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BACKGROUND

At presenf there are an extremely limited number of direct strategies to promote ecelerate coral

recovery following disturbances. Tadi  § SQa 5SLI NI YSyd 2 FDifisionoR | YR bl i
AquaticR& 2 dzNDS & Q 05! westorGtideNdOB gidinlfosudzdrd NP # SIA Sa (2 woOt S|
by removing algae to pnoote new coral settlemerand transplanting urchins to keep theergrowth

from returning This projecseeks to test whethen situnurseriefora O2 NI f & 2 % 2 KIRIDKI dz)08 i
then transplanted onto injured reeése viable additions tb | ¢ D&andgement toolkit

METHODOLOGY

Fragment treatment include: reattached to the substrate, tagged and left unattachedyraptetely
cleared. A total of 90 fragments (6 capitate,74 P. compres9are inclued in these experimental
plots(Fgurel). All fragments are measured to calculate the starfinglogical VolumeBenthic
photoguad images are taken of each treatment area tdyere benthic cover within the scar.

DAR staff from the Aquatic Invasive Species (AIS) team supported the nursery project team with a vessel,
divers, and some monitoring supplies including the photoquad camera and frame. Faculty from HIMB
supported the poject team in finalizing the experimental design and monitoring protocols.

Figure 1. The project team establishing experimental treatment areakia n e ‘Bay lickockwise from
top left) locating and mapjng the experimental treatment areas, prepping the reattachment area,
tagging and reattaching coral fragments, and the final tagged and reattached coral fragments.
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At the HIMB nursery, 48 coral fragments were transferred ffamy S Ba¥ # $ne of three nursery

sites (Figure 2). The fragments were taken from the treatment area where alweralcleared from

the space. The fragments were epoxied to a coral fragment plug and the plug was attached to the table
using a silicon tubing. The table space next to each fragment was tagged to identify the fragment. These
fragments were also mea®d for Ecological Volume calculations and an overhead image was taken for
radial growth measurements using ImageJ.

The nursery fragments were monitored by project staffidekly taking growth measurements to
calculate Ecological Volume and overhead e@sad=nvironmental variables were also tracked (e.g.
temperature, water motion, and sedimentation).
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Figure 2. The project team transferring coral fragmentdvidntipora capitataand Porites compressdom K & n e ‘Bayh e
patch reefs to the HIMB nursery(clockwise from top let) fragments are attached to plugs with epoxy, fragment plugs are
attached to the nursery table with a silicon tube, the space next to the coral fragment is tagged with a plastic tag, and
multiple fragments are arranged and spaced thre nursery table.



PROJECITATUS

Between 9/2016 and 6/2017 significant progreas beermadewith setting up experimentafeatment

areas and transferring coral fragments to the HIMB nurg&gpendix A In January 2017, the project
teamhasestablished experimental treatment aresteight boat strike scars on five patch fieewithin

Y n y S Ba¥ kduding the creation of datasheets, final experimental design, protocols to map and treat
boat scars, athmonitoring protocolsIn April 2017, these locations were revisited and the team

measured each fragment in the experimastwell as took a second round of benthic photoquad images

The project team has made substantial progress on project deliverables (TaldelR)erables are
collected as they are completed and will be presented to DAR at the completiienproject. The dates
on this original deliverables table have been modified due to a delay in the start of the progteam

is currently working towards a coral restoration workshop in July where they will work with partners to
document the otcomes of the event and incorporate them intoiarsitucoralnursery guide.

Tablel Progress made on project deliverables as of 6/2017.

Deadline |Item Status

Method analysis report and presentation to DAR on in situ coral nursery

4/30/2016 | design and site selection Complete
Method analysis presentation to DAR on in situ coral nursery design and

5/31/2016 [site selection Complete

6/30/2016 | Monitoring and analysis plan Complete

9/30/2016|GIS map of tagged corals Complete

9/30/2016 (2 pilot in situ coral nurseries populated with corals Complete

9/30/2016 | Report to DAR on construction and final layout of coral nurseries at HIMB |Complete

3/31/2017|Coordinate a learning exchange with coral nursery practitioners In progress

Develop key elements for successful in situ coral nurseries in Hawai‘i based
4/30/2017 |on learning exchange

5/31/2017 |Write final report on learning exchange outputs and interview findings

6/30/2017 | Report to DAR on survivorship of corals after 3 months Complete

6/30/2017|Quarterly update on survivorship of tagged corals Complete

7/31/2017 | Report to DAR detailing the success of corals in HIMB nurseries

9/30/2017 |Write in situ coral nursery guide content

10/31/2017|GIS maps showing final survivorship of tagged fragments

Final report and 2 pager to DAR on effectiveness of using corals of
10/31/2017 |opportunity including lessons learned and next steps

10/31/2017|GIS maps and graphs of coral success within coral nurseries

Final report and 2 pager to DAR on effectiveness of using in situ nurseries
10/31/2017 |including lessons learned and next steps

10/31/2017|Conduct layout and design of guide

Summary of individual successes and lessons learned with coral nursery
12/31/2017 | practitioners




INTERIM RESULTS

The project team has been monitoring the growth and survivorship of coral fragments BathynS ~ 2 K S
Bay boat strike scars atitk HIMB nursery sites. In addition, the team monitored environmental
variables (temperature, water motion, and sedimentation) at each of the three nursery sites. This
monitoring will continue with the help from the Hollings Scholar program in Summér 201

Boat Strike Scar Sites

Survivorship

As of April 2017, 90 out of 96 (94%) coral fragments that were tagged on boat strike ¥oarg i ~ 2 K S
Bay have been found and are alivgttached and loose fragments had the same surviva{oate

fragment died foeach treatment) andour of the loose, tagged fragments could not be found (Figure 3).
All missing fragments came from either Reef 15 or Reef 16, the dead fragments were found on Reef 15
and Reef 20A particularly interesting finding was that one fragttead fused back to its parent colony,

the tag was intact buhe fragmentwas indistinguishabliegom the colony. Additionally, one unattached
fragment was found 85cm from the original experimental plot.

This metric will be measured again in Summei7201
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Figure 3 Survivorship of experimental fragments at boat scar sitels ia n e ‘Bayim April 2017.



Growth

TheEcological Volumef experimental fragments in boat strike scars increased from an average of
1.39cniin January 2017 to 36.908yanincrease of 2554%Figure 4).Growth was evident as coral
tissue was found growing over zip ties and identification tags on several fragfieataverage growth
rate of fragments in the experiment was 25.47ower three months, or 8.49chper month. In April
2017, thelargest coral fragment was 127.6Td@m fragment oM. capitataon Reef 12), while the
smallest was 3.68chfa fragment oP. compressan Reef 20).
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Figure4 A comparison of theEcological Volumef experimental coral fragments in January 2017 and Ag617 n=90Q

The project team measured growth rate related to three factors: species, treatment, and reef location
(Figure 5).Comparing the two experimental specilbk,capitatafragments had alightlyhigher average
growth rateof 15.64cniymonth (Figire 53). The average growth rate Bf compressfiagments was
15.64cn¥/month. The project team also compared the average growth rate fragments that had been
reattached to the substrate versus fragments that had been left unattached (Figure 5b). pAls2f1X,

the fragments left unattached a higher growth rate (14.4%wemnth) compared to the reattached
fragments (9.79 cAmonth). Comparing between the study reefs, Reef 19 had the highest growth rate
(13.09 cni¥month), while Reef 15 had the lowe8tg3 cni/month) (Figure 5c).
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Figure5 Comparison of the average growth rate obralfragments in experimental boat strike scaly a) species, b)
treatment, c)reef number

The project team also considered aver&gelogical Volumia 4/2017 across these parameters (Figure
6). The species with the high Ecological VolumeMasapitata(47.93cmi). Unattached fragments had
a higher average Ecological Volume (44.3kcinterestingly, the reef with the highest average
Ecological Volumeas Reef 12 (58.74cn which was not found to be the reef with the fastest growing
corals (which was Reef 19). In addition, Reef 19 was found to have the lowest Ecological Volume
(30.05cm).

These metrics will also be revisited in Summer 2017.
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Figure 6Comparison of the averagEcological Volumef coral fragments in experimental boat strike scars by a) species, b)
treatment, c) reef number

HIMB Nursery Sites

Survivorship

As of April 2017, only two fragments in the HIMB nursery have diedreiainingt6 fragments (97%)
are alive in the nursery locations. Ghecompressitagment died at the DAR boat site and another
compress& NI 3YSy i RA KR IKI wBKEF é¢a RIS o

Growth

TheEcological Volumef experimenthfragments in the HIMBurseryincreased from an average of
0.9m?in January 2017 to 37.6613, anincrease 08880 (Figurd). The average growth rate of
fragments in the experiment w&6.06cni over three monthsor 12.02m? per month. In April 2017, the
largest coral frgment was 78.6@m° (a fragment oP. compressat the Bridge to Nowhere nurséry
while the smallest was 4.6@7 (a fragment oP. compressat the Knee High Reef nursery
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Figure 7. A comparison of the Ecological Volume of experimental coral fragments in January 2017 and April 2017, n=50.

The project team tested two different ways of measuring growth in the nursery corals: radial growth and
Ecological Volume. As of April 2017, the team felt that Ecological Volume was more of an accurate
assessmennioverall growth as the fragments appear to be growing in a branching pattern as opposed to
spreading out across the fragment p{&agures).
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Figure8 A comparison of twametricsto measure the growth of coral fragments: Ecological Volume and Radial Growth.

The project team compared the Ecological Volume measurements between the three nursery sites. As
of April 2017, the DAR boat site had the largest coral fragments, followed by Knee-high reef, then the



Bridge to Nowhere site (Figure 9). Overall, fragments at all sites showed positive growth trends with
slight downard dips in late February and late March. The team also compared growth rates at the three
sites. Overall, the Knee-high reef site had the highest growth rate (34.87cm3/month), followed by the
Bridge to Nowhere (34.74 cm®*/month) and the DAR boat (13.28 cm3/month).
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Figure9 Averag Ecological Volume of corflagments at each of the HIMB nursery sites between January and April 2017.

Finally, the project team compared average Ecological Volume between the two project species. As of
April 2017, M. capitatafragments have grown larger in comparison with P. compresséragments. M.
capitatafragments also had a higher average growth rate (14.29cm3/month) compared to P. compressa
fragments (10.89cm3/month).
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Figurel0 Average Ecological Volume bf. capitata and P. compressaoral fragments in the HIMB nursery
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Appendix

Appendix A. Project progress table indicating activity related to experimental design, constructiamitoring,
challenges, and next steps.

Experimental
Design

Nursery
construction

Monitoring

Challenges

9/2016

Conducted literature review of 73
articles describingn situcoral
nursery projects and the use of
corals of opportunity, analysis
located in an excel spreadsheet.
Performed arial runrthrough of
coral collecting and attachment
methodologies using a transect ling
and photo quad.

Experimented with an underwater
camera array using three GoPro
cameras attached to a large PVC
frame. Mapped small area of reef
flat at HIMB.

6/2017

Finaized boat strike scar and nursery
experimental design.

Conducted final run through of scar
mapping and coral collection with DAR
partners.

Eliminated underwater camera array
technique from project.

Located and set up experiment at 8 bo
scars on 5 patcreefs inY n y S Ba¥ K
with DAR partners.

Finalized six locations for nursery
tables around HIMB, three reef flat
locations and three lagoon location
Locations were chosen based on
availability of shallow, relatively
calm, sandy substte as well as
accessibility and performance in
previous coral growth experiments
Worked with NOAA Hollings Schols
to build six nursery tables from PV(
and plastic mesh. Deployed the
nursery tables around HIMB.

Finalized attachment method for coral
fragments using frag plugs and silicon
tubing.

Transferred 48 coral fragments to 3
nursery table locations around HIMB.

Attached a trial group of 20 coral
fragments to the six nursery tables
Measured initial growth with Image
Purchased moniting supplies
including temperature and light
loggers (onset pendent for light +
temp), plastic tags (valley vet ship
tags), waterproof paper, and
clipboards

Conducted biveekly monitoring of cora
nursery fragments (e.g. Ecological
Volume measurements ammerhead
images for ImageJ analysis)
Conducted monitoring of boat scar
experimental plots (4/2017) (e.qg.
Ecological Volummeasurements and
benthic photoquads)

Tracked environmental variables
(temperature, light, and water motion)
at three nursery locatius

Finalized method of marking permaner
photoquads with plastic flex tags.

Looking into alternative image

Had turnover in student assistants, will
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Next Steps

collection methods, will be difficult
to return to the exact quadrat
locations.

Experienced issues with the cemer
mixture and firmnessfaoncrete,
need to explore other options

be working with Hollings Scholar
program in Summer 2017

Large wave event overturned coral
fragments at one nursery site, all
fragments were retrieved and
reattached to table

Determine effectiveness ttie
underwater camera arrayy
analyzing final photo mosaic. Test
method on ship scar ¥ n y S B
Wait for delivery of environmental
montoring tools and deploy at
nursery tables

Finalize coral attachment method,
will be trying ceramic coral fragmer
discs and plugs

Plan field days to collect fragments

from ship scars

Meet and assign tasks to Summer 201
Hollings Scholars.

Conduct a second round of monitoring
for environmental variables.

Conduct a second round wfonitoring at
boat scar sites.

Participate in the organization bfl- & |
Coral Restoration Workshop in July 20
Synthesize ouputs from workshop into
| I & Iguide for in situ nurseries.
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