colony were ob
served in end view, with cells one above the other. 
The observation would be from an end view, in the 
direction of the arrows . (d) One cell remaining in what 
was a 2-celled colony . 

guish between true unicells and pseudounicells ; 
these. two forms develop under entirel y different 
physiological conditio ns and represent di stinct 
stages in any life history . Eventually, in dealing 
with the taxonomy of these organi sms it will be 
important to recognize the various morphologi
cal types in a polymorphic species, especiall y 
stages observed under natural conditions , and 
to understand their method of production. 

MATERIALS Al'iD \ IETHODS 

Two axenic strains of Scenedesmus were used 
in this study, .UTEX 614 and strain 170. The first 
strain was chosen because it was studied by 
Ga vis et al. ( 1979): the latter strain was selected 
beca use it is a known unicell producer . and some 
degree of control of this stage has been achieved . 

Both organisms were grown in Bristol' s me
dium (Siver & Trainor, 1981): strain 170 was cul
tured in both soil extract and Bristol' s with var
ious additives (Table I). l1TEX 6 14 was grown 
in Swan Lake Water ( SL Wl. which has ofte n 
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Table I. The mean doublings/day and percentages of 
unicells for S cen edes m11s strain 170 grown in five me
dia. 

Doub lings 
per day 

% Uni------
Medium Mean , .d . cells 

Bristol ' s 1.50 0.23 7 
Bristol's + GA 1.51 0.30 7 
Bristol's + NH,- 1.51 0.36 21 
Bristol' s + NH, • + GA 1.51 0. 155 71 
Bri stol's + NH, + + GA + 

Vitamin B12 1.6 I 0.154 93 

Cells were grown at 22°C. 60 µm ol m-' s- 1 and a 
16 : 8 h photoregime. Additions of ammonium, glycolic 
acid and vitamin B,2 were 7.8. 39 and 0.5 mg 1- 1 re
spectivel y. Cells were transferred dai ly and the per
centages of unicells were means fo r populations on 
day 4. An analys is of variance showed no signi fi cant 
(0.05 signifi cance level) difference among the mean 
growth rates for the variou s media. However, there 
were signi ficant (0. 05 significance level) di fferences in 
unicell production between any two media except be-

. tween Bristol' s and Bristol' s + GA (ANOVA and Tu
key q ). 

been used in attempts to duplicate natural con
ditions (Trainor , 1976). Swan Lake is on the 
University of Connecticut campus . 

Experimentation was conducted at 22°C, at 
·photon flux densities of 60 or 100 µm o! m- 2 s- 1 

( 16:8 h photoregime) with a daily repleni shment 
of nutrients. Both organi sms were grown in a dai ly 
transfer system . With UTEX 614 , we worked 
with an initial cell concentration of 105 cells mJ- 1: 

cell concentrations soon adjusted to the carrying 
capacity of the t.wo culture solutions used (see 
results). With strain 170, a sufficient aliquot of 
the culture was replaced dail y to re-establi sh the 
initial concentration of3. 5 x 104 cell s m1- 1 (Siv
er & Trainor, 198 1). Growth was measured as 
cell doublings per day. 

RESULTS 

Sce11edesmus strain UTEX 614 

Thi s strain was examined for one week in a daily 
transfer sys tem, at two different ligh t intensities, 
in both Bristol' s medi um and Swan Lake Water 
(SLW). In all observations . using a l : l dai ly 
transfer there was approx imatel y one doubling 
of the population daily . However. Bristol' s me
dium suppor1eJ 3.5x more cells than Swan Lake 
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Fig. 2. The percentage of the population of Scenedesmus strain 170, grown in soi l extrac t, but not transferred, 
expressed as unicells (e ) and colonies . In time the population shifted to 2-celled ( .6.) and 4-celled colonies (II ). 
The cell number (0 ) is expressed as cells per ml. 

water. Also at the higher light intensity ( 100 µmol 
m- 2 s- 1), SL W had sufficient nutrients to sup
port (f.Y7o more organisms than at 60 µmol m- 2 s·-1• 

Unicells were not observed. Two-celled (few) 
and 4-celled colonies were found in Bristol's me
dium, while colonies with four or eight c.:ells de
veloped in SLW. 

Scenedesmus strain 170 

When grown in five media (Table I) , a t 22°C, 60 
µmol m-% s- 1 with daily transfer. mean growth rate 
ranged from 1.5 to 1.61 doubli ngs per day (Table 
I). However. mean unicell concentration ranged 
from 7% to 93% . There was no significa nt dif
ference (0.05 significance level) among the mea n 
growth rates, but there were significant differ
ences in unicell production between any two 
media,. with the exception of Bri stol' s and Bris
tol"s with glycolic ac id (AN OVA and Tukey q). 

To further investiga te the relationship be
tween growth rate and uni cell formation, Scene
desnws strai n 170 wa s grown in four media at 
four different temperatures. There were signifi
cant differences (0.05 s ignificance level) for both 
growth rates and unicell produc tion between the 
middle (22-23°C and :28-29°C) a nd the extreme 
( 15-17°C and 30-3 l 0 C) temperature ranges . For 
each mediu m. the greatest percent::ige of unicell5 

' 

was formed at the highest growth rates. In ad
dition. within each temperature range the largest 
percentages of unicells were formed in two me
dia, name ly Bristol's-ammonium-glycolic acid or 
Bristol"s-ammonium-glycolic acid-vitamin 8 12 . • 

When soil extract (SE) was inoculated with 
JOO%,, colonies of Scenedesmus strain !70 and 
transferred daily, the popula tion became 90'7o 
unicellul ar: the transformation took two days. It 
remained almost completely unicellular as long 
as daily transfers were maintained. Two dou
blings per day were observed in these experi
ments using SE. When daily transfers were ter
minated the unicell level dropped to less than 
2% within four days (Fig . 2). 

DISCUSSION 

We confirmed most previous observations with 
UTEX 614 (Bisa lputra, 1965 : Trainor & Mas
salsk1, 197 1), namely that it is not a producer of 
true unicells. Despite the fact that Gavis et al. 
( 1979) di scussed unicell production with this 
strain, we observed no unicell s among the thou
sands of cells counted. We believe it unlikely 
that the5e differences in re sults a re due to use 
of Wood, Hole MBL medium in the i979 study, 
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simply because UTEX 614 is not a unicell pro
ducer. 

There is a great deal of variability among 
strains of this organi sm, and after a careful re
view of the literature, it was observed that there 
is quite a difference among strains in their ability 
to develop a unicellul ar stage . When 614 data 
are compared with information on other spine 
forming Scenedesmus species, UTEX 614 is 
found to be considerably larger than most 
species, one which grows at a slower rate tha n 
most, and a species which can form only the 
colonial stage. Also, there are several mecha
nisms involved in unicell formation, but the re i5 
no evidence that growth rate is one of these (see 
below) . 

In the absence of diagrams. one cannot be cer
tain that Gavi s et al. ( 1979) really observed a 
unicellular stage. Firstly , the percentages of un
icells reported were 4o/c or lower. Secondly , they 
included in their enumeration some colonies 
which had released progeny from a ll but one cell. 
This colony was designated a ' un icell'. Thirdly , 
orientation of colonies on the counting slides may 
have compounded the problem. Colonies of most 
species of Scenedesmus are observed with all 
cells in a plane parallel to the microscope slide 
surface. On the other hand , UTEX 614 has a 
more random oiientation: quite commonly one 
sees the end cell of a colony , with the other 
cell(s) perpendicular to the plane of the micro
scope stage. Such an organism can be tallied 
only after waiting for the specimen to mo ve , or 
after gently tapping the slide. It is our opinion 
that Ga vis et al. ( 1979) were enumerating what 
we have referred to as pseudounicells earlier in 
this paper. Until Gavis et al. ( 1979), there had 
been no reports of a relationship between growth 
rate and unicell formation in Scenedesmus 
(Swale, 1967; T rai nor & Rowland , 1968 : Shubert 
& Trainor , 1974: Overbeck & Stange-Bursche, 
1%6). 

Growth rate , especiall y low growth rate. was 
not a factor in volved in unicell production in any 
strain we have examined (Table I. 6 14 data, un
published data with other strains). Our re sults 
with Scen edesnws 170 clearly show that at con
stant growth ra te. a very wide range of unicell 
percentages can be achie ved (Table I). In ad
dition. when grown under conditions yielding 
lower growth rates. either at lower temperatures 
or when daily transfer was stopped and a fresh 
supp ly of nutrient s was not available (Fig. 21. 
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the percentages of unicell s dropped significant
ly . Swale ( 1 %7), who originally isolated 170, ob
served that unicell s deve loped during the ex
ponential phase of growth when a fresh soil water 
bottle was inocul ated. Trainor ( 1971) grew 170 
in a defined dilute medium and used a daily 
transfer system. The orgnaism produced 100% 
colonies in the dilute medium. but was trans
formed to I OWc unicells after two days upon the 
addition of soil extract. He concluded that a nu
tritional factor(s ) in the soil extract stimulated 
unicell production. It appeared that the soil ex
tract facto r could be used up, for the effect last
ed onl y temporarily, depending on number of 
cells in the inoculum and the amount of soi l ex
tract present. Unicell percentages increase upon 
addition of ammoniu m and an organic carbon 
source tc a defined medium (Table I) (Si ver & 
Trainor, 1981). Nitrogen. as ammonium , was the 
main factor involved in unicell formation. Tem
perature and light regimes were indirectly relat
ed. depending on their involvement with the ni
trogen nutrition (Siver & Trainor, 1981 ). 

Even if the 1-4% ·unicell s' reported by Ga vis 
et al. for UTEX 614 were true unicells , results 
represented in their Fig. I do not show any trend 
towards iacreased unicell production under low 
growth rates. Colony formation and growth con
ditions will be analysed in a later paper. 

In conclusion, Scenedes11111s UT EX 614 does 
not have a unicellul ar stage. In those unicell pro
ducing strains which have been examined in de
ta il to date , nutrition (e .g. presence of ammo
nium , soil extract or phosphate) appears to be 
the most important factor in st imulating forma
tion of unicells . Low growth rates are not in
volved. 

Eventually . we may find a master mecha ni sm 
explaining control of the unicell stage in a ll 
stra ins, but a t present we have a somewhat com
plicated nutritional pictu re. Essential to our being 
abl e to piece together the complete explanation 
a nd understand the mechanisms involved in 
achieving various developmental stages in 
Sce11edes11111s will be the ab ilities of invest i
ga tors to describe accurately all of the morpho
logical expressions of individual strains. 
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