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1. Introduction
1.1 Symbiosis

The relationship between corals and their microalgal symbionts, Symbiodinium
spp., is instrumental in allowing corals to thrive in nutrient-poor environments (Bates et
al. 2010; Muscatine and Porter 1977). However, this relationship is threatened by rising
ocean temperatures and ocean acidification among other factors. The breakdown of this
relationship, known as coral bleaching, has led to intensive studies of cnidarian-
microalgal symbioses in hope of advancing our understanding of their ability to adapt to
a changing environment.

While the majority of well-known cnidarian-microalgal symbioses are tropical,
temperate symbioses are both abundant and ecologically important (Bates et al. 2010;
Muller-Parker and Davy 2001). They are typically facultative and characterized by their
ability to withstand large fluctuations in irradiance, temperature, and nutrients (Muller-
Parker and Davy 2001; Bergschneider and Muller-Parker 2008).

Irradiance is the most important variable governing the productivity of these
symbionts as it directly limits the rate of photosynthesis (Muller-Parker and Davy 2001;
Bates et al. 2010). Temperate irradiance is highly variable—in the Pacific Northwest
measured irradiance fluxes are up to 6.5X greater in the summer compared to the
winter (Muller-Parker and Davy 2001). Thus, photosynthetic symbionts in temperate
symbioses exhibit lower rates of photosynthesis than photosynthetic tropical symbionts
(Muller-Parker and Davy 2001). Despite this, temperate systems do not behave as
though they are light limited —one would expect these symbioses to exist only in high
light areas close to the surface, yet many do not appear depth restricted (Muller-Parker
and Davy 2001). This observation supports the idea that temperate hosts are not as
reliant on their symbionts for nutrition as their tropical counterparts.

Coupled with differences in irradiance come differences in temperature and
nutrient availability. Tropical symbioses thrive in a warm, temperature-stable
environment, while their temperate counterparts cope with lower average ocean
temperatures as well as seasonal and diurnal fluctuations in temperature (Muller-Parker

and Davy 2001). In addition, tropical oceans are uniformly nutrient-poor, while



temperate seas experience seasonal fluctuations in organisms such as zooplankton,
consumed by heterotrophic cnidarians (Harrison et al. 1983). Summertime peaks in
sources of heterotrophic nutrition coincide with peaks in photoautotrophic
contributions from symbionts, contrasting to wintertime conditions when both food
sources fall to low levels (Muller-Parker and Davy 2001). Despite the variability inherent
in temperate ecosystems, temperate symbioses appear well-able to handle the
changing conditions without undue stress (Bates et al. 2010; Muller-Parker and Davy
2001). This makes temperate systems excellent for studying how environmental
variation affects both the microbial symbionts and their cnidarian hosts (Engebretson

and Muller-Parker 1999).

1.2 Anthopleura elegantissima

A key organism for studying temperate symbioses is the intertidal sea anemone
Anthopleura elegantissima. A. elegantissima is a small, clonal anemone abundant in the
Pacific Northwest. It occurs continuously from south-east Alaska to central California,
and exists in patches into Baja California (Secord and Augustine 2000). In extremely low
light environments, such as caves, A. elegantissima can be found living aposymbiotically
and obtaining all nutrition from heterotrophic feeding (Secord and Augustine 2000).

While A. elegantissima can acquire photoautotrophic nutrition when in
symbiosis, heterotrophic contributions by the anemone appear to be important sources
of overall nutrition, especially during conditions that are unfavorable for symbiosis
(Engebretson and Muller-Parker 1999; Bergschneider and Muller-Parker 2008; Muller-
Parker and Davy 2001). Engbretson and Muller-Parker (1999) suggest that symbiotic
anemones gain the majority of their nutrition heterotrophically—experimental
symbiotic anemones gained weight based on whether or not they were fed regardless of
the light conditions they were kept in. It is also hypothesized that when symbiotic
cnidarians experience decreases in photosynthetically-derived nutrition, they will

increase their rate of heterotrophy (Ferrier-Pages et al. 2011).



In order to acquire photoautotrophic nutrition, A. elegantissima forms a stable
symbiosis with one or both of two algal symbionts. The first symbiont, Symbiodinium
spp., is a photosynthetic dinoflagellate found widely throughout marine symbioses. The
second symbiont is the recently-identified chlorophyte Elliptochloris marina (Letsch et
al. 2009). A. elegantissima can thus live in four unique states: as aposymbiotic
individuals, or symbiotic with E. marina, Symbiodinium, or both. This makes A.
elegantissima an ideal model organism for studying temperate symbioses, as the ability
to host multiple symbionts allows for comparisons of how symbiont identity may affect
the nature of the symbiosis (Bates et al. 2010). Additionally, it has been suggested that
hosting a combination of symbionts with different physiologies may confer a benefit to

temperate hosts living in variable environments (Bates et al. 2010).

1.3 Symbionts: Elliptochloris marina and Symbiodinium spp.

The most common microalgal symbiont of A. elegantissima are the dinoflagellate
Symbiodinium spp. (Bates et al. 2010). A. elegantissima containing Symbiodinium spp.
are abundant in areas of high irradiance and temperature, and Symbiodinium spp. are
the exclusive symbionts in A. elegantissima populations south of 43° (Engebretson and
Muller-Parker 1999; Secord and Augustine 2000). In contrast, E. marina-containing
anemones predominate in the northern portion of A. elegantissima’s range, increasing
in low intertidal habitats where irradiance is lower (Secord and Augustine 2000;
Engebretson and Muller-Parker 1999). This distribution mirrors the conditions that favor
each symbiont —Symbiodinium spp. has been shown to increase its photosynthetic
efficiency under conditions of high light and temperature, while E. marina flourishes in
lower light and temperature (Saunders and Muller-Parker 1997; Muller-Parker and Davy
2001; Verde and McCloskey 2002; Bergschneider and Muller-Parker 2008)

Analysis of photosynthetic efficiency using carbon flux models indicate that
Symbiodinium spp. can transfer more photosynthetic product, typically as glycerol, than
E. marina under all conditions—making Symbiodinium spp. the more favorable symbiont

in carbon limited organisms (Verde and McCloskey2007; Bates et al. 2010; Engebretson



and Muller-Parker 1999; Trench 1971). Multiple studies have shown a variety of non-
glycerol products transferred from symbiont to host, including lipids and various amino
acids. (Maier et al. 2010; Engebretson and Muller-Parker 1999). Factors other than
nutrition may promote the fitness of E. marina containing anemones—sculpins, for
example, appear to selectively prey on Symbiodinium-containing anemones, which
would give E. marina-containing anemones an advantage (Augustine and Muller-Parker

1998).

1.4 Sources of Nutrients

Since Symbiodinium spp. and E. marina differ in their physiologies, it is of
interest to assess the nutritional contributions of each symbiont type to its host.
Photoautotrophic contributions of carbon require that carbon dioxide from the
surrounding seawater be first transferred to symbionts for use in photosynthesis.
Photosynthate is then used for symbiont metabolism or transferred to A. elegantissima.
Inorganic nitrogen acquisition is less well-understood. Cnidarians are known to take up
dissolved inorganic nitrogen (DIN) from seawater, which can then be converted into
organic forms by the symbiont (Maier, Weinbauer, and Patzold 2010; Pernice et al.

Ill

2012). It is also believed that many cnidarians will “recycle” used metabolic nitrogen
rather than excreting it, which would be useful in waters that are very low in DIN
(Ferrier-Pageés et al. 2011; Wilkerson and Muscatine 1984). A. elegantissima thus has

multiple sources for acquiring carbon and nitrogen.

1.5 Stable Isotopes

Stable isotope analysis is an excellent tool for determining the contributions of
heterotrophy and photoautotrophy to overall host nutrition in different symbiotic
states, by comparing carbon and nitrogen isotope ratios from the symbionts and host.
Fractionation, the separation of isotopes based on their differing weights, occurs
through the biochemical pathways used to transform molecules and varies between

organisms depending on their physiologies (Fry 2006). The fractionation of isotopes



serves to enrich tissues in either lighter or heavier isotopes and leads to distinctive
signatures which can be used to assess nutritional sources in organisms (Maier,
Weinbauer, and Patzold 2010; Fry 2006). Stable isotopes are measured through the use
of a mass spectrometer. Values are reported using 6 notation, which uses the ratio of
heavy to light isotope in the sample divided by the ratio of heavy to light isotope in an
international standard (Fry 2006). A lower or more negative 6 value means that the
sample is enriched in the lighter isotope and a high & value indicates an isotopically
heavy sample.

In pathways that are predominated by kinetic reactions, such as photosynthesis,
lighter isotopes react faster than heavier ones. Overall fractionation by ribulose
bisphosphate carboxylase/oxygenase (Rubsico) in photosynthesis results in lower §3C
values in the products compared to the source molecules (Bergschneider and Muller-
Parker 2008; Kiirten et al. 2014). The degree of enrichment depends on the precise
enzymes used in the reactions—for example, Bergschneider and Muller-Parker (2008)
showed that Form Il Rubisco, found in Symbiodinium spp., is less discriminatory towards
13C than Form | Rubisco, found in E. marina. Thus Symbiodinium spp. is expected to have
a higher 8'3C value than E. marina.

Analysis of 63C is especially useful in determining the sources of metabolic
energy for symbiont and host. Heterotrophic feeding by the host typically results in less
kinetic fractionation than in photosynthesis, and causes a §'3C value similar to that of
food sources (Muscatine, Porter, and Kaplan 1989). Heikoop et al (2000) showed that
this relationship holds true in corals, with heterotrophic corals having 6*3C values close
to those of food sources while autotrophic corals reflected the 8'3C of their symbionts.

In contrast to carbon metabolism, nitrogen metabolism is dominated by
exchange reactions. Lighter isotopes of nitrogen form weaker bonds causing amine
groups containing **N to be favored in transamination and deamination during amino
acid synthesis (Adams and Sterner 2000; Gannes, del Rio, and Koch 1998). This results in
the organism having a higher 6'°N value than its nitrogen source. 6*°N values have been

shown to increase by approximately 3.4%o as trophic level increases (Adams and Sterner



2000; Minagawa and Wada 1984). However, limitations in source nitrogen can lower
this value—if an organism is highly nitrogen-limited all nitrogen in the source will be
converted to the product, resulting in a net increase of 0%o (Maier, Weinbauer, and

Patzold 2010; Adams and Sterner 2000).

1.6 Purpose and Predictions

The goal of this study was to examine the contributions of Symbiodinium spp.
and E. marina symbionts to A. elegantissima nutrition. By analyzing the stable isotope
signatures of Symbiodinium, E. marina, and anemone tissue from A. elegantissima in
each symbiotic state | compared the relative contributions of each symbiont to its host.
It was expected that Symbiodinium-containing anemones would have low §3C values
close to that of Symbiodinium-algal samples, while E. marina-containing anemones
would have higher 8'3C values. E. marina-algal 6*3C values were expected to be the
lowest, followed by Symbiodinium-algal values, since both symbionts acquire their
carbon photosynthetically. Aposymbiotic anemone tissue was predicted to have the
highest §'3C of all the samples since these anemones feed entirely heterotrophically.
Since 8%°N tends to reflect trophic level, it was expected that all anemone samples will
have high values, while both symbionts would show much lower values. Analysis of the
differing contributions of symbiont to host gave a better understanding of how
symbiont identity affects overall host nutrition, and allowed for predictions of how

these relationships will change in the future.

2.  Methods
2.1 Anemone Collection and Preparation

Anthopleura elegantissima were collected on October 25, 2014 from Boiler Bay,
Oregon (44°49’ N, 124°03’ W). Symbiont identity was assessed visually—Elliptochloris
marina-containing anemones were green, Symbiodinium-containing anemones brown,
and aposymbiotic anemones white. Anemones were brought back to Oregon State

University and cut in half from oral to aboral end, labeled, and frozen at -80°C. The three



largest halves of three aposymbiotic, three E. marina-containing, and three

Symbiodinium-containing anemones were chosen for this experiment.

2.2 Symbiont Density Quantification

A diagonal slice from the middle of the oral cavity to the outer trunk column was taken
from each anemone for algal cell counts and protein analysis. Slices were homogenized
in 100-400pl cold DH;0 using plastic pestles. Cells were counted on a Brightline
hemocytometer in triplicate. Cell density was then calculated by dividing the average
cell counts by the volume of solution counted in one replication on the hemocytometer
(0.4 pl). Remaining homogenate was analyzed for anemone protein content using a
Bradford Protein Assay. Anemone protein was isolated by centrifugation at 1600 RPM
for one minute. Cell density was indexed to anemone protein to obtain the number of

symbionts per milligram protein.

2.3 Anemone Preparation for Stable Isotope Analysis

Each anemone was finely chopped with a razor-blade, large particles of grit were
removed, and anemones were homogenized in 6ml cold DH,0 using a 30 ml glass tissue
grinder and Teflon pestle (Bergschneider and Muller-Parker 2008). The homogenate was
poured into a 15 ml tube, and the tissue grinder and pestle were rinsed with 3 ml cold
DH,0. The rinsate was added to the 15 ml tube to give a total homogenate volume of
9ml. 3 ml of algae+anemone homogenate was aliquoted and set aside.

Separation of the algae and anemone fractions from the homogenate was
achieved through repeated centrifugation. The homogenate was centrifuged at 1600
RPM for one minute. The resulting supernatant contained anemone homogenate only
and was decanted into a 50 ml tube and reserved. The pellet was then resuspended in 2
ml cold DH,0 and centrifuged at 1600 RPM for one minute. The supernatant was
decanted into the anemone-only tube. This re-suspension process was repeated three
times for a total of four washes. After the final wash, the pellet was assessed to see if a

visible white anemone layer remained beneath the algal layer. If so, the pellet was



resuspended in 2 ml cold DH;0 and centrifuged at 100 RPM for three minutes to
separate the anemone and algae. The resulting supernatant was largely free of host
material and was pipetted out without disturbing the loose anemone pellet. This
process was repeated for each of the nine anemones.

Each sample was visually inspected under a compound microscope and
photographed to verify and document the separation of anemone and algal samples
compared to their algae+anemone combined counterpart. Samples showed good
separation between algae-only and anemone-only fractions compared to the
algae+anemone fraction (Fig. 1).

Samples were vacuum-filtered onto Pall 47mm glass fiber filter type A/E, 1um
particle retention (Inga Conti-Jerpe 2014). Filters were pre-combusted at 550°C for 24
hours and pre-weighed (Kilrten et al. 2014). Sample filters were allowed to dry on the
vacuum filter for 10 minutes, then re-weighed in order to determine sample mass.
Samples were then wrapped in tinfoil and placed into a 50°C chamber to dry further.
Approximate weight of carbon in the samples was calculated as half of the total weight.

After drying overnight, filters were trimmed to remove excess filter without
losing sample material. Samples with estimated weights of carbon less than 2.7 mg were
prepared as follows: The percentage of the filter area needed to obtain approximately
0.8-0.9 mg of sample material was calculated and cut from the remainder. Filters were
then wrapped into tin capsules. Samples with estimated carbon weight greater than 2.7
mg were scraped with a metal spatula to remove material from the filter. The resulting
material was weighed on a microbalance to have a mass of approximately 0.8-0.9 mg,
then wrapped in a tin capsule.

Wrapped samples were sent to the OSU Stable Isotope Laboratory for 3C and
15N analysis using an EA Delta Plus Isotope Ratio Mass Spectrometer. Samples were
standardized using the international standard IAEA-600 (caffeine) against Vienna
PeeDee Belemnite (VPDB). Results were calibrated against VPDB using two international
references and one internal lab reference (USGS40, IAEA-N2, and SIL Sucrose,

respectively) included in each run. Repeat analysis of references shows precision at



+0.1%o for 613C and £0.2%. for 81°N. Isotope ratios were expressed using standard &
notation of the ratio of heavy to light isotope, following the equation:

Rsample

0X%o0 = ( - 1) * 103

standard

X: 3C or N

R: Ratio of (*3C/*2C) or (**N/**N) of the sample or the standard

2.4 Statistical Analysis

Stable Isotope data were compared to individual anemone ratios of algal cells to
anemone protein using calculated cells/mg protein. Data was then analyzed using two-
way ANOVAs and post hoc Tukey tests on §'3C and 8°N to compare the effects of
sample types. No outliers were present and the normality condition was well met for
both carbon and nitrogen data. Fitted residuals of both carbon and nitrogen data
showed variations in variance that are attributed to the small sample sizes. All analysis

was completed using R statistical software.

3. Results
3.1 Symbiont Density across Symbiotic States

Comparisons of each anemone’s algal cell to protein ratios showed that anemones
symbiotic with E. marina had on average more algal cells/mg compared to anemones
symbiotic with Symbiodinium spp. However, this is influenced greatly by anemone
BB2g13, which had 5,711 more cells/mg protein than the next highest Symbiodinium-
containing anemone (Fig. 2). Aposymbiotic anemones had close to zero cells/mg protein

in all cases (Fig. 2).

3.2 Stable Isotope 63C and §©°N

The distribution of average 6*3C and 6%°N for separated algal, anemone-only, and
algae+anemone fractions of E. marina, Symbiodinium, and aposymbiotic samples, as
well as an outside comparison from a heterotrophic mussel, Mytilus sp. (supplied by

Weis Lab), is shown in Figure 3. §3C varied across samples, with E. marina algal samples

9



being much lower than their anemone-only and algae+anemone counterparts. E. marina
showed the lowest §3C at —23.8%o, followed by an E. marina algae+anemone sample at
-20.1%0 and Symbiodinium algae (-19.84%.; Table 1). The E. marina algal samples also
had the greatest variability of §3C values, with a difference of 2.21%. between the
highest and lowest values (Table 1). Aposymbiotic algal samples had the highest carbon
signatures (-17.6%o0), and there were no significant differences between any
aposymbiotic fractions or symbiotic anemone-only and algae+anemone fractions
(p=0.61, Table 1). 8'°N values also varied across samples, with algal samples being
uniformly lower than their anemone-only and algae+anemone counterparts (Fig. 3).
Symbiodinium algal §*°N values were the lowest at 4.09%o, significantly lower than the
next lowest E. marina algal values at 6.49%. (p=1.23x104, Table 1). As expected, the
aposymbiotic samples had the highest §°N values, but there were only small
differences between the aposymbiotic, Symbiodinium anemone-only, E. marina
anemone-only, and E. marina algae+anemone samples (Table 1). The Symbiodinium
algae+anemone sample did show a lowered nitrogen signature compared to its

anemone-only counterpart (Table 1; Fig 3).

4. Discussion
4.1 Contribution of Heterotrophy to Host Nutrition

It has been shown that A. elegantissima hosts E. marina at higher densities than
Symbiodinium spp., potentially due to the smaller size of E. marina and its lower
photosynthetic productivity compared to Symbiodinium spp. (Verde and McCloskey
1996; Engebretson and Muller-Parker 1999). Average cells per milligram anemone
protein reflected this, but the average for E. marina- containing anemones was greatly
increased by the outlier BBg13. With the exception of this individual, both
Symbiodinium-containing anemones and E. marina-containing anemones had similar
densities of algal cells per milligram anemone protein (Fig. 2). Comparisons of cell

counts confirmed that the classification of anemones as aposymbiotic, Symbiodinium-

10



containing, or E. marina-containing based on visual inspection was reflected in the type
and amount of symbionts counted.

Stable isotope analysis of 13C showed distinct differences in values for isolated E.
marina and Symbiodinium spp. algal samples. Both symbionts showed very negative
values, as is expected from the photoautotrophic fractionation of carbon (Fry 2006). The
carbon values obtained here closely matched carbon values obtained by Bergschneider
and Muller-Parker (2008) during their October sampling for E. marina and Symbiodinium
spp. isolated from A. elegantissima in Washington. E. marina was significantly more
negative than Symbiodinium spp., which can be explained in part by the differences
between Form | and Form Il Rubisco. Form | Rubisco, which is present in E. marina, is
much more discriminatory towards 3C than Symbiodinium’s Form |l Rubisco
(Bergschneider and Muller-Parker 2008). This difference results in E. marina having
greater fractionation of carbon during the photosynthesis. In addition, the difference in
carbon signatures between these two algae could lie in their different carbon needs.
Symbiodinium spp. has been shown to be much more productive than E. marina, and
thus may be carbon limited (Engebretson and Muller-Parker 1999; Verde and McCloskey
1996). Carbon limitations lower carbon fractionation, causing carbon values to be more
positive. Compared to Symbiodinium spp., E. marina is less productive, and so has a
relative abundance of carbon, making its §3C more negative.

While algal carbon signatures were very negative, the symbiotic anemone-only
and algae+anemone carbon values were higher and much closer to the values of the
pure heterotrophs: the aposymbiotic anemones and Mytilus sp. The lack of variation
between symbiotic anemone-only and aposymbiotic anemone-only signatures supports
the idea that these animals, whether symbiotic or not, are deriving the vast majority of
their nutrition through heterotrophic feeding. The Symbiodinium algae+anemone
samples were slightly more negative than their counterpart anemone-only samples,
indicating that Symbiodinium spp. may be contributing a small amount of carbon to the
host. This contrasts with the findings of Bergschneider and Muller-Parker (2008), who

found differences between their symbiotic anemones carbon values and those of their
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aposymbiotic anemones. The discrepancy between the data found here and the
Bergschneider and Muller-Parker findings could be due to the fact that Bergschneider
and Muller-Parker compared combined algae+anemone signatures to aposymbiotic
signatures. My methodology isolated both the algal fraction and the anemone fraction,
allowing me to compare algae, algae+anemone, and anemone-only to aposymbiotic
anemones.

Nitrogen isotope analysis of symbiotic and aposymbiotic samples show uniformly
high 6%°N values across symbiotic anemone and algae+anemone samples, aposymbiotic
samples, and the mussels. This indicates that all of these animals are receiving sources
of nitrogen with similar 8§°N signatures—in this case, all are likely obtaining nitrogen
heterotrophically from benthic invertebrates and zooplankton (Sebens 1981). In
contrast, the 6%°N nitrogen values were markedly lower for both algal types, with E.
marina averaging 4.34%o. below its anemone-only value and Symbiodinium at 7.18%o
below its anemone-only value (Table 1). It was expected that algal nitrogen values
would be lower than their anemone and algae+anemone counterparts because 6*°N
values rise as trophic level increases (Minagawa and Wada 1984; Adams and Sterner
2000). Both E. marina and Symbiodinium are primary producers, while A. elegantissima
is a heterotroph. However, Symbiodinium had a significantly lower 6'°N value than E.
marina (3.41%o; Table 1). The average Symbiodinium algae value was 4.23%o, very close
to 5%o, the average 6°N of seawater (Table 1; Dahnke and Thamdrup 2013). Since it is
believed that the DIN in seawater is a major nitrogen source for photoautotrophic
symbionts, the low algal signature of Symbiodinium could indicate that it is extremely
nitrogen limited and is taking up not only DIN but isotopically light waste nitrogen
excreted from the host (Pernice et al. 2012; Wilkerson and Muscatine 1984). Conversely,
the heightened signature of E. marina algal samples (7.64%o) indicates that this
symbiont is not nitrogen limited, allowing fractionation to readily occur (Table 1).

The stable isotope data from this study confirm that A. elegantissima is acquiring
the majority of its nutrition heterotrophically and is not dependent upon its symbionts

for nutrition. The differences between anemone and algae nitrogen and carbon for the
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symbiont types suggest that Symbiodinium spp. confer some nutritional benefit to the
host, while E. marina does not appear to benefit the host. The trends in isotopic
signatures we see in this study fit with the findings of Bergschneider and Muller-Parker
(2008). The similarity of the data from anemones in Washington and Oregon suggests
that these trends may be present in multiple populations of A. elegantissima. Future
studies of A. elegantissima populations elsewhere will be required to confirm this
hypothesis, and will lead to a greater understanding of whether A. elegantissima

receives any benefit from hosting Symbiodinium spp. or E. marina.
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Tables and Figures

Fig. 1: Separated sample fractions.

A. is the algae+anemone sample
before centrifugation, while B. and C.
show separated anemone-only and
Symbiodinium algae-only samples,
respectively.

Scale Bar: 0.02mm.
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Fig. 2: Symbiont density in A. elegantissima with various symbionts. Grey, red and green
bars indicate symbiont counts per mg anemone protein for aposymbiotic,
Symbiodinium- containing, and E. marina-containing anemones respectively.
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Fig. 3: Average 6N and 8'3C of algae, algae+anemone, and anemone samples from
aposymbiotic, E. marina containing, and Symbiodinium containing anemones, as well as
heterotrophic mussels Mytilus spp. Triangular points show anemone-only samples,
while squares show algae+anemone samples and circles show algal samples. Colors
show the sample type, with grey as aposymbiotic, green as E. marina, and red as
Symbiodinium.
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Table 1: Average 6'3C and 6'°N (+SE) and range for isolated algal samples, anemone-only
samples, and algae+anemone samples from Symbiodinium-containing, E. marina-
containing, and aposymbiotic anemones.

613(: 615N
Average Range n Average Range n
Algae
Aposymbiotic -17.8610.2264 |-18.17- 3 ]11.84+0.2266 |11.47-12.25 | 3
-17.6
Symbiodinium |-19.73+0.105 -19.84- 2 |4.23£0.14 4.09-4.37 3
spp. -19.63
E. marina -22.681£0.6381 |-23.8- 3 |7.64+0.6583 6.49-8.77 3
-21.59
Anemone
Aposymbiotic -18.39tNA NA 1 |11.92+NA NA 1
Symbiodinium- |-18.46+0.0377 |-18.54- 3 ]11.41£0.0067 |11.40-11.42 | 3
containing -18.43
E. marina- -19.22+0.295 -19.51- 2 ]11.98+0.14 11.84-12.12 | 2
containing -18.92
Algae+anemone
Aposymbiotic -18.27+NA NA 1 ]11.87+0.11 NA 1
Symbiodinium- |-19.06£0.3721 |-19.79- 3 110.35£0.1105 |10.14-10.41 | 3
containing -18.57
E. marina- -19.65+0.2544 |-20.1- 3 111.50+£0.1889 |11.29-11.88 | 3
containing -19.22
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