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Project Title: The effects of runoff on the physiology of Enteromorpha intestinalis:
implications for use as a bioindicator of freshwater and nutrient influx to estuarine and
coastal areas

Project Goals:

1) To increase understanding of the environmental conditions that lead to blooms of
macroalgae.

2) To start development of a tool that can be used by management agencies to measure water
quality and allow early detection of eutrophic conditions.

1) The first major goal of this study has been to increase understanding of the environmental
conditions that lead to blooms of macroalgae. Southern California is a highly populated region
with developed watersheds. The climate consists of distinct wet and dry seasons, and therefore
rainfall, runoff and stream flow are generally limited to pulsed events within the winter months
(Young et al. 1978, Page et al. 1995). Urbanized watersheds in the region are highly channelized,
thereby serving as conduits for increased volumes and speeds of runoff to southern California
estuaries (Zedler 1996, Eyre and Balls 1999). Further, anthropogenic changes have resulted in
year-round nutrient inputs from urban runoff and treated wastewater (Zedler et al. 1992, Dalkey
and Shisko 1992, Johnson 1993). Therefore natural pulse rainfall events ameliorated by
anthropogenic inputs transport freshwater and nutrients into estuaries and contribute to algal
blooms and eutrophic conditions.

We hypothesized that the bloom-forming green macroalga, Enteromorpha intestinalis, has
physiological mechanisms for short-term survival under decreased salinity and light availability
associated with nutrient pulses. To understand the mechanisms that result in these algal blooms,
short-term physiological responses of E. intestinalis after to exposure to one, then two, and
finally three environmental factors associated with eutrophication were quantified. We measured
tissue water and potassium content to examine short-term (48-hour) effects of reduced salinity,
and nutrient content (nitrate (NO5"), ammonium (NH,"), and total nitrogen (N)) of tissue and
water to see how decreased salinity and light availability affected nutrient uptake and storage.

We found that E. intestinalis osmoregulated effectively at all salinities tested (range = freshwater
to oceanic salinity). The mechanisms that result in this salinity tolerance include altering tissue
water content and potassium concentration to maintain osmotic balance with the surrounding
medium; tissue water content decreased and potassium concentration increased with increasing
external salinity. Salinity tolerance of E. intestinalis was further enhanced by high NO;™ uptake
ability; although the role of potassium in osmoregulation was not affected by differing nutrient
concentrations, the pattern was less pronounced in the presence of higher water column nutrient
concentrations. These results suggest that inorganic nitrogen stored in algal tissue may function
in short-term osmoregulation.
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We also determined that E. intestinalis has the ability to take up and store nutrients for future
growth, even during times of environmental stress due to short-term reduction in salinity and
light availability. Tissue nutrients, an indicator of nutrient status, increased with increased
nutrient supply regardless of variations in salinity or light availability. In the short-term, light
availability did not affect tissue potassium or total nutrient concentration. However, light
influenced whether the nutrients were present in the tissue as inorganic or organic forms. With
reduced light, we hypothesized that the assimilation of inorganic to organic nitrogen was energy-
limited. Thus the alga has physiological mechanisms for tolerating conditions that co-occur with
eutrophication, including decreased salinity, increased nutrient concentration and decreased light
availability, which aid in our understanding of why algal blooms proliferate in extremely
variable estuarine environments.

The ability of E. intestinalis to take up pulses of different species of nitrogen (NH4", NO3")
simultaneously would be an important mechanism to enhance bloom ability in estuaries with
many different nutrient sources. To assess mechanisms that may enhance the bloom potential of
Enteromorpha intestinalis during pulses of multiple nitrogen species typical of southern
California estuaries, we quantified uptake and assimilation of NH," and NO5 offered
simultaneously. Stable nitrogen isotopes ('°N) were used to determine the preferred form of
nitrogen (NO;", NH4") taken up and incorporated into the tissue. Uptake rates and preference for
NH;" or NO; following 1, 3, 6, 9, 12 or 24 hours of exposure to either 15NH4-NO3 or NH4-°NO;
were determined by disappearance of N from the medium and accumulation in algal tissue.

The presence of 5N or "N had no effect on uptake of either NH," or NO3'; N was removed
from the water column at an almost identical rate and magnitude as for "*N. There were
dlfferences in accumulation of > NH," and ® NOj™ in the tissue reflecting disappearance from
the water; "*N from NH," increased faster and reached an atom % twice that for accumulation of
N from NOs". These results suggest that when NH;" and NO;™ were available in equal
amounts, NH," was taken up and assimilated preferentially, but NO;" still pooled in algal tissue.
These are important findings because often NO;™ is the most readily available form of N in
eutrophic conditions (Page et al.1995, McGlathery et al.1996, Fong and Zedler 2000). Further,
the ability to take up high concentrations of NH;" and NOs” is a very important trait for bloom-
forming species of estuarine macroalgae, as they are usually subject to multiple nutrient species
from various sources (Litaker et al. 1987, Valiela et al. 1992, McGlathery et al. 1996).

Natural abundance of stable nitrogen isotopes (8'°N) has become increasingly useful for
determmlng nitrogen (N) sources and sinks (Peterson and Fry 1987). Several studies have shown
that the 8'"°N reveals whether the N source is from a terrestrial-based or a marine-derived source
(Van Dover et al. 1992, Page 1995, Fourqurean et al. 1997, Rogers 1999). A general assumption
is that the 8"°N of primary producers reflect the 8N of the sources. However, differential
partitioning of isotopes, or fractionation, can create differences between §'°N of sources and

sinks especially since "N is thought to be preferred over "N in biological processes (Waser et al.
1998).

We examined the relationships between N supply and macroalgal tissue responses to assess
whether fractionation of nitrogen isotopes ('*N vs. ’N) occurs under different isotopic ratios and
concentrations. Using both traditional nutrient analysis techniques and stable isotopes for water
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and algal tissue and labeled 5NO; and * NH,", we measured uptake rates, tissue NO3’, NH,",
total N and 8'°N and which form of inorganic N was preferred. When E. intestinalis was exposed
to a range of water § "°N values, but the same N concentration, more fractionation occurred for
NO; when it was the primary N source than for NH,". Under high nutrient concentrations, the
alga removed more N from the water column when the 8"°N was low (less heavy N). Across all
treatments, more of the lighter isotope (**N) was taken up by algal tissue.

E. intestinalis exposed to a range of water N concentrations with the same 8N value did not
reveal differences in fractionation with increased water N availability. Tissue 8"°N did not
change with increased NOs™ or NH; " availability over the range of concentrations tested (50-500
UM), but may be important at lower concentrations. Although fractionation occurred, it was still
possible to detect differences in 8"°N available by examining the §'°N of the algal tissue. Results
from these experiments with "°N provide an understanding of how the §"°N of water column
dissolved inorganic N is reflected in macroalgal primary producers and suggests that E.
intestinalis would be a good indicator of N sources to estuarine and coastal communities.

2) The second aim of this project has been to start development of a tool that can be used by
management agencies to measure water quality and allow early detection of eutrophic
conditions. A major limitation of current methods of freshwater and nutrient measurement is the
samples are discrete. Most water samples provide salinity and nutrient information for a given
instant, and changes may occur over a variety of spatial and temporal scales. There is also the
problem of relating the physical data to biological data. Therefore an integrative way to quantify
terrestrial inputs to estuarine and marine communities is necessary. One possibility is to develop
biological measures of conditions associated with eutrophication. Studies designed to determine
whether algae, including Enteromorpha intestinalis, can be used to assess ambient nutrient (N)
concentrations have recently begun to appear in the literature (e.g. Jones et al. 1996, Fong et al.
1998, Lyngby et al. 2000).

Using information from experiments where the responses of E. intestinalis to factors associated
with influx of freshwater and nutrients from terrestrial sources were quantified, we began to
assess this alga’s usefulness as a bioindicator. Though analyses have not yet been completed,
data from field experiments where cultured algae was outplanted into three different southern
California estuaries known to receive runoff input year-round appear to support the laboratory
findings. It was possible to detect salinity and nutrient changes in algal tissue due to changes in
freshwater and nutrient inputs across seasons by analyzing the tissue water, potassium, NH,",
NOj’, and total N content of E intestinalis tissue after 24 hours in the field. In addition, the
natural abundance of stable isotopes (8 °N) sequestered by algae placed in the field was used to
establish whether differences in the sources and amount of processing of the nutrients available
to the algae in these estuaries during both wet and dry seasons can be detected.

This research has increased our understanding of the environmental conditions that lead to
blooms of macroalgae. In addition, this alga’s physiological responses may be used as an
inexpensive, straightforward method for measuring the magnitude of the freshwater and nutrient
inputs associated with runoff and the sources of the bioavailable nutrients.
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