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ABSTRACT

(1} A red alga resembling Audouinella was introduced into culture after collee-
tion from a spring-fed stream. (2) Variation in temperature, light intensity and light-
dark cveles resulted in the production of juvenile gametophytes from the Audouinella-
like filaments. (3) Based on the appearance of the gametophytes, Audouninella-like
filaments were determined to be a chantransia stage of Batrachospermum. (4) Analy-
sis of data from cullure experiments indicaled that conditions in the spring-fed stream
were unsuitable for development of stages other than the chantransia stage. (5) Juve-
nile gametophyte develepment was influcnced by a low nitrate and high phosphate
concentration in combination with a temperature of 11 C, a light inlensity of either
46.4 or 92,9 gEeom ~ 205~ ! and a light-dark regime of 8:16. (6} At 15 C, a temper-
ature higher than that recorded in the stream, gametophyte development oceurred
at a light intensity of 46.4 or 92.9 yEem ~2es~ ! under all light-dark regimes used
(8:16, 12:12. 16:8). {7} I is suggested that maturation of gametophytes was not
observed hecause of an apparcent lack of free carbon dioxide in the stationary cul-
tures. (8) Hair formation on gametophyte pleuridia occurred only in cultures kept
in the same medium for 85 days at 11 C under a light intensily of 46.4 yFem ~2e5~ !
with a light-dark cycle of 8:16. {9) Production of swollen tips on chantransia fila-
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ments {club filaments) was controlled by complex interactions involving tempera-
turc, light intensity and light-dark photoregimes. (10) These club filaments were
most abundant in flasks kept at 15 C and exposed to 16:8 under uny one of three
light intensities (46.4, 92.9 or 185. 8 gEem ~ s~ 1) used, or those at 4, 8. 11 or
15 C under 46.4 yE#m ~2es~1 for 8:16.

INTRODUCTION

Collection of malerial from u fast-flowing strcam in West-Central Illinois re-
vealed a red ulga that morphologically resembled Audouinella vinlacea (Kitz.)
Hamel. This alga remained constant in its appearance on all sampling dates during
a two-year period and has maintained this form in collections made over the last
13 vears. Identification of some species of freshwater red algae. including
Batrachospermum, is complicated by the presence of “chantransia” stages in their
life histories. These stages resemble species of the Audovinella (Rhodochorton-
Acrochuetium) complex {Fritsch, 1953; Prescott, 1978; Woclkerling, 1983). The
objectives of this study were to introduce this alga into culture and examine its life
history.

MATERIALS AND METHODS

The alga was collected from u spring-fed stream located in Wild Cat Springs
Park, Hamilton, Hlinois. It grew attached to rocks, sticks and roots in water flow-
ing from a north-facing limestone cliff. An oak-hickory community formed a dense
canopy over the stream during most of the year. Material was collected and trans-
ported in stream water to Western Illinois University at Macomb. Water tempera-
ture and light intensity were measured at the same site on each sampling trip to
the stream. Light intensity was recorded in microEinsteinsem ~>es~ !
{(uFom ~2e5— 1y with u quantum sensor {LI-190S. Lambda Instruments) and light
meter {I.I-170, Lambda), and temperature with a mercury thermometer. Chemi-
cal analyscs of stream water were done on samples taken at one-week intervals from
20 June to 25 July 1979 using standard methods (APHA, 1976) as modified by the
Hach Company.

Of the many culture media tested, best growth and condition of filaments were
obtained in an alteration {Torres and O’Flaherty, 1976) (Table 1) of Bold’s modi-
fied Bristol's medium (Starr, 1978). This altered Torres-O’Flaherty medium, and
modifications of it, contained 10 mg of GeQy/L to inhibit diatom growth, All experi-
ments were conducted using 20 mL of autoclaved medium conlained in 50-mL erlen-
mever flasks that had been washed in detergent, rinsed seven times with tap water,
once with 3N HCI and then scven times with glass distilled water. Flasks were labeled
and placed in an environmental chamber (I-36L. Percival} and illuminated with
fluorescent lighting {20-watt, cool white, Westinghouse).

In one set of experiments. temperatures of 4. 8. 11 and 15 ¢ werc combined
with light intensities of 46.4. 92.9 and 185.8 yEem ~2ss~ ! and light-dark photore-
gimes of 8:16, 12:12, 16:8 and 24:0. A second series repeated a portion of these experi-
ments with temperatures of 11 and 15 C, light intensilics of 46.4 and 92.9
wEem ~2es~ 1 and light-dark cycles of 8:16, 12:12 and and 16:8. Observations of
the alga from each flusk were made 30 and 40 days after inoculation, Some flasks
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were returned to the environmental chamber and algal material examined again
85 and 130 days after inoculation. A final set of experiments combined three con-
centrations (1.1 x 10-2, 1.1 x 10~ 1 and 1.1 mg/L}) of nitrate {as NaNOg} with
three concentrations (6.0 x 1073, 6.0 x 10-2 and 6.0 x 10~! mg/L) of phos-
phate as KgHPOy, two light intensities (46.4 and 92.9 gF.em ~Zes~ 1) and three light-
dark cveles (8:16, 12:12 and 16:8).

Unsuccessful attempts were made to obtain a pure culture by placing tips from
Audouinella-like filaments in media containing streptomyein {25 mg/L) or actidi-
one (cycloheximide)} {50 mg/L} or both of these antibiotics (Stein, 1979). As a result
of these unsuccessful cfforts, tips, two to three cells in length and free of debris,
were cut from filaments with a sterilized, stainless steel scalpel and placed in test
medium at 11 C under a light intensity of 92.9 pEem ~2es—! for 24 hours. One
mL of a test medium was then withdrawn and used as an inoculum for each flask.
Dark periods were initiated by covering each flask with a 250-mI. beaker painted
with two coats of black enamel. Combinations of factors were cach replicated three
times for each experiment.

Samples were prepared for scanning electron microscopy (SEM) by fixation in
2% glutaraldehyde in 0.2 M sodium cacodylate buffer. Dehydration was done with
a graded ethanol series. Specimens were critical-point dried, mounted on stubs with
double-stick tape and sputter-coated with 20 nM of gold-palladium. Filaments were
examined with a Jeol JMS5-25s TT SEM,

RESULTS AND DISCUSSION

Audouinella-like filaments grew from filament tips used as inocula in all experi-
ments. These {ilaments formed monosporangia and each cell had a spiral, ribbon-
like plastid (Fig. 1) typical for A. violacea {Smith, 1950). In SEM photomicrographs,
cells exhibited striations in their walls (Fig. 2) reported by Garbary {1978) as dis-
tinctive for species of Audouinella.

Juvenile gametophytes (Fig. 3) arose from Audouinella-like filaments cultured
under a number of combinations of conditions {(Table 2). These gametophytes were
structurally those of a species of Batrachospermum (Fritsch, 1959; Yoshida, 1959).
The Audouinella-like filaments were the chantransia stage of Batrachospermum.
Each gametophyte produced rhizoid-like branches from a bhasal, axial cell above
the point of attachment to the chantransia (Fig. 3). Bead-like pleuridia {Aghajanian
and Hommersand, 1980) branched from the main central axis of each gametophyte
{(Fig. 3}. Steps in gametophyte development were not observed, but based on the
appearance of the juveniles, they are assumed to be those described by von Stosch
and Theil (1979).

Gametophytes were most abundant in {lasks at light intensitics of 46.4 and 92.9
uwEeom ~2e5~ ! kept at 15 C under all light-dark photoregimes (Table 2). They did
not develop in cultures grown at 4 or 8 C, or in those under a light intensity of
185.8 uEem ~ 205~ 1. At 11 C, under 46.4 pEem ~?es- 1, they were abundant in
a light-dark cycle of 8:16 and less abundant at 16:8 (Table 2). Gametophytes were
produced at 11 €, under 8:16, 46.4 xEem ~2e5~ 1 a phosphate concentration of
6.0 x 10~ 2 mg/L and nitrate at either 1.1 x 10~ 2 or 1.1 mg/], or with phosphate
at 6.0 x 1073 mg/L and nitrate at 1.1 x 10~! mg/L, At an intensity of 92.9
aEem~2e5-1 and 11 C, gametophytes formed in a nitrate concentration of 1.1






19

is possible that thcse filaments were some developmental stage in the life history
of Butrachospermum. They may have been {ilaments that were inhibited from form-
ing gametophyvtes, A swelling at the tips of branches that eventually produced
gametophytes was reported by von Stosch and Theil (1979).

After the growth periods necessary for the development of this alga. some con-
taminants were found. These contaminants were species ol Chlamydoemonas, Chlo-
rella, Chlorotylium, rarely Cladophora (Chlorophyta), Schizothrix (Cyanophyla)
and Trachelomonas (Euglenophyta).
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Table 1, Concentrations of components of a modification of Bristol’s medium used
in culturing Batrachospermum.

Component!  Concentration {mg/L}
NaNO, 1.5 x 102
CaCly*2H,0 25.0
MgSO4e7TH,0 75.0
K,HPO, 75.0

NaCl 25.0
FeCl;*6H,0 54 x 10-!
H4BO; 6.2 x 10-1
MnCly*4H50 1.4

ZnCls 1.0 x 10-1
CoCly*68H,0 50 x 10-3
CuClg*2H,0 3.4 x 10-5
NasEDTA 3.0

GeOs 10.0

IForty-eight hours after autoclaving, this medium had a pH of 7.1.

Table 2, Gametophyte production in various combinations of environmental

conditions.
Light Intensity Temperature __Light-Dark Photoregimes
(pE'm 25— 1 (C) 8:16 12:12 16:8
46.4 11 + + None +
15 + + + + + +
92.9 11 + + None None
15 + + + + + +

{ + Jindicales thal gametophytes were present in this combination but in low numbers.
{+ +Jindicates that gametophytes were abundant in this combination.
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Tuble 4. Watcr temperatures and light intensities at the water surface of the stream
during 1979, 1980 and 1881,

Date Time of Cloud Temperature  Light Intensity
Day (CST) Conditions {C) _ {eE.m- 2571
1979
16 May 0939 Full Sun 11.0 43.9
20 June 1425 Full Sun 11.0 29.9
27 June 1430 Cloudy 11.0 20.0
4 July 1045 Cloudy 11.0 9.9
25 July 1540 Partly Cloudy 1.5 59.9
1980
21 April 1210 Full Sun 10.5 1980.0 (899.9)!
14 May 1308 Full Sun 10.5 46.0 (259.9)
24 July 1045 Full Sun 12.0 17.9
13 September 1130 Full Sun 14.0 43.9
30 December 1115 Cloudy 13.0 160.0
1981
19 February 1043 . Partly Cloudy 11.0 210.0
12 April 1210 Cloudy 11.0 191.3

'Numbers In parentheses are values obtaited when the canopy allowed full sun to reach the water
surface. (Mher values were obtained when the water surfuce was in full shade.

Table 5. Club filament production in various combinations of environmental

conditions.

Light Tntensity .Temperature ~ Light-Dark Photoregimes
{pE'm 25+ {© 8:16 12:12 16:8 24..0
46.4 4 + + + + + +
8 + + + + + None
11 + + + + + None
15 + + + + + + +
22.9 4 + + + + + + +
8 None None + + None
11 + + None + + None
15 + + + + +
185.8 4 + + None None None
8 + + + + + + +
11 + None None +
15 + + + + None

{ + yindicates the club filanients were present in this combination but in low numbers.

{ + + jindicates the ¢lub filaments were abundant in this combination.









