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Among methods of coral reef rehabilitation worldwide, the Reef Ball™ (RB) technology based on ar-
tificial concrete modules mimicking natural reef structures is well-known and has been used for three
decades in more than 55 countries. These modules serve as habitat promoting an increase in fish diver-
sity, as well as appropriate hard substrate for natural coral recruitment and artificial coral transplantation
efforts. The project on implementation of RB method in south-central Vietnam was launched in 2023
using two sets of RB modules in two different coastal marine areas: protected one (MPA) and recre-
ational one (RA). The present study aimed to estimate the efficiency of these structures in promoting
coral recruitment and enhancing fish diversity and abundance. The 1-year exposition of RB modules re-
vealed similar coral recruitment patterns between MPA and RA with the dominance of Porites and Pocil-
lopora. The density of coral recruits was (9.5 * 2.2) and (8 * 2.1) recruits-module™! in MPA and RA,
respectively. In MPA, fish diversity reached 18 species, and abundance was (131 * 6) fish-100m™,
whereas RA exhibited the values of 10 species and (110 * 7) fish-100 m™. The longer, 3-year exposi-
tion of RB modules in MPA revealed 4-fold rise in density of recruits, up to (42.5 + 6) recruits-module ™!,
and overwhelming dominance of Porites in recruitment pool. During this period, fish abundance exhib-
ited 2-fold increase, whereas fish diversity rose to 33 species. This study showed that RB modules can
be effectively used for reef ecosystem rehabilitation in coastal areas with various exploitation statuses;
however, protection from anthropogenic load may significantly enhance the outcome of this technology
in marine environments.
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Over the past three decades, coral reefs have faced a complex negative effect determined by a num-
ber of natural and anthropogenic disturbances: climate change and related ocean warming, together with
an increase in frequency and severity of seasonal anomalies of sea surface temperature (hereinafter SST),
ocean acidification, pollution, coastal reclamation, overfishing, rise in outbreaks of corallivorous preda-
tors, coral bioerosion, and diseases [Burke et al., 2011; Hoegh-Guldberg et al., 2007; Hughes et al., 2018].
At present, more than half of all tropical coral reef structures are considered completely degraded [Bruno,
Selig, 2007; Burke et al., 2011; Eddy et al., 2021]. With the widespread destruction of coral reefs, vari-
ous methods of coral restoration and rehabilitation of reef habitats are becoming increasingly important
worldwide. Deployment of artificial structures to assist the natural coral and fish recruitment processes
is a common practice in many degraded reefs [Sherman et al., 2002].
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Reef Ball™ (hereinafter RB) technology has long been known as one of the effective methods
of coral reef rehabilitation and enrichment of fish abundance and diversity [Barber, 2000]. This method
has been implemented in over 4,000 projects in 56 countries [Barber et al., 2008]. The dome-shaped
RB concrete structures designed by the Reef Ball Development Group Ltd., mimic large, massive coral
heads, which provide a hard substrate for natural coral larval settlement and for artificial transplantation
of coral fragments for further development. Moreover, these structures are important fish habitats pro-
moting an increase in fish diversity. Being deployed on sandy sites where corals normally do not grow,
RB modules serve as the first stepping stone to establish coral reef communities.

Coral reefs in South-East Asia account for 34% of the world total, with the highest coral diversity.
However, almost 95% of the region reefs are at risk of destruction, with more than 50% at high or very
high risk [Burke et al., 2011; Status of Coral Reefs, 2008], and with 11% of mean coral loss during
the last two decades [Status of Coral Reefs, 2020]. The coral reefs of Vietnam, included in South-East
Asia region, are estimated to be highly threatened, with only ~ 2% still being in a relatively healthy stage
and coral cover ranging from 50% to 90% [Dung, 2020; Nguyen, Vo, 2013, 2014; Tkachenko et al.,
2025]. Though the RB method is widely used in South-East Asia, especially in Indonesia [Bachtiar,
2000; Bachtiar, Prayogo, 2010; Kojansow et al., 2013], this technology did not receive much attention
in Vietnam; the only attempt of utilization of RB structures for coral rehabilitation was made in Nha
Trang Bay in 2013-2016 [Ben et al., 2020; Dan, Tuyen, 2017]. The recent project on the implementation
of the RB method in Vietnam was launched by the Joint Vietnam—Russia Tropical Science and Tech-
nology Research Center in 2022. The aim of this study was to estimate the benefit of using Reef Ball
modules in terms of efficiency in promoting coral recruitment, growth rates of transplanted coral frag-
ments, and enhancement of reef fish abundance in the new environment.

MATERIAL AND METHODS

Study sites. RB modules were deployed in two coastal locations of south-central Vietnam, namely
in Nha Trang Bay (Hon Tre Island, Dam Bay, 12°11’41”N, 109°17"26”E, location 1, Khanh Hoa
Province) and in the southern part of a small Hon Nua Island situated 70 km north from the first site
(12°4936”N, 109°23"27”E, location 2, Dak Lak Province) (Fig. 1).

All the modules were deployed on sandy substrates within 3—5-m depth range. Totally, 34 modules
were deployed in location 1 in July 2022, and 30 modules, in location 2 in July 2024. Location 1 represents
amarine protected area (hereinafter MPA) where several coral culture experiments, including the present
one, are ongoing since 2017. However, an extensive outbreak of a crown-of-thorns starfish Acanthaster
cf. solaris in 2015-2020, typhoon Damrey in November 2017, and SST anomaly in June 2019 caused
total degradation of the adjacent natural coral communities around MPA by 2020 [Tkachenko, 2023;
Tkachenko et al., 2020, 2025]. In contrary, location 2 is situated in a tourist recreational area (hereinafter
RA), and it was neighboring natural coral reef in a rather healthy state at the time of RB project launch
in 2024. The mean stony coral cover on this reef was estimated to be 51%, with the dominance of massive
and branching Porites, foliaceous Montipora and Echinopora, and solitary corals Fungia spp. (Tkachenko,
unpublished data). Despite a better initial environment of location 2 in terms of water quality, it is a tourist
area with heavy speedboat daily traffic across the zone of the modules’ deployment.

Both sites are affected by seasonal upwelling driven by strong southwestern winds blowing paral-
lel to the coastline of Central Vietnam. Every summer, May to August, an extremely narrow shelf
of the Vietnamese coast of the South China Sea (the East Sea in Vietnam) between 11°N and 16°N
becomes the center of the monsoon-induced Vietnamese upwelling. It causes the SST to drop by 3-5 °C
in comparison to the temperature of surrounding waters [Kuo et al., 2000]. Thus, annual mean SST + SD
is (+27.73 £ 1.55) °C, with the variation range of 6 °C. Upwelling mitigates SST abnormal seasonal
elevations and allows considering the waters of Khanh Hoa Province as a potential thermal refuge
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for reef-building corals in the western South China Sea [Tkachenko et al., 2016, 2025]. At the same
time, south-central Vietnam is located in the path of tropical cyclones generated within the northwest-
ern Pacific Ocean or in the South China Sea; most cyclones come to the coastline from the southeast.
Cyclones and heavy rains during wet season (October to February) determine remarkably high annual
discharge and sedimentation load from 21 rivers located on the province coastline [Tkachenko et al.,
2025]. A seasonally increasing flow of two streams entering the water area of location 1 may cause tem-
porary drop (up to several days) in sea surface salinity (within a 50-cm layer) from a mean of 32.4%o
to a mean of 27%o, and a rise in sedimentation load from a mean of 6 mg-cm™>-day™! in dry season (March
to October) to a mean of 40 mg-cm™.day™" in wet season (November to February) (Samoilov, Dung,
unpublished data).

Island

Fig. 1. Map showing locations of Reef Ball modules deployment off south-central Vietnam (Khanh Hoa
and Dak Lak provinces). 1, marine protected area in location 1; 2, recreational area in location 2. Stars show
the areas of the development of natural coral reef communities

Puc. 1. Kapra aByx Jiokanuii B mpuOpeKHON aKBaTOPUH I0XKHO-LEHTpaJIbHOr0 BheTHama (MPOBUHIIMU
Kxanb Xoa u lak Jlak), rae Obutn pasmerieHbl Moay/iu Reef Ball. 1 — oxpaHsiemast akBaTOpHst B JIOKaLuu 1;
2 — pekpealuMOHHAsl aKBAaTOPUs B JOKAaUUM 2. 3BE3A0YKAMM MOKAa3aHbl 30Hbl Pa3BUTHUSl €CTECTBEHHBIX
KOPAJJIOBBIX COOOIIECTB

Characteristics of Reef Ball modules. Concrete RB modules were designed in classic dome shape
with sizes as follows: 120 cm in height; 180 and 50 cm in diameter of the lower and upper cross-
sections, respectively; surface area 5.1 m? wall thickness 15 cm; and total weight 1,300 kg (Fig. 2).
Each module was supplied with holes for screwing special pins assigned for fixing coral fragments di-
rectly or fixing the plastic grid with pre-fixed coral fragments. The design of RB modules in the present
project differed from that in previous study [Dan, Tuyen, 2017] by larger sizes and weight, which made
the modules a very stable and durable foundation at any hydrodynamic impacts. In location 1 (MPA),
the exposition of RB modules reached three years (July 2022 — July 2025); in location 2 (RA),
one year (July 2024 — July 2025).
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Fig. 2. Reef Ball modules deployed in two locations. Coral fragments fixed on pins are seen on the right
photo

Puc. 2. Moaymm Reef Ball B aByx snokammsax. Ha npaBom ¢poTo BUnHBI (pparMeHTH KOPaJIJIOB, IPUKpPETI-
JIEHHBIE K CTELaIbHBIM LHITBIPSIM

Sampling and data analysis. Surveys on coral recruitment rates, as well as on growth rates
of coral recruits and transplants, were carried out using SCUBA and in-sifu estimation and measure-
ments with Vernier caliper (precision 0.1 mm). All coral recruits > 5 mm were counted. The largest
dimension of a colony was accepted as the size of a recruit. Two fast-growing and common Indo-
Pacific coral genera were used for transplantation experiments: Acropora (A. muricata, A. intermedia,
A. latistella, and A. hyacinthus) and Pocillopora (P. verrucosa). Linear extension rate was determined
based on change in the transplant length over one year. The distance between two longest branches
was accepted as the length for the estimation of linear extension of branching A. muricata, A. inter-
media, and P. verrucosa. For the same purposes, in planar A. latistella and A. hyacinthus, the largest
diameter of a colony was accepted. In addition, the increment in the number of new branches for ar-
borescent A. muricata and A. intermedia was estimated. The annual survival rates of coral transplants
were accepted as the percentage of survived transplants of a single species over one year. A transplant
was considered dead if it had no living tissue left and/or was covered by other organisms: algae, barnacles,
or ascidians.

The fish abundance and diversity were assessed using fish video belt transect method [Pelletier et al.,
2011; Tessier et al., 2005]. Three belt transects of 25 x 4 m in size were deployed haphazardly within
the area of RB modules’ placement after 1-year exposition of the latter and surveyed simultaneously
by two divers.

Differences in recruitment rates, and growth rates of dominant coral recruits and coral trans-
plants were tested using one-way analysis of variance (ANOVA). Data were tested for homogeneity
of variance (Cochran’s C test) and log-transformed when required [log (x) + 1]. Statistica 8.0 software
for Windows (StatSoft Inc.) was used for calculations.

RESULTS AND DISCUSSION

Coral recruitment and growth rates. Deployed RB modules significantly contributed to the en-
hancement of coral recruitment in both locations. The total number of coral recruits in location 1 (MPA)
after 1-year exposition compiled 319 recruits per 34 RB modules; variation and mean were 7-15
and (9.5 + 2.2) recruits-module ™!, respectively. In location 2 (RA), totally 240 coral recruits settled within
1-year on 30 RB modules, with variation and mean of 4-14 and (8 + 2.1) recruits-module™. Difference
between locations in mean number of recruits per module was not statistically significant (ANOVA,
F =3.736, P = 0.053). The longer, 3-year exposition in MPA showed high coral recruitment rates
[variation 33—60 recruits-module™!, and mean (42.5 + 6) recruits-module™!] and a noticeable [14.7-fold]
increase in proportion of Porites spp. in total number of recruits (Fig. 3).
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Location 1 (MPA) Location 2 (RA)
35 = 1-year exposition 35

3-year exposition
30 30

25

20

Mean number of recruits per module
Mean number of recruits per module

Fig. 3. Recruitment rates (mean * SD) during 1-year and 3-year exposition of Reef Ball modules in loca-
tion 1 (Dam Bay, marine protected area) and 1-year exposition in location 2 (Hon Nua Island, recreational
area)

Puc. 3. Temmbl pekpyTuHra (craTta) KOpasuioB (CpefHee T CTaHAapTHOE OTKJIOHEHUE) B TeueHue 1-JeTHei
u 3-netHel sxkcno3unmu Momyiei Reef Ball B nokanmu 1 (Jam Baii, oxpaHsiemas akBaTopusi) v 1-1eTHel
9KCIO3ULIMH B JioKaiuu 2 (octpoB XoH Hbla, pekpealinoHHasi akBaTopusi)

The taxonomic compositions of coral recruits on RB modules in both locations were likely site-
specific. In MPA, recruits of Pocillopora spp. contributed the most during the first year of exposi-
tion (Figs 3, 5A). It can be explained by the redundant surrounding resources of this coral genus
in location 1, where Pocillopora dominates on shallow natural rocky and limestone boulders. More-
over, Pocillopora spp. (mostly P. verrucosa) are the main objects in coral culture experiments within
MPA, where at least 300 polyvinyl chloride frames (1 x 2 m each) with ~700 cultured Pocillopora
colonies have been deployed nearby RB modules (in 100-m radius) since 2017. However, 3-year exposi-
tion of RB modules in MPA resulted in an increase in both abundance and diversity of the recruits’ pool
and in a change of a recruitment pattern towards the overwhelming dominance of Porites recruits (Fig. 3).
In spite of the lack of Porites spp. within MPA, the closest dense thickets of branching Porites cylindrica
and large, massive heads of Porites lobata are located in the inner upstream part of Dam Bay in 1.2 km
northeast from the area of deployment of RB modules (see Fig. 1). This neighborhood might cause such
a contribution of Porites spp. to the recruitment pattern.

The 1-year recruitment pattern in location 2 (RA) was similar to that in location 1: Porites spp.
and Pocillopora spp. were the major contributors to the recruitment pool. Nevertheless, the initial re-
cruitment of Pocillopora spp. in MPA was 2.1-fold higher than that in RA (Fig. 3). The large proportion
of Porites recruits in the recruitment pool of RA can be mediated by the closest proximity of RB modules
to dense thickets of P. cylindrica at this location. Pocillopora spp., due to their mostly weedy (ruderal) life
strategy [Darling et al., 2012; Kayal et al., 2015], are pioneers, which opportunistically occupy available
hard surfaces in reef environments and tend to dominate coral assemblages at the earlier stages of distur-
bance due to high recruitment and growth rates, and also due to fast turnover among generations [Kayal
et al., 2015; Lenihan, Edmunds, 2010].

Porites cylindrica is also known to have weedy life strategy [Darling et al., 2012], rapid growth,
and high resistance to stress [Fitt et al., 2009; Visram, Douglas, 2007], which makes this coral a signifi-
cant recruiter, with high relative abundance compared to that of other species. Thus, the predominance
of these two species in the recruitment pool can be driven by both their redundancy in surrounding
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environment and by their life strategies. Pocillopora and Porites are considered resilient coral taxa
due to sustained recruitment that promotes demographic elasticity through a constant replacement
of individuals and resistance to perturbations [Kayal et al., 2015; Mumby et al., 2014].

Natural coral recruitment is affected by sedimentation [Fabricius, 2005; Hodgson, 1990; Rogers,
1990], type of substrate [Burt et al., 2009; Harriot, Fisk, 1987], competition with algae and other epi-
fauna representatives [ Chadwick, Morrow, 2011; McCook et al., 2001; Norstrom et al., 2009], and pol-
lution [Markey et al., 2007]. Such environmental parameters, as geographic location, surrounding sub-
strate, proximity to other natural habitats, water depth, and general hydrodynamic conditions in the area
of deployment, must be conducive to coral recruitment [Sheng et al., 2000]. Natural coral recruitment
has been widely acknowledged as an important process for the successful maintenance of coral reef sys-
tems, particularly in the recovery and replenishment stages following disturbances [Glassom et al., 2006;
Raj, Patterson Edward, 2012].

Notably, the recruitment of Acroporidae (mostly Acropora) in 1-year period was very low in both lo-
cations, (0.05 £0.01) in location 1 and (0.23 £ 0.14) in location 2, despite proximity of location 1 (MPA)
to a natural source of branching Acropora and Montipora in the inner part of the bay and availabil-
ity of several sources of cultured Acropora within MPA. The natural reef near location 2 (RA) showed
scarce occurrence of Acropora. The negligible proportion of Acropora in the recruitment pattern was sim-
ilar to that in the Gulf of Mannar, where during almost 15-year exposition of ferro-cement artificial
modules at 6-m depth, the recruitment pattern was determined mostly by massive coral taxa, Faviidae
and Poritidae, together with Turbinaria in spite of the fact that surrounding natural substrata were dom-
inated by Acropora and Montipora [Raj et al., 2020]. Recruitment of Acroporidae is highly dependent
on sedimentation rates, presence of crustose coralline algae, and surface roughness [Baird, 2001; Ri-
cardo et al., 2017]. Moreover, in contrast to Pocillopora and Porites, the established populations of adult
acroporids have positive attractiveness for Acropora recruits [Kayal et al., 2015; Pisapia et al., 2019];
this feature may also be one of determinants of the recruitment patterns on RB modules within the first
year of exposition.

Size ranges of coral recruits belonging 2 _
to Porites and Pocillopora, two genera with 24 T  Ereress
the highest contribution to the recruitment pool 22 [ pocttopora oo

during 1-year exposition, are shown in Fig. 4.
The mean size of Porites recruits in MPA was sig-
nificantly larger than in RA (ANOVA, F = 8.536,
p < 0.01), whereas the larger size of Pocillo-
pora recruits in location 1 was not confirmed 10
statistically (ANOVA, F = 3.874, p = 0.055).
The size range and spatial patterns of coral
recruits are strongly related to time of settle-
ment [Martinez, Abelson, 2013]. Larger sizes
of dominant coral recruits in MPA can be stip-
ulated by difference between MPA and RA

Size (mm)
=

Location 1(MPA)  Location 2 (RA)

Fig. 4. Size variation (mean + SD) of two main con-

in time of coral spawning peaks. However, other,
unknown environmental factors in MPA may
also contribute to the difference in size range
of recruits.

Linear growth rates were estimated
for transplants of five coral species (Table 1,
Fig. 5B).
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tributors to coral recruitment in two locations after
1-year exposition of Reef Ball modules

Puc. 4. Bapmanus pasmepoB mononu (cpemHee +
CTaH/IAPTHOE OTKJIOHEHWE) JBYX KOPaJUIOBBIX TaK-
COHOB, XapaKTEPU3YIOIIUXCSI HAMOOJBIIIUM BKJIAIOM
B KOPAJUIOBBIII PEKPYTHHI (CHaT) B ABYX JIOKAIMSAX
pasmertienus moaynieit Reef Ball, mocie nepBoro roga
SKCIO3UIAN
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Table 1. Annual mean linear extension (mm-year'l) and survival rate (%) of coral transplants on Reef
Ball modules. Location 1 is Dam Bay (marine protected area); location 2 is Hon Nua Island (recreational
area)

Tadmmma 1.  CpenHuil Tof0BOM JMHEHHBIH POCT (Mm-rox~!) U BBIKHBaEMOCTb (%) TpaHCIIIAaHTOB KO-
payutoB Ha MoayJiax Reef Ball. Jlokanmsa 1 — Jlam Baii (oxpaHsemas akBaTopHs); JIOKalUsA 2 — OCTPOB
XoH Hepia (pekpeallnoHHasi akBaTOpus1)

Species Location 1 Location 2
P Mean extension Survival rate Mean extension Survival rate
Pocillopora verrucosa 90.1 £ 11.3 (55) 79.4 67.7 £ 16 (28) 70.5
. 81.1£7.7 (45) 94.3 £ 19 (33)
Acropora muricata $45+ 1.4 72.3 %61+ 1.4 67
. . 92.6 £ 18 (46)
Acropora intermedia £33+ ] 66.1 - -
Acropora latistella 122.5 £ 14.2 (46) 68.4 76.9 £ 11.2 (35) 71.5
Acropora hyacinthus 98.1 + 14.3 (10) 70 - -

Note: annual mean extension is given as mean + SD; the number of coral transplants is provided in brackets;
* mean increment of branches.

IIpumeuanue: cpeqHUI TOJOBOW POCT yKa3zaH KaK cpefiHee 3HaueHWEe * CTaHOApTHOE OTKJIOHEHHE; KOJMYECTBO
nepecakeHHbIX KOPAJUIOB MTPUBEIEHO B CKOOKAX; CPeJHUI PUPOCT BETBEH OTMEUEH aCTEPUCKOM.

Fig. 5. A, recruits of Pocillopora sp. on the surface of Reef Ball (RB) module; B, growth of coral trans-
plants of Acropora and Pocillopora on RB module; C, D, fish diversity at RB modules

Puc. 5. A — pexpytsl (Mosnoasie kononun) Pocillopora sp. Ha nmoBepxHocTu moayns Reef Ball (RB);
B — pocT TpaHCIIaHTOB KOpaJlioB U3 pojioB Acropora v Pocillopora na RB-monyie; C, D — pa3HooOpasue
pbi6 y RB-Monynei
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The transplants of P. verrucosa, one of the dominant coral taxa on natural substrate and in the re-
cruitment pool in location 1 (MPA), had statistically significantly higher growth rates (ANOVA,
F =70.513, p < 0.001) and survival rates than those in location 2 (RA) (see Table 1). Among two
planted in both locations Acropora species, the corymbose transplants of A. latistella showed notice-
ably higher growth rates in MPA (ANOVA, F = 17.632, p < 0.001), whereas arborescent transplants
of A. muricata had better growth (ANOVA, F = 12.456, p < 0.001) and increment of branches
in RA (Table 1).

According to Osinga et al. [2011], the primary requirements for coral growth are: light and in-
organic nutrients (needed for photosynthesis); organic food (for organic tissue synthesis and organic
matrix synthesis); and calcium and dissolved inorganic carbon (carbon dioxide, bicarbonate, and car-
bonate) (for skeleton formation). In addition to these basic requirements, water movement is an im-
portant factor facilitating coral metabolism. There are several factors inhibiting coral growth: increase
in SST above coral bleaching threshold, UV radiation, pollution, sedimentation, decrease of dissolved
oxygen, and biological stressors (predators or spatial competitors) [Fabricius, 2005; Osinga et al., 2011].
The phenomenon of higher growth rates of two test coral taxa within MPA may partly be stipulated
by higher nutrient and organic natural influx during wet season in Dam Bay (location 1), which may
contribute to coral growth, in comparison to the open sea site, Hon Nua Island (location 2). However,
this hypothesis requires further investigation. It is known that slight nutrient enrichment (especially with
nitrogen, like ammonium) may boost coral growth by feeding their symbiotic algae (Zooxanthellae)
and improving photosynthesis [Dunn et al., 2012]. However, this benefit is a delicate balance; higher
concentrations of phosphorus can become harmful, promoting algal overgrowth, bleaching, disease,
and weaker skeletons, and also highlighting a crucial dose-dependent relationship [D’Angelo, Wieden-
mann, 2014].

Fish population dynamics. An assessment of fish diversity and abundance revealed signif-
icant differences between two locations after 1-year exposition of RB modules (Table 2). Lo-
cation 1 (MPA) exhibited an increase in fish diversity to 18 species, whereas location 2 (RA),
to 10 species. Three-year exposition of RB modules within MPA resulted in a rise in fish diver-
sity to 33 species and a 2-fold increase in fish abundance (see Table 2, Fig. 5C, D). Such dif-
ferences in the development of reef fish community on RB modules demonstrated as follows: de-
spite harsher hydrological conditions in location 1, protection from both artisanal fishing and distur-
bance related to regular boat-induced noise pollution within MPA resulted in higher fish abundance
and diversity.

Underwater noise can affect both physiology and behavior of fish on a wide-ranging scale, from mi-
nor changes and adaptations to major injury and death. Noise from engine boats negatively af-
fects coral fish by disrupting critical behaviors: feeding, anti-predator responses, and reproduction
[Simpson et al., 2016; The Effects of Noise on Aquatic Life II, 2016]. It may cause stress, mask
communication, reduce foraging efficiency, and hinder the development of embryos, ultimately af-
fecting individual fitness and population health [Popper et al., 2004; Simpson et al., 2016]. More-
over, anthropogenic noise affects the way juvenile fish assess risk, which will reduce individual fit-
ness and survival [McCormick et al., 2018]. Our data on fish settlement on RB modules showed
that even the creation of appropriate artificial environment will not enhance fish diversity and abun-
dance, if this environment is confined to areas of constant disturbance including noise pollution
and fishing. In contrary, even the smallest no-take reserves (about 1-5 km?), like MPA of loca-
tion 1, are known to provide conservation benefits in terms of enhancing diversity and biomass
of sedentary target species within their boundaries [Halpern, 2003; Tkachenko, Soong, 2010],
and ensure some fish spillover into adjacent unprotected areas [Gell, Roberts, 2003; Halpern, 2003;
Russ et al., 2004].

Marine Biological Journal 2026 Vol. 11 No. 3
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Table 2. Fish diversity and mean abundance (fish-100 m~2 + SD; n = 3) in two locations of Reef Ball
deployment after 1-year and 3-year exposition

Ta6amna 2.  PasnooGpasue pwib u ux cpemnee odumme (pui6-100 M2 + SD; n = 3) B ABYX JIOKALMAX,
rae Obln pasmerieHbl Moayiu Reef Ball, mocne 1-yetHed u 3-JieTHE#H SKCIO3UIAN

. Location 1 (MPA) Location 2 (RA),
No. Species — — s
1-year exposition 3-year exposition 1-year exposition

1 Pritolepis fasciatus 91 612 912
2 | Sillago sihama 10+ 1 6+2 72
3 | Amphiprion polymnus 1+1 212
4 | Dascyllus trimaculatus 3614 306 2514
5 Dascyllus reticulatus 16+4 21+4 303
6 Canthigaster valentini 3+1 4+1
7 Cheilinus chlorourus 4+1 31 102
8 | Pomacentrus sp. 51 9+3
9 | Apogonidae 5+1 12+4
10 | Chaetodon lunula 4+1 4+1
11 | Chaetodon auriga 41 41
12 | Chromis sp. 41 14+3
13 | Scarus ghobban 2+1 73
14 | Labroides dimidiatus 3+2 62 522
15 | Abudefduf vaigiensis 143 1216
16 | Abudefduf bengalensis 15+2
17 | Heniochus diphreutes 2+1 2+1 7x1
18 | Pterois volitans 11 11 11
19 | Siganus guttatus 8x2 73
20 | Platax teira 1+1
21 | Arothron hispidus 1+1
22 | Ostracion cubicus 11
23 | Plotosus lineatus 1110
24 | Cheilodipterus quinquelineatus 274
25 | Lutjanus fulviflamma 15+4
26 | Lutjanus fulvus 5+£2
27 | Aeoliscus strigatus 35+10
28 | Thalassoma lunare 73
29 | Scolopsis ciliata 612
30 | Monotaxis heterodon 3+2
31 | Acanthurus xanthopterus 3+2
32 | Cantherhines pardalis 612

Total mean abundance 13127 272 £ 20 110+ 6

Conclusions. The deployment of Reef Ball (RB) modules in two coastal locations of south-central
Vietnam has become a stepping stone for implementation of this method of reef restoration in Viet-
namese waters. The first achievements were the development of coral communities in the new environ-
ment determined by artificial structures. Three-year exposition of RB modules in a marine protected
area resulted in a 4-fold increase in density of coral recruits on the modules’ surface and a 2-fold rise
in fish diversity and abundance in the new environment. The boat-induced noise pollution in recre-
ational area limits the development of reef fish community. The annual mean survival rate of coral trans-
plants on RB modules in both locations was rather high (70.6%). From the preliminary results obtained
in the study, it becomes clear that deployment of artificial reefs, such as RB modules, in a degraded reef
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environment is highly effective in promoting proto reef and boosting coral recruitment and reef ecosys-
tem rehabilitation. However, protection from anthropogenic disturbances may significantly enhance
the outcome of this technology in marine environments.
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BHEJIPEHUE HCKYCCTBEHHBIX KOHCTPYKIIUV REEF BALL
B MOPCRKHUX AKBATOPHUAX I07KHO-HEHTPAJIbHOI'O BLETHAMA
JJIAA BOCCTAHOBJIEHUA KOPAJIJIOBBIX PUPOB:
IIEPBBIE JTOCTUZKEHUA

K. C. Tkauenko!, B. B. 3ynr?, B. T. Xa?

1CaMapc1<I/II7I rOCY/IapCTBEHHBII COLIMANBbHO-TIElarornyeckuil yausepcuret, Camapa, Poccuiickas ®epepauus

2r[pI/IMOII)CKOe OTACJIICHNE CoBMECTHOTO pOCCHﬁCKO-BbeTHaMCKOFO TPOIMMYECKOT0 HAYyIYHO-UCCIIEAOBATEJILCKOI'O

U TEXHOJIOTUYECKOTO TieHTpa, Hsavaur, BeeTHam
E-mail: konsttkachenko@gmail.com

B MMpOBOH NpaKkTHKE CpeArd METOOB BOCCTAHOBJIEHMS KOpalioBhiX puoB TexHomorus Reef
Ball™ (RB), B koTOpOIA peanonaraeTcs IpUMMEHEHNe HCKYCCTBEHHBIX OETOHHBIX MOJLyJIeil, IMUTHPY-
IOLIUX €CTeCTBEHHbIE pU(QOBBIE CTPYKTYPBI, XOPOIIIO U3BECTHA U UCIIOIB3YETCS Ha MPOTSIKEHUH TPEX
JecATHIeTHH B 6osiee 4eM 55 cTpaHax. DTH MOJYJIH CITyKaT Cpeoi OOUTaHNUS ¥ CHOCOOCTBYIOT yBEJIH-
YEeHMIO Pa3HOOOpasus PhIO, a TAKKe ABIAIOTCS MOAXOJAIINX TBEPIBIM CyOCTPATOM IS ECTECTBEHHOTO
3acesIeHus 1 U1l UICKYyCCTBEHHOH TpaHCIUIaHTALMKU prpoodpasyoIux Kopauwtos. [IpoekT o BHepe-
HUIO TexHoJoruu RB B 10:)kHO-1IeHTpasibHOM BheTHame craproBai B 2023 r. Mcniosb30BaHsb! 1Ba KOM-
ekta RB-moayineil B AByX MOpPCKUX akBaTopusax — B oxpaHsaeMoi (OA) u pekpeaiioHHoi (PA).
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Llenbio HacTOSIIETO MCCIeNOBaHUS ObUIO OLIEHUTh d(ekTBHOCTE RB-Moy el B cTUMYIMpOBaHUN
OCKIECHUS KOPAJUIOBBIX IUIAHYJ (PEKPYTHHIA) U B YBEIWYEHUM PAa3HOOOpa3usa U oOMUs plO. DKC-
MO3ULIMA NEPBOro roja Nokasasa CXOAHbIE NaTTepHbI KopayuioBoro pekpytunra jig OA u PA ¢ nomu-
HUPOBaHUEM KOpaJUIOB U3 poloB Porites n Pocillopora. I110THOCTh KOPaJUIOBOM MOJIOAN COCTaBUJIA
(9,5 +2,2) u (8 = 2,1) pexpyroB-Momyns~! B OA u PA cootserctenHo. B OA pasHooGpasue 1 06u-
Jvie peiO Jocturiv 3HaueHud 18 BunoB u (131 £ 6) pei6-100 M2 cootBeTcTBeHHO, B PA — 10 BHIOB
u (110 £ 7) pri6-100 m~2. Bonee anmutenbHas, TpEXIeTHaAs 3Kcnosummsa RB-moayneit B OA nokasana
YeTHIPEXKPATHBI POCT MIOTHOCTH KOPAJLIOBOil MONOAH, 10 (42,5 + 6) pekpyToB-Momy/b~ !, u a6co-
JIOTHOE TOMUHHUPOBAHUE KOPAILUIOB poaa Porites B criate. O6uiue phid 3a 9TOT NEPUOA YBEIUIUIOCH
BJIBOE, a pazHooOpasue Bozpocio 10 33 Buaos. Hacrosmas padorta nokasaina, 4to npumeHeHue RB-
MojyJiel MOXeT ObITh 3(DEKTUBHBIM JIJ1s BOCCTAHOBJICHHSI PHUQOBBIX SKOCUCTEM B IPUOPEKHBIX aK-
BaTOPUSAX C pa3IMYHBIM CTaTYyCOM IKCILTyaTUpOBaHUsA. TeM He MeHee 3alyTa OT aHTPOIIOTEHHOTO BO3-
JEVCTBUA MOXET 3HAYMTENIBHO YIyULIATh PE3yJIbTaThl UCTIOJIB30BAHUA STOM TEXHOJIOTUN B MOPCKOU
cpene.
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