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ABSTRACT
Scleractinian corals are important because they are the foundation species that build coral
reefs, but they are in decline worldwide. The sea anemone Aiptasia pallida is a possible model
system for studying the nutrition of reef-building corals because both have the same algal
symbionts (Symbiodinium spp.). The relative importance of exogenous nutrition (NX) versus
symbiont-derived nutrition (Ns) for A. pallida is largely unknown. When stressed, both anemones and corals bleach (expel symbionts) and have to rely solely on NX. I measured changes in
wet mass after 60 days for anemones divided into four treatments that manipulated the presence
and absence of NX and Ns. The treatments were: symbionts present and food provided (S+/F+),
symbionts absent, but food provided (S-/F+), symbionts present, but no food provided (S+/F-),
and neither symbionts present nor food provided (S-/F-). TetraMin flake food was used for exogenous food. Anemones were rendered aposymbiotic using a combination of cold shocks and
treatments with a photosynthesis-inhibiting compound, and subsequently maintained in darkness. Anemones with S+/F+ gained significantly more mass than other treatments (p<0.001).
All other treatments lost mass and there were no significant differences among them. Under
the experimental conditions used in this study, A. pallida needed both NX and Ns to grow, suggesting that some component of each nutritional source is necessary for the health of this sea
anemone.

S

ymbiotic relationships are ubiquitous in
nature and can be classified into three
sub-categories: mutualism, parasitism, and
commensalism. These sub-categories are
complex and many change over time on a
continuum from parasitism to mutualism depending on environmental conditions, and
possible interactions among host and symbiont genotypes (Muller-Parker et al., 1990;
Neuhauser & Fargione, 2004; Thrall et al.,
2007; Lesser et al., 2013).
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1.1 Symbiosis
Symbiotic relationships often involve adaptations that enable the success of the association (Furla et al., 2005). In cnidarian (e.g.
corals, jellyfish, and sea anemones) symbiotic relationships with algae, the association
can be facultative or obligate and usually
consists of the transfer of nutritionally useful compounds (photosynthetically-derived
carbon and metabolic waste products) from
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one partner to the other (Muller-Parker &
Davy, 2001; Buhl-Mortensen & Mortensen,
2004; Burriesci et al., 2012). The stability of
symbiotic relationships between cnidarians
and their algal symbionts are under threat
by anthropogenic and climate-related factors
(Hoegh-Guldberg et al., 2007; Lesser et al.,
2013). Global climate change (e.g., changes
in sea surface temperature and ocean acidification), disease, and other negative influences (e.g., pollution and sedimentation)
may cause the host to expel its symbionts
(Burriesci et al., 2012).
Reef-building coral symbioses are the
best-known example of marine symbioses
and contribute to the importance of coral
reefs in global marine health and to the ability of coral reefs to provide a range of ecological services. These services include food,
recreation, coastal protection, habitat, and
nutrient cycling (Moberg & Folke, 1999).
Unfortunately, corals are difficult to study
in the lab because they grow and reproduce
slowly and they have an endoskeleton. The
calcareous endoskeleton makes it difficult
to measure their tissue mass and even more
difficult to maintain the animal, because of
the requirements for very specific seawater
chemistry (Lehnert et al., 2012). In addition,
regulations restricting coral collection and
manipulation make it difficult to study corals in the laboratory and field (Lehnert et al.,
2012).

bleaching include increased light intensity,
decreased pH, changes in seawater temperature and chemistry, and pollution. However,
the conditions under which bleaching occurs
is a species-specific phenomenon (Gates et
al., 1992; Edmunds, 1994; Fitt et al., 2001).
In some cases, bleaching may lead to death of
the host due to starvation, although in other
cases, recovery of the host is possible through
increased heterotrophic feeding or reinfection with symbionts (Steen, 1987; McAuley
& Cook, 1994; Anthony & Fabricius, 2000;
Fitt & Cook, 2001; Knowlton, 2001; Borell
et al., 2008). Coral growth, and therefore reef
formation, is dependent upon nutrition provided by zooxanthellae (Muscatine, 1967;
Muscatine & Cernichiare, 1969; Burriesci et
al., 2012; Lehnert et al., 2014).
After a bleaching event, the host must find
additional sources of exogenous nutrition
(NX) to compensate for the loss of symbiontderived nutrition (Ns). Anemones such as
Anthopleura elegantissima and Aiptasia pallida have the ability to derive 100% of their
daily nutritional needs from NX and use the
symbiotic association to compensate for the
ATP required to capture food (Engebretson
& Muller-Parker, 1999; Bergschneider &
Muller-Parker, 2008; Weis et al., 2008;
Lehnert et al., 2012). Other organisms, like
corals, can increase heterotrophic feeding
efforts when Ns is inadequate (Anthony &
Fabricius, 2000; Ferrier-Pagès et al., 2010;
Hoogenboom et al., 2010).

1.2 The Bleaching Response
The
cnidarian-zooxanthellae
symbiotic relationship undergoes a phenomenon
called bleaching (Davy et al., 2012). This
phenomenon is becoming more prevalent
on coral reefs world-wide as environmental conditions become increasingly stressful
(Hoegh-Guldberg, 1999). Bleaching is the
process in which corals eject their symbionts
or their symbionts cease to synthesize their
photosynthetic pigments due to environmental, chemical, or physical stressors (Gates
et al., 1992; Brown & Ogden, 1993; Glynn,
1996; Weis et al., 2008). Factors that cause
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1.3 The Sea Anemone Aiptasia and The
Dinoflagellate Symbiodinium
Sea anemone species in the genus Aiptasia
are found worldwide in temperate and tropical waters (Sunagawa et al., 2009; Leal et
al., 2012). The temperate species A. pallida
(Agassiz in Verrill, 1864) and Symbiodinium
(see Figure 1) engage in a symbiosis that is
similar to corals and their Symbiodinium.
A. pallida are mixotrophs, feeding on microplankton from the water column and receiving photosynthate from Symbiodinium
(Muscatine, 1967; Muscatine & Cernichiare,
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Figure 1. Tentacle squash from temperate symbiotic sea anemone Anthopleura elegantissima
at 40x power oil immersion under differential interference contrast microscope. Symbiodinium
are the golden-brown circles. Although this is not the genus of sea anemone in this study, the
Symbiodinium are similar. Dinoflagellate species assigned to Symbiodinium are found worldwide in temperate and tropical waters as both endosymbionts and as free-living microalgae
(Lajeunesse & Trench, 2000). The dominant vegetative form is a single, spherical or broadly
ellipsoidal pigmented cell ranging from 5 – 15 µm in diameter (Freudenthal, 1962). A motile
phase is present, but only when the alga is free-living. Scale bar is 10 µm.
1969; Muscatine, 1980a; Burriesci et al.,
2012). Compared to most corals, A. pallida
survives under a wider array of conditions in
the lab and field, grows and reproduces rapidly, and is easy to collect and manipulate,
making this anemone and its symbionts an
ideal model system for studying the ecology
and physiology of reef-building corals (Weis
et al., 2008).
The relationship between A. pallida and
Symbiodinium boosts the overall fitness of the
anemone when compared to aposymbiotic individuals (Fitt & Pardy, 1981). Previous studies indicate that starved symbiotic A. pallida
use zooxanthellae-derived photosynthate to
fulfill their daily nutritional needs whereas
starved aposymbiotic anemones use hostderived lipids to fulfill their daily nutritional
needs (Muscatine, 1961; Fitt & Pardy, 1981).
Reliance on host-derived lipids contributes to
an increased rate of mass loss when compared
to starved symbiotic anemones (Muscatine,
1961; Fitt & Pardy, 1981).
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1.4 The Symbiotic Relationship Between
Aiptasia and Symbiodinium
The symbiosis between cnidarians and
Symbiodinium is highly specific. Anemones,
for example, may initially take up many
clades of Symbiodinium, but preferential
clades outcompete others over time (BeldaBaillie et al., 2002). Even when there is
not competition among clades within hosts,
some anemones are unable to host particular
Symbiodinium clades; this incompatibility is
reportedly caused by the inability of the host
and symbiont to recognize each other (BeldaBaillie et al., 2002). The symbiosis between
A. pallida and Symbiodinium is facultative
and not required for the survival of the host.
Symbionts inhabit a host-derived vacuole
called a symbiosome that is located within
gastrodermal cells of the host (Wakefield et
al., 2000; Kazandjian et al., 2008). The symbiosome protects the algal cell and enables
the transfer of inorganic nutrients from host
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to symbiont and organic nutrition from symbiont to host (Rahav et al., 1989; Cook et al.,
1992; Yellowlees et al., 2008; Davy et al.,
2012; Detournay et al., 2012). The host derives these inorganic nutrients from metabolic
by-products and dissolved particles from
the surrounding environment (Muscatine,
1980b; Szmant-Froelich & Pilson, 1984;
Steen, 1986). In turn, Symbiodinium can provide the host with up to 95% of their photosynthate which can account for 100% of the
hosts daily carbon needs depending upon the
season, symbiont, and host (Davies, 1984;
Falkowski et al., 1984; Muscatine et al.,
1984; Davies, 1991; Phillips & Gregg, 2003).
1.5 Purpose and Predictions
Understanding the roles of NX and Ns in
overall host nutrition may allow scientists to
better understand how corals and other mixotrophic symbiotic organisms respond to the
loss of one or both sources of nutrition. The
purpose of this study was to investigate the
importance of NX and Ns for A. pallida by
measuring changes in wet mass under different feeding regimes in combination with
different states of symbiosis under laboratory
conditions. I predicted that anemones with
symbionts present and food provided (S+/
F+) would gain the most mass and this treatment served as the positive control in this
experiment because both nutrition sources
are available to the anemone. The treatment
containing symbionts absent, but food provided (S-/F+) would grow a small amount or
show no change in mass. If A. pallida was
able to derive 100% of its daily nutritional
needs from NX then the anemone mass would
remain the same but, if the anemone was able
to derive more than 100% of its daily nutritional needs from NX then the anemone mass
would increase. Anemones with symbionts
present, but no food provided (S+/F-) would
lose some mass because the symbionts would
be unable to produce enough photosynthate
to sustain both themselves and the anemone.
In other words, the symbionts would provide
the anemone with less than 100% of the daily
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nutritional needs of the anemone. The anemones with neither symbionts present nor food
provided (S-/F-) would lose the most mass;
this treatment served as the negative control
because anemones would get no nutritional
input.
Materials and Methods
2.1. Animal Collection and Maintenance
A. pallida in association with
Symbiodinium were collected from floating docks at Sea Path Marina, Wrightsville
Beach, North Carolina (34º 12’ 46.436” N,
77º 48’ 20.283” W), during January 2014
and September 2014. Anemones were maintained in an aquarium in filtered (5 µm) and
UV treated natural seawater (FUVSW) at 25
- 32 psu at room temperature for a minimum
of two weeks until acclimated. During this
time anemones were fed crushed TetraMin
Tropical Flake (Tetra GMBH, Melle,
Germany) fish food three times per week.
One hundred and fifty 15 mm x 60 mm
plastic petri dishes were numbered and three
- 1/8” holes were drilled into each petri dish
to allow water flow through them. Each petri
dish was initially weighed on a Mettler Toledo
AJ100 Analytical Balance (Mettler-Toledo,
Columbus, OH), and conditioned by soaking them in freshwater for 10 hrs, and then in
FUVSW overnight to remove any chemical
residue. One hundred and fifty medium-sized
(>1 cm oral disk diameter) to large-sized (>2
cm oral disk diameter) A. pallida were individually placed onto conditioned petri dishes.
Anemones that were selected for experimental treatment ranged in size from 0.06 to 1.11
g wet mass (x̅ ± SE=0.26 ± 0.03 g, n=86).
The petri dishes and anemones were placed
into shallow trays of FUVSW for up to 12 hrs
to allow anemones to attach. Once attached,
the anemones were placed in a maintenance
aquarium and starved for one week before
starting the experiment.
2.2. Preparation of Experimental Chambers
and Incubator Set-up
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Experimental chambers consisted of 300
- 450 mL beakers. Fifty beakers were completely wrapped with black vinyl electrical
tape to exclude light. A Precision Scientific
low temperature illuminated incubator 818
(Jouan; Winchester, VA) was used to maintain temperature (23ºC), photosynthetically
active radiation (PAR), and photoperiod
(12:12 h light:dark cycle) during the course
of the experiments. A Coralife Trichromatic
6500K/Full Spectrum (Coralife, Franklin,
WI) and a GE Plant & Aquarium Wide
Spectrum (General Electric, Cleveland, OH)
light were attached to the door of the incubator to provide PAR. The PAR was measured using a LiCor LI-193SA Underwater
Spherical Quantum Sensor attached to a
LiCor LI-1400 data logger (Lincoln, NE).
The PAR underwater inside the dark beaker
measured 0.02 µmol m-2 sec-1 PAR and underwater inside the light beaker measured
61.91 µmol m-2 sec-1 PAR (average of two
5-second averages).
2.3. Artificial Bleaching and Maintenance of
Aposymbiotic Anemones
Fifty symbiotic anemones were randomly
chosen from the petri dish plated anemones and placed into the dark beakers. These
anemones were maintained for several days
in the incubator and FUVSW was chilled to
4 ºC in another incubator (Burriesci et al.,
2012; Lehnert et al., 2012). Approximately
150 mL of 4 ºC FUVSW was placed into each
beaker and the anemones were cold shocked
in the dark for 4 hours (Lehnert et al., 2012).
This process was repeated two more times
over the course of 2 weeks.
To speed up the process and ensure that anemones were aposymbiotic, the photosynthesis inhibitor Diuron
[3-(3,4-dichlorophenyl)-1,1-dimethylurea]
(DCMU; Sigma-Aldrich, St. Louis, MO)
was added and the cold shocks were repeated
an additional seven times over the course of
seven weeks (ten total cold shocks). 0.0313
M DCMU (0.73 g of powder DCMU was
dissolved into 100 mL of 100% ethanol) was
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diluted to a final concentration of 50 µM with
4 ºC MSFW. (Burriesci et al., 2012; Lehnert
et al., 2012).
2.4. Cleaning and Feeding Protocol
Anemone beakers were cleaned five days
per week (Sun, M, W, F, Sat). The petri
dishes were cleaned with a cotton Q-tip to
remove any food particles or algal growth. A
turkey baster was used to rinse the petri dish
with FUVSW and the petri dish was returned
to the beaker.
After the beakers were cleaned, the anemones were fed. During experimentation, food
was prepared from TetraMin Large Tropical
Flake fish food. Food was standardized in
size by making round flakes (6 mm diameter) using a hand-held paper hole punch
to produce food discs. The total area of 51
food discs was calculated from digital images of them using the image analysis program ImageJ v2.00-rc-19. The average area
of each food disc was 0.33 cm2 (±0.01 SE,
n=51). Anemones were fed one food disc five
days per week for 60 days. Anemone feeding
was observed until the food disc was fully ingested (Fig. 2).
2.5. Estimation and
Zooxanthellae Density

Quantification

of

Two methods were used to estimate the
density of zooxanthellae and therefore the
symbiotic state of anemones during and at
the end of the experiment. During the experiment an estimation of zooxanthellae density
per tentacle was examined for all anemones,
which were observed under a dissecting microscope. Additionally, before and after cold
shocks, and four times during the experimental period (days 15, 30, 45, and 60) an estimation of zooxanthellae density per unit tentacle
slurry was quantified for five representative
anemones using a haemocytometer. Scissors
were used to clip a tentacle from the specified
individuals in the aposymbiotic treatments.
Tentacle clipping does not significantly effect the weight of the anemones, and is a
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Figure 2. Time lapse pictures of Aiptasia pallida eating a TetraMin food disc.
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Figure 3. Variations in final dry mass versus final wet mass in polyps of the anemone
Aiptasia pallida from Wrightsville Beach, North Carolina, USA (n=20; y=15.75x + 0.03;
R2=0.88; p<0.001).
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non-lethal and repeatable method to measure
zooxanthellae densities (Levitis & Goldstein,
2013). Each tentacle was crushed with a pair
of forceps in a 1.5 mL microcentrifuge tube
in 0.1 mL of MSFW. Three subsamples of the
resulting slurry were counted on a BrightLine haemocytometer (Sigma, St. Louis,
MO) and an Olympus 100 compound microscope (40x objective; Japan). Anemones
were considered to be aposymbiotic when
the average number of Symbiodinium cells
per 0.1 mm3 tentacle slurry was ≤ 20 cells.

different treatments. The Tukey Honest
Significant Difference (HSD) statistical test
at the 5% family-wise error rate was used to
determine which means were significantly
different. RStudio v0.98.977 was used for the
paired t-test, ANOVA analysis and the Tukey
(HSD) multiple comparisons of means statistical test.

2.6. Massing Protocol

The wet mass of the anemones and the dry
mass of the anemones were positively correlated (n=20, R2=0.88, p<0.001; see Figure 3).

The wet mass of the anemones was measured on day 0 and day 60 of experimental
treatment using a standardized protocol. The
petri dish and anemone were removed from
the beaker and blotted dry, then the anemone
was touched with a pair of forceps, causing
it to expel most of the water that was held
within its gastrovascular cavity. The petri
dish and anemone was then weighed on a
Mettler Toledo AJ100 Analytical Balance.
After the experiment was complete, anemones were frozen, freeze-dried, and weighed
in the same manner to determine dry mass.
Twenty anemones were randomly selected to
determine the variation in dry and wet mass.
The final wet mass was plotted against the
dry mass of the corresponding individual and
a line of best fit was plotted to determine the
R2 value, and linear equation (Fig 3).
2.7. Statistical Analyses
All data were entered into Microsoft Excel,
which was used to calculate Symbiodinium
per unit tentacle slurry, mass change of the
anemones, and percentage mass change. A
paired two-tail t-test at the alpha = 0.05 significance level was used to determine if there
was any difference in the starting mass of
the anemones before (symbiotic) and after
(aposymbiotic) cold shock treatments. The
ANOVA analysis was used to determine if
there was a significant difference in the mean
percentage mass change of anemones among
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Results
3.1 Accuracy of Wet Mass Measurements

3.2 Artificial Bleaching and its Effect on
Anemone Mass
There was a significant (p<0.001) difference in the average wet mass of the anemones (n=41) before and after the artificial
bleaching treatments (t=8.08; d.f.=40). The
maximum initial wet mass of anemones was
0.32 g and the maximum final wet mass of
the anemones was 0.23 g. The minimum initial wet mass of the anemones was 0.06 g and
the minimum final wet mass of the anemones was 0.02 g. Two anemones experienced
positive growth (+0.01 g) during the artificial bleaching, but this positive increase in
mass is likely due to error by the scale. All
other anemones lost mass during the artificial
bleaching treatments.
A single tentacle was clipped from five
anemones before and during the artificial
bleaching treatments to track the expulsion
of zooxanthellae and to determine the density of zooxanthellae in the anemones. By the
end of the artificial bleaching treatment, all
anemones were aposymbiotic according to
the minimum zooxanthellae density threshold (<20 cells per 0.1 mm3 anemone tissue
slurry). Anemones continued to be aposymbiotic throughout the experiment and at the
end, zooxanthellae density counts were zero
cells per 0.1 mm3 anemone tissue slurry (Fig.
4).
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3.3 Effect of Feeding Regime on Anemone
Mass
There was a significant (p<0.001) difference in the average change of mass of the
anemones among all treatments (see Table
1). The Tukey (HSD) test indicated that
there was a significant (p<0.001) difference
between the average change of mass of the
anemones in the S+/F+ treatment and all
other treatments. There was not a significant
difference between the average changes of
mass of the anemones in any of the other
treatments though (see Table 2).
The anemones in the S+/F+ treatment on
average gained mass. The average percentage change in mass over 60 days was 57.96%
increase (± 12.52 SE; see Figure 5). The
maximum percentage change over 60 days
was 238.29% increase and the minimum was
34.99% decrease. The anemones in the S-/F+
treatment on average lost mass. The average
percentage change in mass over 60 days was
35.85% decrease (± 16.74 SE; see Figure 5).
The maximum percentage change over 60
days was 246.90% increase and the minimum was 91.51% decrease. The anemones
in the S+/F- treatment on average lost mass.
The average percentage change in mass over
60 days was 62.75% decrease (± 4.17 SE;
see Figure 5). The maximum percentage
change over 60 days was 20.24% decrease
and the minimum was 90.70% decrease. The
anemones in the S-/F+ treatment on average
lost mass. The average percentage change in
mass over 60 days was 67.00% decrease (±
5.22 SE; see Figure 5). The maximum percentage change over 60 days was 0.90% increase and the minimum was 100% decrease.
Discussion
Climate change will affect food availability for planktivores, such as Aiptasia, due to
changes in the timing of plankton blooms,
changes in reproductive efforts of the plankton community, and community shifts within
these plankton blooms (Walther et al., 2002).
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Additionally, climate change is likely to affect the way that Aiptasia interacts with
its symbiotic microalgae, Symbiodinium,
thereby changing the trophic interaction between the two organisms (Fitt & Cook, 2001;
Borell et al., 2008; Ferrier-Pagès et al., 2010).
These changes may lead to a lack of food and
increased stress for Aiptasia and other symbiotic planktivores. Therefore, it is important to
study how changes in heterotrophic and photoautotrophic feeding will affect Aiptasia and
its symbionts, a relationship used as a model
system for other symbiotic planktivores such
as corals. The findings of this experiment
show that changing nutrition availability for
Aiptasia with and without symbionts is likely
to affect the relationship and the host in a
negative way.
A. pallida with S+/F- lost a significant
amount of mass when compared to A. pallida
with S+/F+. A. pallida with S+/F+ showed
a significant increase in mass over 60 days
compared to the other three treatments. These
results suggest that photosynthate provided
by zooxanthellae in A. pallida under the
experimental conditions used in this study
are unable to provide sufficient nutrition
(<100%) to maintain anemone mass or allow
for growth.
Under natural conditions, all non-symbiotic and some symbiotic corals and anemones such as Anthopleura elegantissima and
A. pallida are able to survive solely on heterotrophic feeding (Engebretson & MullerParker, 1999; Bergschneider & MullerParker, 2008). The results of this study
suggest that the exogenous food used in this
study is an inadequate source of nutrition
for A. pallida when it is the sole source of
nutrition. Anemones with S-/F+ lost a significant amount of mass when compared to
anemones with S+/F+. This is an interesting
result because aposymbiotic A. pallida have
been found in nature, indicating that there is
enough exogenous food for them to maintain
themselves at a minimum.
All photosynthetic organisms have an optimal lighting intensity at which they photosynthesize maximally. Muller-Parker (1984)
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Fig 4. Graph of the effect of cold shocks on the average densities of Symbiodinium within
Aiptasia pallida tentacles (n=5). When the representative anemones had average Symbiodinium
densities below 20 cells per 0.1 mm3 tentacle slurry, they were considered aposymbiotic.
Snowflakes indicate cold shock and snowflakes with chemical symbols indicate cold shock
with DCMU (CS = cold shock; DCMU/CS = DCMU cold shock).
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Fig 5. Graph of average 60 day percentage change of wet mass between the four treatment
groups. Error bars are standard error.

Table 1. ANOVA statistics from the means of the change in mass over 60 days of the four treatment groups in the experiment.

Source
Treatment
Residuals

D.F.
3
82

Sum	
  sq
238710
208253

Mean	
  Sq
79570
2540

F	
  value
31.33

Pr	
  (>F)
1.36E-‐13

Table 2. Tukey HSD stats from the comparison of multiple mean percentage change in mass
after 60 days of treatment in four experimental groups. Adjusted p-values are tested at the alpha
= 0.05 significance level.

Source
Dark	
  starved	
  -‐	
  Dark	
  fed
Light	
  fed	
  -‐	
  Dark	
  fed
Light	
  starved	
  -‐	
  Dark	
  fed
Light	
  fed	
  -‐	
  Dark	
  starved
Light	
  starved	
  -‐	
  Dark	
  starved
Light	
  starved	
  -‐	
  Light	
  fed

10

Difference	
  of	
  
mean
-‐30.15
93.81
-‐26.91
123.95
3.24
-‐120.71

Lower	
  difference	
   Upper	
  difference	
  
of	
  mean
of	
  mean
-‐72.49
12.19
53.58
134.03
-‐68.30
14.48
84.31
163.60
-‐37.59
44.07
-‐159.35
-‐82.08

Adjusted+p7
value
0.25
<0.001
0.33
<0.001
>0.99
<0.001
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found that zooxanthellae in association with
A. pulchella have a maximum photosynthetic
efficiency around 500 µE m-2 sec-1 PAR. In
this study the symbiotic anemones were provided with 61 µmol m-2 sec-1 PAR (1 µE m-2
sec-1 = 1 µmol m-2 sec-1), which is well below
the optimal light intensity for maximal photosynthesis of zooxanthellae. Under optimal
conditions, the zooxanthellae can produce
the maximum amount of photosynthate and
therefore provide the most photosynthate to
their symbiotic hosts. Under the lighting conditions of this study, it seems that the symbionts present were unable to provide enough
photosynthate to feed both themselves and
the host. Future research should examine
how much nutrition is needed to maintain A.
pallida, if A. pallida is able to induce their
symbionts to release this amount of nutrition,
and at what light level zooxanthellae are able
to produce such levels of nutrition.
Many experiments have been performed
with aposymbiotic Aiptasia that have been
forced to expel their symbionts. Authors have
noted that aposymbiotic anemones have been
maintained for several months (Weis, 1991;
Kuo et al., 2004; Kuo et al., 2010; Lehnert
et al., 2012). When stated, the food source
has always been brine shrimp (Artemia) fed
on a daily basis. No survivorship information or indication that aposymbiotic individuals lose mass during this time has been
reported. In this experiment, the amount of
food fed to each anemone might have contributed to the observed results. Feeding each
anemone to satiation would have given the
greatest likelihood that each anemone was
receiving enough nutrition to at least maintain body mass if not increase body mass.
In the wild, anemones would consume different amounts of food, but that amount of
food would be proportional to the body size
of the anemone. The body size of the anemone is proportional to the amount of food ingested (Sebens & Koehl, 1984). By feeding
the anemones TetraMin, the amount of food
given to each anemone can easily be recorded
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and correlated to the change in mass of each
anemone. Furthermore, wild anemones do
not feed just once a day. In future experiments, feeding anemones to satiation several
times per day might enhance the effect of
exogenous food, allowing for a better determination of the minimum exogenous food
requirements for maintenance, and those that
result in anemone growth, with and without
symbionts.
The high variance observed in the experimental treatment S-/F+ might be explained
by incomplete feeding by the anemones (Fig.
5). Despite the fact that anemones were observed until the food disc was ingested, it is
possible that the anemones egested the food
before the food disc had been digested completely or that the food disc was only partially
digested. It is also possible that switching
to a more natural food source such as live
Artemia would have produced more successful feedings. Although, the nutritional value
of TetraMin, Artemia, and supplemented
Artemia should be examined to determine
which food source provides the most complete and consistent nutritional array for the
anemones.
In order for a model system such as Aiptasia
to effectively represent the target system,
control laboratory experiments manipulating
factors such as food availability and composition, lighting, as well as other environmental conditions must be kept as close to natural
as possible. For example, it is possible that
anemones and corals did not receive optimal
light intensity at all times of the day or ever
during the day so that the regular light intensity received by the study organisms needed
to be measured in the field and provided in
the lab. A better experimental protocol would
model the light intensity of an average day
and provide similar nutritional content and
similar food amounts to model the target system as closely as possible. Model systems
such as Aiptasia are essential to the effective
study of target systems such as scleractinian
corals.
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