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Bioindicators are used to monitor responses to environmental pressures. They should reflect important
ecological values, be scientifically defensible, respond in a predictable manner and be easy to measure
and interpret. Seagrasses are significant marine habitat, which globally are under threat and are consid-
ered “sentinels” of coastal degradation. Light reduction via (for example) eutrophication, dredging and
turbid terrestrial run-off is a key anthropogenic pressure impacting seagrasses. Consequently, seagrasses

Keywords: are regularly included in monitoring programs, both to protect them and for their value as indicators
SBiec?igrxrgiSSator of change in light availability. This paper assessed published literature on seagrass responses to light
Light stress reduction to identify which seagrass characteristics provide the most robust bioindicators of light reduc-
Monitor tion. ISI Web of Science was searched in July 2011 to retrieve refereed publications that documented the
Management response of seagrasses to light reduction. Only studies with a control were included, giving confidence

that the response was due to light reduction and not other, unexplained factors. This yielded a dataset of
58 published studies, covering eight of 11 seagrass genera and 18 species, with a wide geographic range.
In each study, the response of each variable to light reduction was categorised into no effect, reduce or
increase. Where studies tested the intensity and durations of light reduction, the consistency of responses
at these different levels was also assessed. A set of consistent and robust bioindicators is proposed that
respond to the pressure of light reduction and can indicate different timescales and levels of pressure.
These include: those that respond early and reflect sub-lethal changes at the scale of the plant, such as
rhizome sugars, shoot C:N, leaf growth and the number of leaves per shoot; and those that respond later,
reflecting changes at the meadow-scale, such as shoot density or above-ground biomass. We recom-
mend these variables for monitoring programs with the goal of detecting significant light reduction and
indicating the severity and duration of impact.

Crown Copyright © 2013 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Bioindicators are used to monitor biotic responses to envi-
ronmental pressures and are applicable to individual species or
assemblages (e.g. Markert and Wiinschmann, 2011). Many mon-
itoring programs incorporate measures of both environmental
pressures and bioindicators. The advantage of measuring biota is
that they integrate a temporal component, reflecting both the past
and current environmental condition, related to the life-span or
residence time of the particular organism in a system, whereas
environmental measures usually reflect a single point in time.
Good bioindicators should be scientifically defensible, such that
the cause-effect pathway that relates the state of the biota to the
pressure is reasonably understood, respond in a predictable man-
ner to the pressure of concern across different locations and times
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and in proportion to the degree of pressure, be repeatable, that is,
they can be measured on more than one occasion over space and
time, cost effective, easy to measure and provide outputs that are
easy to interpret (ANZECC, 2000; EPA, 2008; Niemi and McDonald,
2004). There is a plethora of potential bioindicators but ecological
health assessments need to be based on simple yet scientifically
sound methodologies (Borja et al., 2008). An integral component
of bioindicator development is to pause and review the suitabil-
ity of the many potential indicators on the basis of the above
criteria.

Coastal zones are highly valued for their ecosystem services
as well as their socio-economic benefits. Yet, they are exposed to
multiple pressures, including eutrophication, construction works
for ports and marinas, increased sediment runoff, fisheries activi-
ties and aquaculture (Costanza et al., 1997; Gladstone, 2010) and
degradation of the coastal zone continues at an increasing rate
(Duarte, 2009; Waycott et al.,2009). Effective monitoring, detection
of change and management of these localised impacts is growing
in importance as global climate changes create further pressures
on coastal ecosystems (Hughes et al., 2003).
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Seagrass meadows are considered “sentinels” of coastal degra-
dation (Orth et al., 2006) and, as such, they are frequently
incorporated into assessments of estuarine and coastal integrity
(e.g. Borja et al., 2008; Fourqurean et al., 1997; Romero et al.,
2007). They are a dominant habitat of most coastal environments
providing important ecosystem services, globally valued at approx-
imately US$19,000ha~Tyr—! (Costanza et al., 1997). This means
that, in addition to being good bioindicators of impacts to the
coastal zone, changes in the health or abundance of seagrasses
indicate likely flow-on effects to the broader ecological and eco-
nomic systems. One of the key causes of seagrass decline is light
reduction (Waycott et al., 2009). They have high light require-
ments but often occur in shallow estuarine or coastal regions,
which are readily impacted by human activities. Monitoring of
seagrass condition and health is a key priority in many coastal
monitoring programs, and in environmental impact assessment
and management, particularly related to dredging e.g. (EnviCom-
Working-Group-108, 2010; EPA, 2011; Fourqurean et al., 2003;
McKenzie et al., 2010).

Seagrass responses to light reductions have been reason-
ably well documented (Fig. 1). Plants initially respond to stress
through physiological adjustments and later, if the stress contin-
ues or increases in intensity, through morphological adjustments
(Waycott et al., 2005). Consequently, a set of sub-lethal effects
occur, where the plant modifies its physiological processes,
resource allocation or structure (Lee et al.,, 2007; Ralph et al.,
2007), in order to maintain a positive carbon balance (Collier
et al,, 2009; Touchette and Burkholder, 2000). In the face of ongo-
ing pressure, declines in spatial extent or density of seagrass
meadows will then occur (Backman and Barilotti, 1976). These
responses can be easily explained through a cause-effect pathway
of reduced light interception through to meadow-scale changes

(Fig. 1).

1.1. The need for this review

Due to the relatively long history of research on responses
of seagrasses to light related stress, there is a reasonable mech-
anistic understanding of the plant responses to light reduction
(Fig. 1). However, even in experimental studies where condi-
tions can be tightly controlled, there are inconsistencies among
studies as to whether potential indicators do respond to chang-
ing light levels. Effective monitoring programs need to be part
of a broader management framework that requires responses
to the monitoring data. Typically, this is in the form of pre-
determined criteria or thresholds, which, if exceeded, trigger a
management response. Given the often significant implications
in triggering management actions, it is important that there is
confidence in the choice of indicators on which monitoring is
based. It is timely to assess what are the most robust seagrass
bioindicators of light reduction while considering the following
criteria:

relevance and appropriateness - they respond to light reduc-
tion;

consistency - respond in the same manner (increase or
decrease) with increasing intensity or duration of stress or at a
particular point along the stress-response pathway;

reproducibility & repeatability— responds across the range of
locations and times that light reduction is imposed; and

easy-to-measure and cost-effective.

This paper reviews the published literature on seagrass
responses to experimental light reduction in order to identify the
most robust bioindicators. A sub-set of bioindicators of light reduc-
tion in seagrasses is then proposed taking into account the above
criteria.

2. Materials and methods

ISI Web of Science was searched in July 2011 to retrieve ref-
ereed publications that documented the response of seagrasses to
light reduction. Ruppia, a genus which is not universally recognised
as a seagrass, was not included. Two sets of keywords were used.
The first set included words associated with seagrasses (seagrass or
eelgrass or SAV or all the seagrass genera names (e.g. Halophila, Posi-
donia, etc. and including old genera names such as Heterozostera).
The second set of keywords contained words associated with light
reduction (light or shade/shading or dredge/dredging or irradi-
ance). Each word in the first set was searched in combination with
each word from the second set. In addition, to take into account
older references that may not be available through ISI Web of Sci-
ence, the reference list in each article was also scanned for any other
relevant publications. This process generated 184 refereed publi-
cations. Only those studies that included a control were included to
account for any seasonal changes in the seagrass variables that may
be related to factors other than the light reduction (in aquaria stud-
ies control was 100% surface light or the maximum light intensity
treatment, in in situ experiments the control was typically ambient
light within the seagrass meadow). There were a total of 58 publi-
cations on experimental manipulation of light, once those without
control treatments were removed which are listed and numbered
in Appendix A. This yielded 104 independent studies, considered
observations, as many publications included more than one exper-
iment and multiple species. Data was extracted from each of these
publications to generate the summary statistics presented in this
paper as described below.

From each publication the following information was extracted:
country and location where experiment was conducted; experi-
mental set-up (in situ, mesocosms); genus and species studied;
start, end and duration of study; season of study; light reduction
treatments; and response variables (n=119).

Each response variable measured in each study was assessed
to determine if, and how, it responded to a particular level of
light reduction relative to the control (increase, decrease or no
effect). ‘No effect’ was defined as not statistically significantly dif-
ferent to the control (typically p>0.05), ‘Increase’ was defined as
significantly (p <0.05) greater than the control and ‘Decrease’ as
significantly lower than the control. These allocations were fur-
ther subdivided into the time-step at which the response was
observed as follows: hours (where the treatment was imposed for
<24h), days (<8d), weeks (<4 weeks) and months (>4 weeks). If
there was more than one light reduction treatment, we recorded
whether the response varied among the treatments at different
time-steps. In some cases, it was not possible to categorise a par-
ticular response variable into the three main categories (increase,
decrease, no effect). For example, there may have been more than
one light reduction treatment and a variable responded in differ-
ent directions in the different treatments (e.g. under extreme light
reduction, responses differed to those under mild light reduction).
If an observation could not be assigned into the three categories, it
was deemed inconclusive and not included.

Where variables measured similar plant responses, or where
there were only a few observations, they were pooled together with
functionally similar measurements. These included: leaf growth
(gt~1) with growth per meristem (gmeristem~!t~1); and clus-
ter and shoot mortality, cluster and shoot density and leaves per
shoot and leaves per cluster, as a cluster is analogous to a shoot.
Leaf biomass per leaf, shoot and cm~2 were also combined. After
this consolidation, only variables that were recorded in three or
more different studies or species were included in the analysis
of seagrass responses to light reduction, a total of 56 response
variables (Appendix B). These response variables were categorised
into five groups: those associated with photosynthesis, other



Download English Version:

https://daneshyari.com/en/article/4373417

Download Persian Version:

https://daneshyari.com/article/4373417

Daneshyari.com


https://daneshyari.com/en/article/4373417
https://daneshyari.com/article/4373417
https://daneshyari.com/

