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ABSTRACT 

Coral reef restoration is a fast-growing area of research in many parts of the world. How-
ever, coral propagation and reef restoration in the eastern tropical Pacifie (ETP) have been 
very limited (Guzmân 1991; Linan-Cabello et al. 201 0; Tortolero-Langarica et al. 2014; Nava 
and Figueroa-Camacho 2017; Lizcano-Sandova 'et al. 2018; Torto.lero-Langarica et al. 2019). 
Compared to other reefs worldwide, the ETP is a regi9n with low coral biodiversity and less-
developed reef frameworks (Lépez-Pérez 2017). However, the coral reefs here persist in an 
environment characterized by wide fluctuations. in .temperature, pH, and salinity. Reefs in 
the Golfo Dulce of Costa Rica appear to be particularly resilient. During the 2016 warming 
event, almost all corals in Golfo Dulce were severely bleached for three to four months, but 
most survived. lt is unclear whether the reasons for this are biological (corals conditioned 
to withstand extremes, high food availability) or physical (nutrients, mixing). For whatever 
reason, the resilience of these corals is a sound reason for developing techniques for their 
propagation and outplanting. We describe here the results_from the fir~t three years ~f coral 
propagation in an underwater nursery in Golfo Dulce and pilot outplantmg at several sites on 
Golfo Dulce reefs. We also provide a summary of what was learned about re~f ~ropagation 
and restoration techniques for the major ETP corals, as well as some unant1c1pated chal-
lenges of reef restoration in general. 

IN'fRODUCTION 

Eastern.Tropical Pacifie 
Coral reef ecosystems of the ETP extend from the Gulf of California to Ecuador, including the 
0cean1·c · l d f R ·u . d c1· perton Cocos Malpelo, and Galapagos. The recent and 1s an s o eVI ag1ge o, 1p , ' . . · 
compreh • b k z R ,r. if the Eastern Tropical Pacifie edited by Peter Glynn, Derek ens1ve oo Cora ee1s o 
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h (2017a) provides extensive background on these reefs and Manzello, and Ian Enoc s · 1 1 h ' \Ve su 
. 1 t l (2017b) points here, part1cu ar y t ose that are 1 ll!-manze some of the G ynn e a · re evant t 

current-day restoration efforts. . b 
1 

. 0 

0 h. condt'ti'ons along the ETP coast are dnven y ocal wmds (including ceanograp 1c b d str
0 al . d ) ddies and interaction with the eastern oun ary currents. Surfac ng season gap wm s , e , (F dl d , e Water 

are typically warm and have relative~y low sali~ity and pH te er an Lavm 2017; Glynn et al~ 
2017b). Regions of seasonal upwellmg can brmg m~ch cool~r, low pH_ ':aters to the surface 
such that many corals along the ETP are exposed to h1ghly variable cond1t1~~s and high rates of 
bioerosion (Alvarado et al. 2017). The ETP is strongly affected by the El Nmo Southern OsctJ 
lation (ENSO), and warm ENSO events have caused ~despread mor_tality of ETP corals in th~ 
years 1982-1983 and 1997-1998, which caused massive coral bleachmg and mortality ( Corté 
et al. 1984; Glynn 1984; Jiménez 2001), and most recently i~ 2016 (Alvarado et al. 2020). 8 

ETP reefs are isolated from most other Pacifie reef regions by the Eastern Pacifie Barrier 
a vast expanse of ocean separating the Central and Eastern Pacifie, across which few dispers'. 
ing larvae can survive. Only 47 species of scleractinian corals have been identified in the ETP 
( Cortés et al. 2017), compared to about 72 species in Hawaii, and more than 600 in the Coral 
Triangle (Veron et al. 2015). The main coral genera of the ETP are Pocillopora, Porites, Pavona, 
and Gardineroseris (Glynn et al. 2017b). 

The isolation has resulted in a shift in life-history strategies of ETP coral species from those 
of their western Pacifie counterparts, favoring autotrophic larvae that can travel long distances 
(Baird et al. 2009). In the western Pacifie, Pocillopora damicornis is usually a monthly brooder, 
but in the ETP it appears to be a monthly broadcaster. Similarly, while species within the gen-
era Porites and Pavona normally spawn annually, in the ETP they appear to spawn over several 
months (Glynn et al. 2017c). This shift in spawning strategies likely reflects natural selection 
within a patchy geographic distribution of reefs and an environment with frequent distur-
bances (Glynn et al. 2017c). 

Regardless of the rather harsh environment and low coral diversity of ETP reefs, there are 
many reasons to study their capacity for reef restoration. First, these reefs and coral communi-
ties support high-marine biodiversity (Cortés 1997; Cortés et al. 2017) and thus are essentialin 
the life support of the tropical marine ecosystems here. Second, the corals appear to be resilient; 
they have demonstrated an ability to survive months of severe bleaching and an ability to recover 
(in terms of coral cover) following bleaching events, despite the Iow rates of coral recruitrnent 
(Glynn_ et al.' 2017c). Third, the relativ~ ecological simplicity of these systems, at least in ter~:of 
coral divers1ty, allows one to more eas1ly understand the response of the system to restorat!O_ · 

In addition, for the Costa Rican Pacifie, the additive impacts of pollution, invasive species, 
etc., are relatively low. In Costa Rica, marine conservation is gaining attention similar to that 
applied to their terrestrial environments; e.g., the recent decree by the Costa Rican goverIUilent 
to protect Costa Rican coral reefs-"Promotion of restoration and conservation initiatives f~r 
the recovery of coral ecosystems" (Excecutive decree No41774_MINAE, June 6, 2019). r;s 
cas~ stu~y describes findings from the first three years of a coral propagation and outplant g 
proJect m Golfo Duke, a small embayment of the Costa Rican Pacifie (Cortés 2016). 

StudySite 

The Golfo Duke is a deep basin with a shallo .11 h d. . d by a shall0; 
narrow shelf (Hebbeln and Cortés 2001· Cort ":2s01l6at) the entrance an isalrunmale reefs andcO d 

• • (F' ' es t at supports sever cor d a11 commumttes 1gure 16.1). The main impa t h . . froJ1l lan 
c s on t ese reefs are sedimentat1on 
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Fi~u~ 16.1_ Cor~I _reefs and coral communities in Golfo Dulce, South Pacifie coast of Costa Rica. 
This figure Is mod1f1ed from Cortés (1990). Numbered locations show areas with coral reefs and 
coral communities. The underwater nursery is located near Punta El Bajo (Nicuesa). 

warm water events. Wh.ile the threat of sedimentation has decreased due to improved land-use 
practices, the threat of climate change continues to increase. In fact, the start of the restoration 
effort was delayed for many months because of severe bleaching of Golfo Duke corals between 
February and May of 2016. Several potential outplanting locations were identified based on 
previous studies by Jorge Cortés and Juan José Alvarado, whose combined body of work on 
Golfo Duke corals and reefs document their historical development as well as recent cycles of 
degradation/recovery (Cortés and Murillo 1985; Cortés 1990; Cortés 1991; Cortés 1992; Cortés 

etal. 2010; Alvarado et al. 2015). 
~n September 2016 a pilot coral restoration project was installed in Golfo ~ulce, Costa Rica 

~Villalobos-Cubero 2019). The goal of the project was to evaluate pro~agat10~ and outplant-
ing tech · f f b . d from the most common spec1es: Pontes lobata and 

niques o ragments o taine . . . P. ever . . d P. fi d•f.era· and Pocillopora spp. (tentatively 1dent1fied 
manm; Pavona giuantea an . ron 'J' ' d as P. dam. . 0 • • mens of Psammocora spp. were also propagate on an 

e:x:pe . icorms and P. edouxi ). Spec1 fi t ration The propagation was restricted to an 
in s·tnmental basis, but were nota ~arget 

0
°r r;~.; The ~nderwater nursery initially consisted 

of fi1 u nursery located near 8°39.3 N, 83 16· · 1 1 monitored for growth in relation to 

0 
. our tree structures in which fragments werehc os~thy'n the tree and temperature. During 

rient r · · (dept ) Wl 1 ' the ion, initial fragment size, position . lude four additional tree structures and two 
th1rd year the nursery was expanded to me 

rop e structures. 
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TECHNIQUES AND METHODS 
Several members of the restoration team rec~ived training at the Mote Marine Lab 

1 t
·on a1td reef restoration techniques, and adapted the coral tree t oratory . 

cora propaga, 1 d · th c "bb ech · 1n 
scribed by Nedimyer et al. ( 2011) that is wide y ~se m e an ean ( Schopmeyer e nique de. 
fur propagation of ETP ,oral spedes. Construcaon of rope structures followed the dt al. 20111 
• F . 'T' t 1 (

2
018) Each structure was placed approx1mately 3-5 m f escript· m nas- 1orres e a . • . rom th ion 

in waters 8-12 m deep. A single tree held approx1mately 150 Pavana and Po rites f e surf ac 
72 Pocillopora fragments. Each rope structure had a capacity of 200 Pocillopora f ragn,,,o 0

1 

Coral donors were identified across several different reefs in Golfo Duke andraginents. 
1 

with a numbered plastic tag nailed into adjacent hard substrate. Photographs, date:~:e lllarked 
depth, and GPS coordinates of each donor were recorded. Samples of Porites and p arnplin& 
obtained with hammer and chisel, and samples of Pocillopora were obtained by b avona were reak' 
branches from the colony. Less than 10% of a colony was taken from each do Inga few 
possible, fragments of opportunity were obtained, assuming they were derived ~~r, a

nd 
when 

Pocillopora samples were further fragmented to approximately 2-4 cm 1 
and each labeled fragment was suspended in the tree structure with mon fil ong branches, 
16.2(a)). A few fragments were first glued onto ceramic dises, which were th 

O 1 
ament (Figure en suspended With 

(a) t,, 

Figure 16.2 (a) Tree s 
branching corals; and ructure for growin b , (c) growth of Pocillo 9 ranchmg corals· (b) rope structure for groW 

para frag ' ment over polypropylene line. 
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fil~,,,,ent, but this step was deemed unnecessary after a ,..ew th p, -
11 

l 
0no <l'" b . . 11 mon s. ocz opora were a so 

J1l in rope structures Y msertmg fragments directly between the twines of twisted rope 
gr~':e 16.Z(b), {~)!' The proje~t ~rst teSted natural fi.ber rope, such as hemp and manila (¾" 
(~Îe) but these dismtegrated withm three months, so all lines were replaced with nylon or poly-
Wl 'iene rope. Fragments of the same donor were segregated by rope so that a single donor 
P~:irwas required for each rope. Regardless of the method, all fragme~ts overgrew the line or 
la 'thin one to two months. 

1 . f 
porites and Pavana samp_ es were micro- ragmented using a Gryphon Aquasaw with a 

diamond blade, and each mi~ro-fragment was attached to a ceramic disk with thick super 
These were then placed m small egg-crate trays that were suspended in the tree nursery 

gl~~ monofilament line (Figure 16.3(a)). All ceramic disks were labeled and recorded ac-
wit ding to don or. Most coral fragments had grown over the exposed skeleton of the micro-t: ments and onto the ceramic dise within one to two months. Early deployments of Porites ~J Pavana experienced heavy mortality caused by triggerfish bites (Balistes poly~epis ). :las-
. mesh grid {lxl cm squares) was placed over coral trays to eliminate fish predat10n (Figure 
~;.3(b)). While these grids resolved the fish bite problem and increased survivorship, t~ey 
also became overgrown with algae and other fouling organisms, requiring frequent cleanmg 
(Figure 16.3(c)). 

----- . 1 . (b) egg-crate tray with ceramic disks 
~igure 16 3 (a) Tree structure for growing mass1~e c~dr~as~d (c) growth of Pavona fragments after h / · • d 'th plastic gn , 0 ding Porites fragments and protecte wi 10 months. 
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MONITORING 
Severa! nursery structures were fitted with HOBO® Water Temp Pro v2 dat 1 
set to record the temperature every 10 or 15 minutes. The same type of sen a ogg,r, ¾ 

d 
. ·1 t sor wa 1 We 

at each outplant site. The data documente s1m1 ar emperature fluctuation 
8 
a s0 pl re 

h 11 
• s acro ac 

though deeper sites were slightly cooler than s a ower sites. Of note in thi . ss aJI sit 
of strong tempe rature fluctuations that coin ci de with the tidal cycle (Fisur: ;egion are p,:~ ij. 
appear to reflect cool water intrusions at a depth that contributes to the c 

6
·
4

); these e 
1

0ds 1ormar ve01. 

low thermocline. Because the sensors remain at a fixed level that is relati ion of a h l/j . al . ve to th b s al 
verbe nse and fall of the thermocline are reflected in the temperature re d e ottotn · 'th h cor Du· •1he 
Wl a strong t ermocline, the nursery corals experience twice-daily tem · ring per' 
of up to 9°C. perature fluet ~O 
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Figure 16.4 Monthl 
August 2019 (from H6~~~peratures (oC) at the G temperature sensors P~~oe Dulce coral nursery, February 2017 throi\ 

d on the top branch of Tree 2 in the nurs rf 
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F agment growth was monitored with a comb' . 
r Ph matton of hl . r measurements. otographs of each d' k mont Y photographs and Vernier ahpe . h" h ts were analyz d . c t al 2012), m w ic the area of the fragme t e using ImageJ software (Schnei-der e · . n was calib t d h . re 16.S(a)). Branchmg coral growth was m b ra e to t e known area of the disk (f1gu . ore pro lem r d 
d including wet we1ght, volume displacem t h a tc, an several techniques were teste • en , P otograph · d direct measurement of coral height and width M Y agamst a scaled background, 

an nts provided the valuable information regardin · bi~thly ph~tographs of Pocillopora frag-
rne quantifiable as taking three-dimen • 1 g t coral stze and health, but they were 
not as stona measurements (Figure 16 S(b)) The three-dirnensional measurements were converted to coral volu fi 11 . h · . · . 

·nas-Akhmadeeva (2018), and was co . me O 0 ~mg t e techm~ue descnbed 
by Sah 1 nsidered representattve of the ecological space oc-cupied by the cora . . 

Growth and mortahty of fra_gments in the nursery varied greatly with species. Pocillopora 
fragments had very low mortahty, and grew to outplantable size within 8-12 months. Pavona 
fragments also had ve~y l~w m_ortali~ (5%), and within 6-10 months, often grew rapidly over 
and beyond the ceramic disks, mcludmg over fouling organisms such as barnacles and serpulid 
worms. ln contrast, fragments of the most common species in Golfo Duke, Porites spp., had 
high mortality rates (average 70%), even when grids were used to eliminate B. polylepis bites. 
The high mortality was suspected to be a problem associated with the very small polyps of 
Porites, which decreased their ability to compete with rapidly growing fouling organisms. This 
species was also commonly used by invertebrates as a substrate for laying their eggs. Porites spp. 
grown in a land-based aquarium facility by one of us (Marin Moraga) with highly filtered water 
experienced very low mortality rates, which is evidence that fouling organisms have a negative 
impact on fragment propagation in this species. Porites fragments of opportunity that were 
placed directly on dead coral surfaces at Punta Adela reef in Golfo Duke, p~rticularly those 
protected with plastic grid, also had low mortality rates, perhaps because the gnd allowed small 
grazing fish into the mesh enclosures. 

(b) 

--- . . 9 lmageJ software. Solid colored 
l=igure 16 5 a Exam le of area determination over ~~:ru~:nth/year; black dashed _line shows 
line~ corre.spo~~ to gro~h edge o~ frag~entl :~=:u~=~ents of the branching coral Poc11/opora sp. 
outhne of ceramic disk. (b) Three-dimensiona 
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Test outplantings began once the corals had grown_ to a sufficient size-about 6_8 
for Pavona and Porites and about 8-12 months for Pocillopora. Test outplantings lllonths 

h . d fi Were fir 
formed on the same reefs as the original donors, t en momtore or a year or m st Per. 

d h f h 
ore to e 1 the outplanting method as well as the health an growt O t e outplants. Pavana va Uate 

fragments were outplanted by inserting the stem of the ceramic disk into a hole th a
nd 

Porites 
drilled into the substrate (following the protocol of the Mote Marine Laboratory)· at had been 
epoxy (AquaMend®) was used to hold the fragment in place if the stem did not fit U

n
<lenvate1 

the hole. The coral fragments were typically outplanted in clusters of 10 or more fro=~ty into 
don or to evaluate the fusion process between the fragments (Figure 16.6). Occasionall e same 
ments were planted randomly and alongside small fragments of opportunity that w y, frag. 
directly to a bare coral substrate on the reef. ere epoxied 

Pocillopora fragments were initially outplanted using the nail-and-zip-tie technique· 
water epoxy was occasionally used to stabilize unstable colonies. For Pocillo,pora gro ' _uutler-. h . wnmrop 
nurseries, t e entire rope was transported to the outplant site and tacked to the sub t . e s rate usmg 

Figure 16.6 {a) Pavana . 
gigantea out plants on Ju1J~~~;~ 8~utplants at Punta Gallardo, June 27' 2017; (b) The sarrie . 
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les to secure the rope to the substrate (i u h 
fence staP erformed at five lac t' . p .e., -s aped, double-pointed nails). Test out-
pJantings we;:tcialo Reef. Between t~::::d unta Gal_lardo, Punta Adela,_ Punta Islotes, Punta 
13ejuco, and 1 R 10 calames were outplanted m small clusters with 

. f 10 cm to m. ecent outplantings with h' h spacing O • . • ig er numbers of corals have focused on 
the punta ~slotes and Punta BeJuco reefs. Imtxal survival rates of Pavona outplants were low 
(---S3%) (V11lalobos-Cubero 2019) and reflect almost total mortality of outplants on crystal-
Jine versus carbonate rock surfaces at Punta Gallardo; mortality rates decreased with later 
outplants on old reef s~bstrate at Punta Islotes and Punta Bejuco (Table 16.1). Most Pavona 
outplants exte~ded thex~ gro~~ over the substrate within a few months, and many were fused 
with neighbonng colomes wxthm one year. The initial Porites outplants had a low survival rate 
(41-64%; Table 16.1), which appeared to be due to algal gardening by damselfish that smoth-
ered the outplants. Placing grids over the coral outplants for 6-12 months greatly reduced 
this mortality (Figure 16.7(a)). Porites outplants also fused if they were from the same donor, 
but outplants from different donors were obvious by a distinct line of competition between 
abutting colonies (Figure 16.7(b)). Survival rates of Pocillopora outplants improved from 65% 
to more than 90%, probably because of better outplanting techniques that prevented colo-
nies from becoming dislodged from the surface. Pocillopora grew rapidly over the zip ties but 
often required several months to grow solidly over the substrate and appeared to fuse with 
the substrate more rapidly when epoxy was used (Figure 16.8(a), (b)) . Outplanting rope seg-
ments with multiple coral colonies (Figure 16.8(c)) proved to be a more efficient outplanting 

Table 16.1 Percentage of outplant survival for the first three years of the Golfo Dulce Project. 
Outplant sites are listed from left to right in order of dates of the first outplantings. Note: Punta 
Bejuco is located about halfway between Punta Estrella and lslotes 

Species Punta Gallardo Punta Adela lslotes Punta Bejuco 

Porites spp. 64 41 100 

Pavona gigantea 53 67 100 

Pocillopora spp. 65 100 95 

, ... . ,• 
-~·=:.,1;_~/?r- . . ~-
-:'·':' 

t fk. 
p t Adela reef June 30, 2017. (b) some of the 

sa~re 16.7 (a) Caged Porites spp. outplants at t~n ~age was r~moved in January 2018). Note 
the be Porites spp. fragments October 15, 2019 f( ements from different donors were outplanted ound ' 1 • where rag ad· ary between two lower co ornes 

lacent t 0 each other. 
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. . . tie and showinQ Figure 16.8 (a) Pocil/opora colony (P4) outplanted on May 5, 2018, usmg na1I and 21P
8 

(~) Poci/lopora 
two fragments from the colony epoxied to substrate. (b) P4 on October 15, 201 · b stapling the 
colonies (Donor 12) from the rope structures outplanted on December 11 , 2019, Y 
rope to the substrate and stabilizing colonies with epoxy when necessary. 

di g the . n regar n f method, but this recently employed technique will require further evaluatlO the oid ree 
impact on survival rates of the colonies. The shallowest Pocillopora outplants on talitythaJI 
fiat of Punta Bejuco (1.6-2 m depth) experienced more paling, bleaching, and mor 
Pocillopora outplanted in waters 3-8 m depth. 

1 
ef(PUJl!a 

Based on genetic analyses of 21 samples from Porites colonies on a shallow loca re redoI111' 

Adela) and five fragments in the coral nursery the Pori tes colonies in Golfo Duke are_ p 
115 

studf 
• ' preVl0 ta nantly P. evermanm. The Punta Adela sampling fullowed the methodology fur • . of i Ioh0 d 

at a nearby reef in Golfo Duke (Boulay et al 2014) which showed a 1:2 ratio l reef.a!l 
. . ' Adea to P. evermanni. In contrast, only one of the colonies from the shallower Punta 
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of the nursery corals, was P. lobata S 1 none . . h . . amp ed colonie f P. 
tyPic d1vers1ty, owever, w1th 18 genotyp s O • evermanni displayed good 

geno es represented among th 1 e samp es. 

coMMUNITY INVOLVEMENT VOL 
j\NV CITIZEN SCIENCE ' UNTEERS, 

Educating and engaging local communities about coral . 
b gïnning of the operation. Research to understand h reef reStoration was a priority from the 
;d perceive Golfo Duke reefs was begun several m ~: pbe~ons from loc_al communities use 

·11 1 b C b 2 ) on s eiore the establishment of the coral 
nursery (V1 a o os- u ero 019 . The results revealed st d'f'C . . 

f: b fi h 
rong 1 1erences m percept10n about 

coral ree s etween 1s ermen, people working in tourism d f . 
d h

. h f . . , an non-ree users. lnterv1ewees 
confirme a ig requency m visitation to coral reefs and communities 1·n th 1c inl k l' Th . . e gu i, ma y 
for snor e mg. e~r perceptt?ns were that sedimentation and agrochemical pollution were the 
main factors affectmg corals m the area. About two-thirds of the interviewees considered the 
Jack of information as a strong obstacle for conservation and management initiatives, and 
the project's work within these local communities has proceeded to close that gap through sci-
entific and public tall<s, presentations in schools, and participation in coastal clean-up events. 
Ali interviewees acknowledged the value of coral reefs and the need to protect them, but they 
did not support the formation of new marine protected areas or restrictions to the use of these 
ecosystems. The project also collaborated with a local non-governmental organization (NGO) 
and an ecolodge to train six persons from nearby communities in open-water <living and safe 
coral gardening and monitoring; these trainees participate regularly in restoration activities, as 
permitted by space on the boat. 

The project has received hundreds of unsolicited requests to volunteer or intern, and many 
such requests are from local communities. The project is dedicated to creating ways to include 
stronger participation with volunteers and interns; however, the remoteness of the Golfo Duke, 
the Jack oflocal cliver support, and the cost of boat rentais have so far postponed the implemen-
tation of a safe and affordable volunteer/intern program. The project has also formed the basis 
for several undergraduate and graduate research pro~ects to evalua~e propagati~n and outpl~t-
ing techniques-and to follow changes in commumty structure, immunolog1cal responses m 
corals, and techniques for tracking coral growth. 

DISCUSSION 
~T . . fi 1 r e-scale evaluation of an underwater coral 

he Golfo Duke restoration proJect is the trSt adg t' • the ETP · It was founded with nu 1 gation an restora 10n m · 
rsery as a tool to accelerate cora propa d d to serve as an example for other 

a vis' . • ffi ally supporte way an ion to restore reefs m a sc1en 1 ic . . . d d by the four principles of successful 
coral restoration projects in the ETP. The proJect_is gm to be informed by historical data and 
rest0ration outlined in Suding et al. (20lS) ~daims to and benefit local communities, and 
future forecasts, (2) ensure ecological integnty,_ (3) ~ngt~fieevaluating the long-term stability of 
(4) b The proJect 1s s 1 . . e sustainable over the long term. d th marine organisms at restorat10n sites, 
rest · • t f corals an ° er al · oration, e.g., tracking recru1tmen o 1 f 1 500 colonies of seven cor spec1es were 
but fui A tota o , d b · · overall, the project has been success . 300 were outplanted an are emg mom-
Propagated in the Golfo Duke nursery, and about 1 . the nursery is maintained at 1,000-
to d f agated cora s m h . · re . The current standing stock o prop ail th project has tested multiple tee mques m 
1,200 corals. While the overall numbers are sm , e 
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. d h . set a baseline for continued research and d tplantmg an as scaJ· both propagation an o~ . les of successful restoration. ing Up 
while adhering to the pnncip . t Porites were easy to propagate and outpl 

th all ral spec1es excep . ant. p 
We found at co . . k d Pocillopora grew equally well m tree and line st avo11a 

species grew well on cer~mi\di; s, ~etween efficiency (line nurseries are most effi :uctures. 
The choice of structure is a a ance .c eriments). C!ent) and 

f . coral fragments 1or exp 
research ( ease o movmg f the proiect so far is the ability to propagate more than h o f the biggest successes o , . . a t 

0 sand ::~onies of Pocillopora, a species tha~ h~d become d1~cult to find m_ t~e natura! enviro~: 
lf O 1 'th this species 1s to re-estabhsh a self-sustammg and genet· ment of the gu . ur goa WI 1cally 

diverse population in Golfo Duke. 

CONCLUSION 
==-=-:....=.:=-=-=-=--=:....:_ _____ ~-----~------------
Adhering to the Suding et al. (2015) pri~ciples has required a slower appr~ac~ than many 
other projects-and less emphasis on scalmg up. How~ver, we _feel that estabhshmg a restora-
tion project in the ETP, where very few coral restoratlon stud1es have been undertaken, was 
necessary within both the ecological and societal approaches. This slow approach to develop 
responsible practices allow us to expand the effort in a manner that is suitable for both research 
and effective ecological restoration. One of the biggest challenges in Costa Rica is the demand 
that is associated with Principle 3; there is a genuine desire among many individuals, busi-
nesses, NGOs, and the government to be part of the solution to the coral reef crisis, and much 
of the project's time and effort has necessarily gone toward guidance and training of other coral 
restoration projects in Costa Rica. 
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