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Graphical Abstract Abstract.

Marine angiosperms are important because they
provide stabilization of coastal sediments, water
clarity, take part of the breeding habitat for
various species, and provide shelter from
predators for some marine species, among other
benefits. Their conservation is therefore of vital
importance for the maintain the homeostasis of
the marine environment. However, some threats
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‘ o to the meadows that they form have been
described in South Australia. Among them,
coastal development, the presence of invasive
species and pollution, are the most important in
worsening their conservation status. For this
reason, this work is aimed to perform a
literature review of the conservation status of
the four species of the genus Posidonia endemic
to this area: P. angustifolia Cambridge & J.Kuo,

< P. australis Hook.f., P. ostenfeldii Hartog and P.
ﬁ W ﬁ sinuos_,a Cambridge & J.Kuo. To achie_ve t_his_
goal, information was sought on the distribution,
population dynamics, threats and conservation
v strategies for each of the species.

Both in situ and ex situ conservation strategies
are important to slow the decline of marine
T — angiosperms. Posidonia species are slow-

s & S PR growing, and their seeds are sensitive to
ot desiccation, which makes ex situ conservation
more difficult to implement than in situ
conservation strategies.
Keywords: Posidonia; Australia; conservation;
threat; distribution; population.
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Introduction

Marine angiosperms are flowering plants belonging to the monocotyledons that form marine meadows
(Duarte et al., 2017). They constitute a paraphyletic small group, with about 66 species described so far,
classified within the order Alismatales R.Br. ex Bercht. & J.Presl. (Den Hartog and Kuo, 2006;
Papenbrock, 2012).

Their importance is due to the fact that they provide ecological benefits such as habitat and food for
fishes, macroinvertebrates, and megaherbivores. In addition, they act as biological sentinels to different
threats, natural or anthropogenic, because they have the ability to respond to various environmental
modifications caused in the sediment and water column (Duarte et al., 2017).

Marine angiosperms are cosmopolitan, and are part of tropical (>24°C), temperate (4-24°C) and polar
(<4°C) coastal regions (Short et al., 2016). Their growth and distribution depend on physical, chemical
and biological properties of their environment among other factors (Greve and Binzer, 2004). To
understand the global distribution of marine angiosperms, several biogeographical models have been
developed and this work is based in the proposal of Short et al. (2007). In this model, six bioregions are
presented: four temperate, and two tropical zones. In the present work, Bioregion 6 (Temperate Southern
Oceans) has been chosen to review the conservation status of marine angiosperms showing priority
needs. In this regard, a total of 18 species are reported to grow in this bioregion, where 4 Australian
endemic species belonging to the genus Posidonia show the highest interests for conservation: P.
angustifolia Cambridge & J.Kuo, P. australis Hook.f., P. ostenfeldii Hartog and P. sinuosa Cambridge
& J.Kuo.

Biodiversity loss is one of the world's most pressing environmental problems as a large proportion of
the world's flora is considered to be endangered (Maunder et al., 2014). Several threats have been
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specifically documented for marine angiosperms and, therefore, conservation actions are of great
importance to ensure their long-term survival. Basically, conservation actions can be grouped into two
main categories: in situ and ex situ strategies.

In situ measures imply the conservation of biodiversity in its natural habitats such as the establishment
of a network of Natural Protected Areas (NPASs) or in situ management, and monitoring of wild
populations. EX situ conservation strategies complement the previous ones, and are aimed to the
preservation of the biodiversity outside the natural habitats, mainly in germplasm banks by storage or
cultivation of plant cells, tissues and organs (Heywood, 2015).

Previous works on these four species date back to the assessments published in 2010 by the International
Union for Conservation of Nature (www.iucnredlist.org). However, as the concern in marine and coastal
biodiversity preservation is currently increasing, new information attaining to the conservation of these
species is being published. Therefore, the goal of this work was to review the advances in their
distribution, population dynamics, specific threats, as well as the conservation strategies applied to these
species in southern Australia in order to update our scientific knowledge on the conservation status of
these species.

Materials and Methods

To achieve our objective, a search of literature was done using the scientific databases ISI Web of
Science (https://webofknowledge.com/, accessed on 18 June 2021, and Google Scholar
(https://scholar.google.com/, accessed on 18 June 2021). In addition, information reported in reputed
biodiversity databases such as IUCN Red List of Threatened Species, World Flora online, The Plant List
and the Global Biodiversity Information Facility (GBIF) was checked in order to update the state of art
on this topic.

Our search was performed considering all works published in the period comprised between 1979 and
June 2021. The search strategy was based in the equation: ("Posidonia sinuosa" OR "Posidonia australis"
OR "Posidonia angustifolia” OR "Posidonia ostenfeldii') AND (seagrass OR "marine angiosperm")
AND (conserv* OR distribution OR "population dynamic™ OR "population decline” OR preserv* OR
status OR protection OR threat*) AND (Australia). Finally, some inclusion and exclusion criteria were
applied, and 38 sources were obtained, and analyzed in the present study.

Results and Discussion

The results obtained in the present review confirmed that the distribution range of the four species
considered has not been extended during the last decade, and they remain entirely endemic to southern
Australia. P. australis and P. sinuosa have a wide distribution area, and they also benefit from a
remarkable number of studies. However, there is little information on the presence of P. angustifolia and
P. ostenfeldii making it difficult to monitor their current distribution (Carruthers et al., 2007; Bastyan
and Cambridge, 2008; Short et al., 2011; Statton et al., 2012).

A large annual population decline has been documented since the beginning of the 21% Century for both
P. australis (1.8%), and P. sinuosa (1.2%) due to the threats described in Short et al. (2011). In addition,
specific threats to each species have been also documented, such as the increased brine from desalination
plants for P. australis (Cambridge et al., 2019), and desiccation (Horn et al., 2009), high nutrient
concentration (Bryars et al., 2011), and intrusion of sulfide and heavy metals for P. sinuosa (Fraser and
Kendrick, 2017). As far as P. angustifolia and P. ostenfeldii concerns, there are very scarce data on
population trend, which limits the accurate knowledge about these species’ distribution and population
viability. The same situation is found for threats, and conservation strategies. Generally, a higher number
of reports concerning in situ conservation strategies are found when compared to those devoted to ex
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situ approaches. This fact can be due to the difficulties in establishing germplasm reservoirs out of their
natural habitats for these species, as obtained by Irving et al. (2010). For instance, it could be very
challenging to establish usual seed collections in gene banks, as seeds from these species are reported to
be sensitive to desiccation, (Franchi et al., 2011). Alternative methods for ex situ conservation (such as
seedling culture in aquaculture tanks) have been developed (Ganassin and Gibbs, 2008; Statton et al.,
2012). However, further studies are necessary to see whether these approaches could offer a viable
alternative for ex situ conservations strategies, and long-term preservation of these species.

Conclusions
Based on the results obtained, the following conclusions can be stated:

The general information obtained on distribution, population, threats and conservation actions is
variable depending on the considered species. While P. australis is the most studied species
(followed by P. sinuosa), there is very scarce updated information on P. angustifolia, and P.
ostenfeldii during the last 15 years.

P. australis and P. sinuosa are the species with the highest number of implemented conservation
strategies. In general, in situ conservation actions (such as transplantation and restoration) are
the most widely used for the conservation of these two species.

Seed banking or cultivation of these marine plants in aquaculture tanks (ex situ conservation)
are very complicated as Posidonia seeds are reported to display low desiccation tolerance, and
low propagation rates under in vitro culture conditions.

Efforts should be focused on studying in more detail both P. angustifolia and P. ostenfeldii, as
there is still little information available on all items considered.

References

Bastyan, G.R., Cambridge, M., (2008). Transplantation as a method for restoring the seagrass
Posidonia  Awustralis.  Estuarine Coastal and Shelf Science 79 (2), 289-299.
https://doi.org/10.1016/j.ecss.2008.04.012

Bryars, S., Collings, G., Miller, D.J., (2011). Nutrient exposure causes epiphytic changes and
coincident declines in two temperate Australian seagrasses. Marine Ecology Progress Series 441,
89-103. https://doi.org/10.3354/meps09384

Cambridge, M. L., Zavala-Perez, A., Cawthray, G. R., Statton J., Mondonc, J., Kendrick, G.A.,
(2019). Effects of desalination brine and seawater with the same elevated salinity on growth,
physiology and seedling development of the seagrass Posidonia australis. Marine Pollution
Bulletin 140, 462-471. https://doi.org/10.1016/j.marpolbul.2019.02.001

Carruthers, T.J.B., Dennison, W., Kendrick, G.A., Waycott, M., Walker, D.l., Cambridge, M.,
(2007). Seagrasses of south-west Australia: A conceptual synthesis of the world’s most diverse
and extensive seagrass meadows. Journal of Experimental Marine Biology and Ecology 350, 21-
45, https://doi.org/10.1016/j.jembe.2007.05.036

Den Hartog, C., Kuo, J., (2006). “Taxonomy and biogeography of seagrasses”, en: Larkum,
W.D., Orth, R.J., Duarte, C.M. Seagrass: Biology, Ecology and Conservation, The Netherlands:
Springer, 1-23.

Duarte, B., Neto, J.M., Marques, J.C., Adams, J.B., Cacador, I., (2017). Marine angiosperm
indices used to asses ecological status within the Water Framework Directive and South African
National Water Act: Learning from differences and common issues. Ecological Indicators 83,
192-200. https://doi.org/10.1016/j.ecolind.2017.07.032



https://mol2net-07.sciforum.net/
https://doi.org/10.3354/meps09384
https://doi.org/10.1016/j.marpolbul.2019.02.001
https://doi.org/10.1016/j.jembe.2007.05.036
https://doi.org/10.1016/j.ecolind.2017.07.032

MOL2NET, 2022, 7, ISSN: 2624-5078 5
https://mol2net-07.sciforum.net/

7.

10.
11.

12.

13.

14.

15.
16.
17.

18.

19.

20.

21.

22.

Franchi, G.G., Piotto, B., Nepi, M., Baskin, C.C., Baskin, J.M., Pacini, E., (2011). Pollen and
seed desiccation tolerance in relation to degree of developmental arrest, dispersal, and survival.
Journal of Experimental Botany 62 (15), 5267-5281. https://doi.org/10.1093/jxb/err154

Fraser, M.W., Kendrick, G.A., (2017). Belowground stressors and long-term seagrass declines
in a historically degraded seagrass ecosystem after improved water quality. Scientific Reports 7
(1), 14469. https://doi.org/10.1038/s41598-017-14044-1

Ganassin, C., Gibbs, P.J., (2008). A review of seagrass planting as a means of habitat
compensation following loss of seagrass meadow, Cronulla, Australia: NSW Department of
Primary Industries — Fisheries Final Report Series.

Google Scholar, (2021). Retrieved 18 February 2021, from https://scholar.google.com/

Greve, T. M., Binzer, T., (2004). “Which factors regulate seagrass growth and distribution?”, en:
Borum, J., Duarte, C.M., Krause-Jensen, D., Greve, T.M. European seagrasses: an introduction
to monitoring and management, EE.UU.: The M&MS project, 19-23.

Heywood, V.H., Dulloo, M.E., (2015). In situ conservation of wild plant species. A critical global
review of good practices, IPGRI Technical Bulletins n°® 11, Roma: International Plant Genetic
Resources Institute.

Horn, L.E., Paling, E.l., van Keulen, M., (2009). Photosynthetic recovery of transplanted
Posidonia  sinuosa, = Western  Australia. ~ Aquatic  Botany 90  (2),  149.
https://doi.org/10.1016/j.aquabot.2008.08.002

Irving, A.D., Tanner, J.E., Seddon, S., Miller, D.J., Collings, G., Wear, R.J., Hoare, S.L., Theil,
M.J., (2010). Testing alternate ecological approaches to seagrass rehabilitation: Links to life-
history traits. Journal of Applied Ecology 47 (5), 1119 — 1127. https://doi.org/10.1111/].1365-
2664.2010.01852.x

IUCN Red List of Threatened Species, (2021). Retrieved from https://www.iucnredlist.org/

ISI Web of Science, (2021). Retrieved 18 February 2021, from https://webofknowledge.com/
Maunder, M., Guerrant, E.O., Havens, K., Dixon, K.W., (2004). “Realising the full potential of
ex situ contributions to global plant conservation”, en: Guerrant, E.O., Havens, K., Maunder, M.
Ex situ plant conservation. Supporting species survival in the wild, Washington, DC: Island
Press, 389-418.

Papenbrock, J., (2012). Highlights in Seagrasses’ Phylogeny, Physiology, and Metabolism: What
Makes Them Special? ISRN Botany, 1-15. https://doi.org/10.5402/2012/103892

Short, F., Carruthers, T., Dennison, W., Waycott, M., (2007). Global seagrass distribution and
diversity: A bioregional model. Journal of Experimental Marine Biology and Ecology 350, 3-20.
https://doi.org/10.1016/j.jembe.2007.06.012

Short, F.T., Polidoro, B., Livingstone, S.R., Carpenter, K.E., Bandeira, S., Bujang, J.S.,
Calumpong, H.P., Carruthers, T.J.B., Coles, R., Dennison, W., Erftemeijer, P., Fortes, M.,
Freeman, A., Jagtap, T.G., Kamal, A.H.M., Kendrick, G.A., Kenworthy, W.J., Nafie, Y.,
Nasution, 1., Orth, R.J., Prathep, A., Sanciangco, J.C., van Tussenbroek, B.l., Vergara, S.,
Waycott, M., (2011). Extinction Risk Assessment of the World's Seagrass Species. Biological
Conservation 144(7), 1961-1971. https://doi.org/10.1016/j.biocon.2011.04.010

Short, F.T., Short, C.A., Novak, A.B., (2016). ”Seagrasses”, en: Finlayson, C.M., Milton, G.R.,
Prentice, R.C., Davidson, N.C. The Wetland Book Il: Distribution, Description and
Conservation, Dordrecht: Springer, 73-91.

Short, F.T., Carruthers, T.J.R., Waycott, M., Kendrick, G.A., Fourqurean, J.W., Callabine, A.,
Kenworthy, W.J., Dennison, W.C., (2010a). Posidonia angustifolia. The IUCN Red List of



https://mol2net-07.sciforum.net/
https://doi.org/10.1093/jxb/err154
https://scholar.google.com/
https://doi.org/10.1016/j.aquabot.2008.08.002
https://doi.org/10.1111/j.1365-2664.2010.01852.x
https://doi.org/10.1111/j.1365-2664.2010.01852.x
https://www.iucnredlist.org/
https://webofknowledge.com/
https://doi.org/10.5402/2012/103892
https://doi.org/10.1016/j.jembe.2007.06.012
https://doi.org/10.1016/j.biocon.2011.04.010

MOL2NET, 2022, 7, ISSN: 2624-5078 6
https://mol2net-07.sciforum.net/

23.

24.

25.

26.

Threatened Species 2010: e.T173336A6993874. http://dx.doi.org/10.2305/IUCN.UK.2010-
3.RLTS.T173336A6993874.en

Short, F.T., Carruthers, T.J.R., Waycott, M., Kendrick, G.A., Fourqurean, J.W., Callabine, A.,
Kenworthy, W.J., Dennison, W.C., (2010b). Posidonia australis. The IUCN Red List of
Threatened Species 2010: e.T173333A6993340. http://dx.doi.org/10.2305/I[UCN.UK.2010-
3.RLTS.T173333A6993340.en

Short, F.T., Carruthers, T.J.R., Waycott, M., Kendrick, G.A., Fourqurean, J.W., Callabine, A.,
Kenworthy, W.J., Dennison, W.C., (2010c). Posidonia ostenfeldii. The IUCN Red List of
Threatened Species 2010: e.T173379A7003559. http://dx.doi.org/10.2305/IUCN.UK.2010-
3.RLTS.T173379A7003559.en

Short, F.T., Carruthers, T.J.R., Waycott, M., Kendrick, G.A., Fourqurean, J.W., Callabine, A.,
Kenworthy, W.J., Dennison, W.C. (2010d). Posidonia sinuosa. The IUCN Red List of Threatened
Species 2010: e.T173349A6996688. http://dx.doi.org/10.2305/IUCN.UK.2010-
3.RLTS.T173349A6996688.en

Statton, J., Cambridge, M., Dixon, K., Kendrick, G.A., (2012). Aquaculture of Posidonia australis
Seedlings for Seagrass Restoration Programs: Effect of Sediment Type and Organic Enrichment
on Growth. Restoration Ecology 21 (2), 250-259. https://doi.org/10.1111/j.1526-
100X.2012.00873.x



https://mol2net-07.sciforum.net/
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173336A6993874.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173336A6993874.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173333A6993340.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173333A6993340.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173379A7003559.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173379A7003559.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173349A6996688.en
http://dx.doi.org/10.2305/IUCN.UK.2010-3.RLTS.T173349A6996688.en
https://doi.org/10.1111/j.1526-100X.2012.00873.x
https://doi.org/10.1111/j.1526-100X.2012.00873.x

