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The green macroalga, Chaetomorpha linum
(O.F. Muller) Kutzing (Cladophoraceae, Chlor-
ophyta), is widely distributed in the world. It
grows in filamentous clumps, resembling a ball
of fishing line (therefore its common name spa-
ghetti algae or green hair algae). The alga is fast
growing and is not palatable to many herbivo-
rous species. There are some reports about it
being a natural food for the amphipod, Gamma-
rus aequicauda (Cruz-Rivera and Hay 2001;
Prato et al. 2006), and gastropod,Haminoea cal-
lidegenita (Gibson and Chia 1989). It is a thin-
structured bloom forming macroalga that often
dominates shallow eutrophic estuaries and some-
times forms algal mats (green tide) that play an
important role in the ecological processes (Bach-
mann and Odum 1960; Lavery and McComb
1991; Rysgaard et al. 1995; Krause-Jensen
et al. 1996; McGlathery et al. 1996, 1997;
Krause-Jensen and Christensen 1999; McGlath-
ery and Pedersen 1999; Pranovi et al. 2000; Me-
nendez et al. 2002; Menendez 2005).

The alga is used as food, animal feed, and fer-
tilizer (Sajid and Satam 2003; Dhargalkar and
Pereira 2005). In recent years, it has become
a valuable species in the cosmetics, pharmaceu-
tical, and aquarium industry. Its polysaccharides
extract can be used as a moist-holding constitu-
ent in cosmetics; some large molecules, such as
euphol and cumylphenol, have therapeutic prop-
erties and become natural alternative to the
chemical-base cosmetics (Dhargalkar and Pereira
2005). In addition, its other extracts have antiher-
petic, antitumoral and antiviral effects and show

pharmaceutical potential (Aliya and Shameel
1999; Shi et al. 2005). It is a popular choice for
providing habitat and refugium and improving
water quality in the marine aquariums because
the alga is stable and fast growing (Lavery and
McComb 1991). However, there is little report
about the basic biological research on the species.
In this study, we tested effects of the most impor-
tant environmental factors affecting algal growth:
water temperature, salinity, and light intensity on
the growth rate of the alga, C. linum.

Materials and Methods

The green macroalga,C. linum, for the labora-
tory experiment was originally collected from
Long Island Sound, USA. The healthy algal thalli
were selected, their epiphyte removed, and then
transferred into a tank (1.5 3 0.5 3 0.5 m),
with flowing sand-filtered seawater (35&) at
the Vero Beach Marine Laboratory, Florida,
USA, in May 2007. The temperature was kept
at 25–26 C. No nutrients were added.

Batch culture was used to investigate the ef-
fects of temperature, salinity, and light intensity
on the growth of the alga. Three experiments
were conducted. For each experiment, triplicate
1-L flasks were used for each level of each fac-
tor. Each flask had 800 mL f/2 culture media A
and B (Aquatic Eco-Systems Inc., Apopka, FL,
USA) and 0.5508 6 0.0106 g (wet weight) fresh
alga in the beginning of the experiment. We
added 2 mL of 2.0 mmol/L NaHCO3 (final con-
centration was 5.0 mmol/L) into each flask to
avoid carbon limitation. Each flask was agitated
four to six times every day during the experiment.
Except for the tested factor, the general culture1 Corresponding author.
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conditions were temperature of 25 C, salinity of
35&, and light intensity of 80 mmol/m2/sec with
12:12-h light : dark cycle. The alga of each flask
was weighed again at the end of the experiment.
Water temperature was controlled by electrical
heaters. Distilled water and artificial salt were
used to adjust tested salinity levels. Light inten-
sity was measured by the light meter (LI-250A;
LI-COR Biosciences, Lincoln, NE, USA) and
black net was used to adjust light intensity. Daily
specific growth rates (SGRs) were calculated for
each treatment using the formula: SGR (%/d) 5
[(Wt/W0)(1/t) � 1]100, whereW0 is the initial wet
weight (g) andWt (g) is the wet weight at the end
of the trial; t is time (experimental days).

In the first experiment, effects of temperature,
salinity, and light intensity were tested sepa-
rately. This experiment was lasted 8 d. There
were 6 temperature (25, 28, 30, 32, 35, and
40 C), 10 salinity (0, 5, 10, 15, 20, 25, 30, 35,
40, and 45&), and 6 light intensity (20, 40,
60, 80, 100, and 120 mmol/m2/sec) levels. The
significance among the unifactor trial was ana-
lyzed by one-way ANOVAs with significances
set at P , 0.05. The significance between two
trails was compared by t test.

Based on the results of the above single-factor
trials, we selected four levels of temperature (25,
28, 30, and 32 C), six levels of salinity (20, 25,
30, 35, 40, and 45&), and four levels of light
intensity (60, 80, 100, and 120 mmol/m2/sec) that
resulted in good growth of C. linum for further
testing. Twelve combinations of selected temper-
ature, salinity, and light intensity levels, based on
the uniform design (Fang 1994; Fang et al. 2000),
were used to test the effects of these three factors
and their interactions on the algal growth (Table 1).
This experiment was lasted 14 d. SGRs were
calculated for the 12 treatments (combinations).

An uniform design stepwise regression analy-
sis software package SPSS 10.0 (SPSS, Chicago,
IL, USA) was used to calculate the relationship
between the SGR and the three factors (tempera-
ture, salinity, and light intensity), and then, the
optimum selection analysis was used to predict
the highest SGR that can be obtained under the
optimal combination of the three factors (Fang
1994; Fang et al. 2000). According to the calcula-
tion (see the Results section), SGR of 8.04%/

d can be obtained from the combination of tem-
perature at 25.5 C, salinity at 31.4&, and light
intensity at 88.5 mmol/m2/sec.

A 2-wk trial was then conducted to compare
the SGRs of the alga grown under the predicted
optimal conditions (25.5 C, 31.4&, and 88.5
mmol/m2/sec) and under the combination of
the optimal single-factor levels (28 C, 30&,
and 80 mmol/m2/sec). SGRs were calculated
for both treatments and compared using the
Student’s t test.

Results

Among the six temperature levels tested, the
SGRs of C. linum during the 8-d study period
at 25 C (7.76%/d) and 28 C (7.90%/d) were
significantly higher than that of the other tem-
perature levels (Fig. 1). However, there was no
significant difference between 25 and 28 C treat-
ments (P . 0.05). In the 30 and 32 C treatments,
the alga grew fast in the beginning, then its
growth rate slowed down. The algal grew very
slow at 35 C and some thalli turned white and
died at the end of the trial. In the 40 C treatment,
C. linum died throughout the trial.

In the salinity range of 0–45&, the alga died
at levels ,15& (Fig. 1). The highest SGR was
5.66%/d over the 8-d study period at 30&,
although it is not significantly different from
that at 35& (P . 0.05), it is significantly
(P , 0.05) higher than that of the other levels.
At the treatments of 15, 20, 40, and 45&, the
thalli strongly curled and some black spots were
found on them, indicating salt stress.

Between the light intensity range of 20–
120 mmol/m2/sec, the SGR of C. linum was
7.07%/d at 80 mmol/m2/sec and were similarly
(P . 0.05) high among the 60, 80, 100, and
120 mmol/m2/sec (Fig. 1). In addition to lower
growth rates (Fig. 1), the algal thalli also
showed strong curling at the lower light inten-
sity treatments of 20 and 40 mmol/m2/sec. On
the other hand, black spots appeared on the algal
thalli at the high light intensity treatments.

The 12 combinations of temperature, salinity,
and light intensity levels resulted in the aver-
age SGRs ranging from �0.53 to 7.52%/d
(Table 1). The two highest and statistically
similar (P . 0.05) SGRs, 7.52 6 0.08%/d and
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7.41 6 0.09%/d, were obtained at 28 C, 25&,
and 120 mmol/m2/sec and 25 C, 30&, and
120 mmol/m2/sec, respectively.

Based on the uniform design regression anal-
ysis, the relationship between the SGR and the
three factors (temperature [T], salinity [S], and
light intensity [L]) can be expressed as:

SGR¼�268:47615:723S�0:304L11:716310�3L2

�0:215T2�4:22310�2S2�0:105ST:

df 5 7, F 5 13.397, P , 0.05; ST indicates
that there is an interaction between salinity (S)
and temperature (T).

TABLE 1. Specific growth rate of the green alga, Chaetomorpha linum, under different combinations of temperature,

salinity, and light intensity levels based on the uniform design. Negative growth rate indicates mortality.

Combination
number

Temperature
(C)

Salinity
(&)

Light intensity
(mmol/m2/sec)

Specific growth
rate (%/d)

1 30 20 120 0.5606 ± 0.0355

2 28 25 120 7.5209 ± 0.0832

3 25 30 120 7.4147 ± 0.0941

4 32 35 100 �0.4872 ± 0.0405

5 28 40 100 5.4354 ± 0.0634

6 25 45 100 5.1636 ± 0.0598

7 32 20 80 �0.5320 ± 0.0609

8 30 25 80 2.6401 ± 0.0225

9 25 30 80 6.3971 ± 0.0621

10 32 35 60 0.9593 ± 0.0032

11 30 40 60 1.4755 ± 0.0056

12 28 45 60 2.9954 ± 0.0169
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FIGURE 1. Effects of temperature, salinity, and light intensity on specific growth rates of the green alga, Chaetomorpha

linum. Negative growth rate indicates mortality.
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Results of the optimum selection analysis on
the regression show that the predicted best SGR
of 8.04%/d could be obtained from the combina-
tion of temperature at 25.5 C, salinity at 31.4&,
and light intensity at 88.5 mmol/m2/sec. Actual
SGR obtained under this condition during the
2-wk study was 7.66%/d, slightly lower than
the predicted best value of 8.04%/d, but signifi-
cantly (P , 0.05) higher than that (7.04%/d) ob-
tained under the combination of the optimal
single-factor levels (28 C, 30&, and 80 mmol/
m2/sec).

Discussion

Ideally, factorial experiments should be used to
examine the effects of combination of factors
(each with multiple levels) and their interactions
on the growth of the alga. Unfortunately, factorial
design often requires a large number of experi-
mental units that is difficult, if not impossible, to
accommodate. Fang (1994) and Fang et al.
(2000) proposed a ‘‘space-filling’’ experimental
design, the uniform design, in which a subset of
combinational levels of the factors that are uni-
formly scattered on the experimental domain are
selected and tested. Then, a regression analysis,
based on the results of the uniform design, is used
to predict the optimal combinations of factor lev-
els and the resultant outcome. In the present study,
to execute a factorial study on the effects of four
levels of temperature, six levels of salinity and
four levels of light intensity and temperature with
three replicates for each level of each factor, a total
of 96 trials (6 3 4 3 4), with 288 (96 3 3) rep-
licate flasks, have to be conducted. By using the
uniform design, only 12 trials (36 flasks) are
needed. Moreover, the uniform design is easily
for adding another trial factor. In my study, there
is a disagreement between predicted result and
actual result, probably restrained by other factors,
such as micronutrient and algal physiological sta-
tus. More factors are added in the experiment, the
attained results are closer to the predicted. During
the process, the trail times does not augment
too much, which is decided according to factorial
levels.

The green macroalga, C. linum, is an opportu-
nistic species that distributed widely in the world
(McGlathery et al. 1997;McGlathery and Pedersen

1999; Pranovi et al. 2000). Krause-Jensen and
Christensen (1999) used temperature of 18–
20 C, salinity of 14–17&, and light intensity
of 110 mmol/m2/sec in the laboratory to measure
oxygen and nutrient concentrations within
undisturbed mats of C. linum collected at Funen,
Denmark. In another experiment, Krause-Jensen
et al. (1996) used similar conditions of 18–21 C,
17&, and 120 mmol/m2/sec to investigate the
relationship between light and nutrient avail-
ability in the species. Menendez et al. (2002)
investigated the effect of N and P supply on
growth and nutrient content of C. linum at
20–22 C and 400 mmol/m2/sec in the labora-
tory and in a Mediterranean coastal lagoon. In
the laboratory, McGlathery et al. (1996) and
McGlathery and Pedersen (1999) measured
the uptake and assimilation of NH1

4 and NH�
3

and analyzed the effect of irradiance on car-
bon and nitrogen metabolism in C. linum that
were collected from Roskilde Fjord, Denmark,
under the laboratory conditions of 15–16 C
and 100 mmol/m2/sec (low-light treatment) or
300 mmol/m2/sec (high-light treatment). Within
the ranges tested in the present study, the algal
growth rate in general increased with increasing
salinity and light intensity but with decreas-
ing temperature. There is a clear interaction
between temperature and salinity (Fig. 1). How-
ever, the growth rates of alga were similar
between 60 and 120 mmol/m2/sec (Fig. 1). It in-
dicates the alga is not sensitive to light intensity
and shows that it can be easily acclimated. The
relationship implied between light intensity and
other factors (temperature and salinity) is loose,
which are showed that there were no interac-
tions for temperature and light intensity, salinity,
and light intensity in the regression formula.
Overall, C. linum grew similarly fast inside
small flasks under broad ranges of combinations
of temperature (25–30 C), salinity (25–35&),
and light intensity (60–120 mmol/m2/sec). This
suggests that the species can well adapt to the
aquarium environment. It has become a popular
choice for habitat and nutrient remover among
the advanced aquarists in USA. Future studies
may investigate the ability of the alga to remove
harmful inorganic nutrients such as N and P pro-
duced by aquarium animals.
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