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Abstract Maintaining genetic diversity and biodiversity is

key to sustaining healthy ecosystems and their capacity for

adaptation. Assisted Gene Flow (AGF) is a management

approach to translocate adaptive genes among populations

to restore faltering and at-risk habitats, especially on coral

reefs. Cryopreserved sperm can facilitate AGF via selective

breeding at a lower cost and with fewer risks than sourcing

colonies from the wild or moving adult corals (transloca-

tion) . Here, we present a proof-of-concept study demon-

strating that cryopreserved sperm from northern and central

Great Barrier Reef (GBR) locations can be used to make

intrapopulation and interpopulation crosses to underpin

AGF. The results of this study support the importance of

assessing the concentration of motile sperm in post-thaw

samples, with a minimum of approximately 30,000 motile

cryopreserved sperm per egg required to achieve fertilisa-

tion. Mean per cent motility values post-collection and

without artificial activation (northern colonies 14 ± 3.2%;

central colonies 19 ± 3.6%) were considerably lower than

previous observations of sperm from Acropora tenuis on

the Great Barrier Reef, and may represent a lag effect from

recent ocean warming events at the level of coral popula-

tions. Coral reefs with relatively high species and genetic

diversity and coral cover are good places to preserve bio-

diversity through cryopreservation. Such cryo-collections

build a genetic resource to optimise strategies available to

reef managers to support natural recovery rates and reef

restoration and adaptation efforts.

Keywords Selective breeding � Assisted gene flow �
Coral � Sperm cryopreservation � Biobanking

Introduction

The survival of populations and species impacted by the

effects of climate change will depend on their ability to

adapt to rapidly changing environments. If environmental

change is gradual then these adaptations can come about

through genetic recombination (i.e. sexual reproduction)

and natural selection for adaptive traits. When the rate of

environmental change exceeds the capacity for adaptation

species are likely to suffer severe population declines. For

scleractinian corals, the effects of ocean warming, acute

heat events, and subsequent mass bleaching have devas-

tated species on reefs throughout the tropics (Eakin et al.

2019). Recent estimates suggest that a third of all

remaining reef-building coral species are threatened with

extinction (IPBES 2019). The negative impact of ocean

warming on coral reproduction is also well-documented

(Ward et al. 2000; Omori et al. 2001; Levitan et al. 2014;

Hagedorn et al. 2016), which can reduce opportunities for

genetic recombination and potentially result in long-term

declines in the composition and amount of recruitment of

new corals (Hughes et al. 2019). Consequently, corals

around the world will likely experience a significant loss of
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genetic diversity over the coming decades that could ulti-

mately diminish their capacity to adapt to changing con-

ditions. Efforts to restore damaged coral populations and

enhance resilience and adaptation all rely on the genetic

diversity of source populations, and therefore securing

biodiversity is a critical component of ensuring the con-

tinued function of coral reef ecosystems (Anthony et al.

2017; National Academies of Sciences 2018; Bay et al.

2019).

Assisted Gene Flow (AGF) is defined as the movement

of organisms within the original species boundary and is

increasingly considered as an option to facilitate rapid

adaptation to climate change and assist the recovery of

heavily impacted populations (Aitken and Whitlock 2013;

van Oppen et al. 2014; National Academies of Sciences

2018; Quigley et al. 2019; Hagedorn et al. 2021). The

translocation of adult coral colonies for AGF poses several

challenges, including the increase in stress during transport

that may negatively impact reproduction, the potential for

transfer of disease or invasive species across regions,

diminution of population density and diversity in source

populations, and mismatches in reproductive timing of

coral from the same species along an environmental gra-

dient. Moreover, the costs associated with moving adult

corals on the scale required to be effective is likely to be

prohibitive for many of the major reef systems around the

world. A safer and potentially more cost-effective way to

facilitate the movement of genes and conserve genetic

diversity would be to use cryopreserved gametes in com-

bination with spawned material from wild individuals to

support selective breeding and the development of diverse

broodstock to support coral aquaculture and regional

restoration activities (Hagedorn et al. 2012b; Silversides

et al. 2012; Howell et al. 2020).

Cryopreservation, the storage of living cells at ultra-low

temperatures, permits the transfer of potentially adaptive

genetic material, thereby enabling reproduction and genetic

recombination to occur between geographically or tempo-

rally isolated populations. The storage of cryopreserved

gametes in biorepositories would also provide greater

control over the selective breeding process by reducing the

need for colonies to spawn on the same night or year, and

would allow colonies to be used for reproduction in mul-

tiple years without re-collecting animals from the wild.

Successful cryopreservation of coral sperm (Hagedorn

et al. 2012a) has been demonstrated in more than 37 spe-

cies from reefs around the world over the past ten years

(Hagedorn and Daly, unpublished) and can be used to

produce viable offspring (Hagedorn et al. 2017).

On the Great Barrier Reef (GBR), many species of coral

occur across vast latitudinal and temperature gradients,

with genetic evidence of population connectivity across

this range (van Oppen et al. 2011; Cooke et al. 2020).

Reproductive connectivity has been demonstrated for

Acropora millepora and Acropora tenuis across the

northern, central, and southern regions of the GBR, where

reproductively crossed larvae (Dixon et al. 2015) and

juveniles (Quigley et al. 2020) showed heritability of heat

tolerance. This suggests the potential for AGF to be used as

a means of transferring heat-tolerant genes between pop-

ulations across the GBR. The use of cryopreserved sperm

to generate inter- and intra-specific crosses across regions

could therefore provide an effective means to influence

population connectivity on the GBR to confer resilience.

The use of cryopreservation to facilitate AGF in coral

was recently demonstrated by Hagedorn et al. (2021), who

crossed cryopreserved Acropora palmata sperm from three

geographically isolated Caribbean populations (Florida,

Curaçao, and Puerto Rico) with freshly collected eggs from

Curaçao. These experiments included sperm that had been

banked for over 10 years, and resulted in settled coral

recruits that are currently over two years old. In Australia,

sperm from GBR corals have been cryopreserved during

the annual mass spawning since 2011 (Hagedorn et al.

2012a) with 29 species cryobanked to date (https://taronga.

org.au/conservation-and-science/current-research/reef-

recovery). The ability of cryopreserved sperm from GBR

corals to fertilise fresh eggs has also been demonstrated

(Hagedorn et al. 2017); however, interpopulation crosses

using cryopreserved sperm have not been attempted on the

GBR. The goal of the present study was therefore to

undertake fertilisation experiments using cryopreserved

sperm to facilitate interpopulation crosses between colo-

nies of Acropora tenuis collected from populations in the

northern and central regions of the GBR, and in doing so

demonstrate proof-of-concept for using cryopreserved

sperm to support AGF as a potential tool for reef restora-

tion and adaptation programs along this reef system.

Methods

Coral spawning

Colonies of Acropora tenuis were collected in November

2018 from central and northern regions of the GBR

(Fig. 1a, Great Barrier Reef Marine Park Authority Permit

Numbers G12/35236.1 and G18/41667.1, respectively) by

staff from the Australian Institute of Marine Science

(AIMS) and Great Barrier Reef Legacy. Northern GBR

colonies were collected from Curd Reef (- 12.58508S,
143.51158E), Long Sandy Reef (- 12.50038S,
143.78488E), and Sandbank No. 7 Reef (- 13.43628S,
143.97148E), and central GBR colonies were collected

from Davies Reef (- 18.82178S, 147.64958E) and Back-

numbers Reef (- 18.50758S, 147.14648E) (Fig. 1). The
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annual mean temperatures for these reefs ranged between

*28.7 and 29.48C (eReefs, 01/01/2013–28/02/2018, daily

measurements at 1 km resolution). Colonies were brought

to the National Sea Simulator (SeaSim) at AIMS, Towns-

ville, for spawning, where they were kept in flow-through

aquaria with natural light for up to two weeks prior to

spawning on temperature profiles corresponding to their

natal reefs.

On the night of spawning, colonies were transferred

individually to 20-L plastic bins containing 0.1-lm filtered

seawater (FSW) with no air or water flow, and monitored

for signs of spawning. Gamete bundles were collected with

transfer pipettes from the surface of the water into 50-mL

tubes, and then concentrated to a volume of five mL of

bundles over five mL of seawater. Generally, in acroporid

coral species, this provides a sperm concentration

of * 1 9 109 cells/mL. Bundles were allowed to break up

with the aid of gentle agitation, and the sperm sample was

passed through a 70-lm cell strainer (Corning, United

States) to exclude eggs. Sperm quality metrics (total sperm

concentration, motile sperm concentration–defined as the

concentration of sperm that are swimming, and per cent

motility) were estimated using a computer-assisted sperm

analysis system (CASA—CEROS II, Hamilton Thorne,

United States) calibrated for coral sperm analysis

(Zuchowicz et al. 2021). Total and motile sperm concen-

tration values were determined by assessing at least 200

individual sperm across a minimum of five microscope

fields. Sperm from A. tenuis colonies from the central

(n = 14) and northern (n = 17) regions of the GBR were

assessed over five nights from 26–30 November 2018).

Cryopreservation and fertilisation

Fertilisation experiments were conducted on the nights of

the 27th (night 1) and 29th (night 2) of November 2018

using gametes from 10 central and 11 northern colonies,

representing two of the three nights when both groups

spawned simultaneously. For cryopreservation, on each

spawning night, sperm from individual colonies were

assessed using CASA then combined in approximately

equal amounts to create two pooled samples: one from

northern GBR colonies (night 1 n = 6; night 2 n = 5) and

one from central GBR colonies (night 1 n = 6; night 2

n = 4). Aliquots of each sperm pool were combined 1:1

with 20% dimethyl sulfoxide (DMSO) in FSW for final

concentrations of 10% DMSO and at least 5 9 108 sperm/

mL, then cryopreserved in 1.8-mL cryovials (NuncTM 1.8-

mL internal thread cryovials, Cat. # 377,267; 1.5 mL per

cryovial, n = 2–3 cryovials per pool) in liquid nitrogen

(-196 �C) at a rate of -20 �C per minute, as previously

described (Hagedorn et al. 2012a). Remaining pooled

sperm from each region were kept on the benchtop at room

temperature (26 �C) for use in fertilisation experiments as

the fresh sperm control within an hour of bundle break up.

Cryopreserved samples for fertilisation experiments were

thawed in a 37 �C seawater bath with gentle swirling for

two minutes, after which post-thaw motility and concen-

tration were assessed using CASA.

For fertilisation, aliquots of eggs from individual colo-

nies (night 1: n = 6 northern colonies, n = 6 central colo-

nies; night 2: n = 5 northern colonies, n = 4 central

colonies) were transferred to separate wells in 6-well plates

containing FSW (Table 1A). Transregional (NTH

sperm 9 CEN eggs; CEN sperm 9 NTH eggs) and

(b)(a)

Fig. 1 Fresh sperm characteristics from Acropora tenuis colonies

collected from five reefs in the northern and central Great Barrier

Reef a were assessed using computer assisted sperm analysis to

determine differences in total and motile concentrations b. Columns

with different letters are significantly different (one-way ANOVA,

p\ 0.05)
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regional (CEN sperm 9 CEN eggs; NTH sperm 9 NTH

eggs) crosses were performed using cryopreserved pooled

sperm samples, with fresh (untreated) sperm from the same

pooled samples used as a control for each cross (Table 1a).

To assess potential cryoprotectant effects on fertilisation,

eggs from the same colonies were fertilised using pooled

fresh sperm with the addition of 10% DMSO equivalent to

the amount added with cryopreserved sperm (Table 1b),

and ‘no sperm’ controls (i.e. unfertilized eggs) were used to

rule out accidental or self-fertilisation of the eggs. The

volume of FSW in each treatment was adjusted to achieve a

final fertilisation volume of five mL in each well, and

fertilisation success was assessed at the 2–4-cell stage

(approximately 3–4 h post-fertilisation) by counting the

number of developing embryos in each well.

Additional motility data from other years (2011, 2012,

2014, 2016, 2019, and 2020) were collected by Hagedorn,

Spindler, Hobbs, O’Brien, and Daly from central GBR A.

tenuis colonies that spawned at AIMS (Table 2). From

2011 to 2016 motility was assessed by observing sperm

under a phase contrast microscope and estimating the

proportion of sperm moving forwards (Hagedorn et al.

2012b). Since 2018 motility data has been collected using

CASA (Zuchowicz et al. 2021), with the addition of caf-

feine (12 mM) for sperm activation prior to assessment in

2019 and 2020.

Statistical analysis

All data are presented as mean ± S.E.M. Sperm motility

data were analysed by one-way ANOVA with Tukey’s

post-hoc test using the GraphPad Prism statistical package

for Mac (Version 7.0a). Differences were considered sig-

nificant at a threshold value of p\ 0.05. Fertilisation data

were analysed by Fisher’s exact test of independence with

pairwise comparisons using R (R Core Team 2019) with

the ‘‘rcompanion’’ (Mangiafico 2019) package. Linear

regression was used to determine the proportion of

Table 1 Fertilisation experiments performed over two nights demonstrating interpopulation crosses in Acropora tenuis from northern and

central regions of the GBR

A NIGHT 1 (NTH n = 6; CEN n = 6) NIGHT 2 (NTH n = 5; CEN n = 4)

REGION Eggs/well Fresh Cryo Eggs/well Fresh Cryo

NTH 38.0 ± 1.5 1.9 9 109 sperm/mL 8.2 9 108 sperm/mL 44.7 ± 1.1 2.6 9 109 sperm/mL 1.5 9 109 sperm/mL

CEN 34.2 ± 1.1 1.1 9 109 sperm/mL 4.7 9 108 sperm/mL 43.1 ± 1.2 1.0 9 109 sperm/mL 4.7 9 108 sperm/mL

B

TREATMENT Control Toxicity Cryo Control Tox Cryo

Sperm 5 lL 5 lL 10 lL 5 lL 5 lL 50 lL

10% DMSO – 10lL – – 50lL –

a Mean number of eggs per well and total sperm concentrations of fresh and cryopreserved sperm samples from northern and central GBR

colonies. b Volumes of fresh and cryopreserved sperm and 10% DMSO in FSW added to eggs for Control, Toxicity, and Cryo treatments. Total

fertilisation volume was 5 mL in all experiments. Abbreviations follow descriptions given in the Methods section

Table 2 Comparison of sperm motility in Acropora tenuis pre- and post- back-to-back bleaching events in the central Great Barrier Reef in 2016
and 2017

PRE-2016/17 WARMING EVENT POST-2016/17 WARMING EVENT

2011 2012 2014 2016 2018 2019 2020

Colonies (n =) 3 9 4* 10 14 8 8

MOTILITY (visual assessment) MOTILITY (CASA assessment)

Maximum 90.0 91.0 82.0 80.0 38.8 96.2 84.5

Minimum 80.0 73.0 68.0 40.0 0.1 44.1 44.4

Mean ± SEM 85.0 ± 2.9 85.8 ± 1.9 75.5 ± 3.8 52.0 ± 4.7 19.0 ± 3.6 80.6 ± 6.9 71.6 ± 4.5

Median 85.0 87.0 76.0 45.0 19.4 88.5 74.7

From 2011–2016 motility was assessed by observing sperm under a phase contrast microscope; since 2018 motility data has been collected using

Computer Assisted Sperm Analysis. In 2019 and 2020, assessment included the addition of BSA and caffeine to activate sperm
*Assessments in 2014 include one individual colony and three pools of 3–5 colonies each
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fertilisation success that could be explained by the ratio of

motile sperm per egg. Motile sperm per egg values were

log-transformed and assumptions of homoscedasticity and

normality of residuals were inspected visually. Linear

regression analysis was conducted using R (R Core Team

2019), with the ‘‘rcompanion’’ (Mangiafico 2019) and

‘‘ggplot2’’ (Wickham 2016) packages.

Results and discussion

Fertilisation was observed in crosses using both fresh and

cryopreserved sperm from the two latitudes, confirming

that cryopreserved sperm can be used to facilitate repro-

duction between northern and central populations of A.

tenuis on the GBR. Sperm motility and sperm concentra-

tion showed greater variation among samples from the

three northern reefs (Curd 7.6 ± 3.9% motile, 1.5 9 109

sperm/mL; Long Sandy 12.4 ± 4.4% motile, 2.0 9 109

sperm/mL; Sandbank No. 7 26.7 ± 6.8% motile,

2.5 9 109 sperm/mL) compared to samples from the two

reefs in the central GBR (Davies 15.2 ± 4.3% motile,

2.1 9 109 sperm/mL; Backnumbers 24.2 ± 6.0% motile,

1.7 9 109 sperm/mL) (Fig. 1b). Moreover, motility values

(Fig. 1b) were lower across all samples compared to pre-

viously collected A. tenuis samples from the GBR

(Table 2).

Prior to the back-to-back ocean warming events in 2016

and 2017, the motility of sperm collected from A. tenuis

from the central GBR for cryopreservation ranged from

68.0% to 91.0%, with mean motilities of 85.0 ± 2.9%

(2011), 85.8 ± 1.9% (2012) and 75.5 ± 3.8% (2014)

observed during that period (Table 2). Mean motilities in A.

tenuis were observed to be much lower in the years

immediately following the 2016/17 ocean warming events

(2016: 52.0 ± 4.7; 2018: 19.0 ± 3.6%), and were back to

around pre-warming levels in 2019 (80.6 ± 6.9%) and

2020 (71.6 ± 4.5%) (Table 2). However, it is important to

note that sperm motility remained relatively low in some

colonies in 2019 and 2020 (minimum motilities 2019:

44.1%; 2020 44.4%), indicating possible variation among

colonies in the impact of or recovery from those ocean

warming events.

Regardless of the lower overall motility, the fertilisation

rate using fresh sperm was greater than 85.7 ± 2.5% on the

first night of spawning (27 November) and 98.4 ± 1.1 on

night 2 for all the crosses tested, but was more variable

(0.4 ± 0.4–52.4 ± 12.5%) using cryopreserved sperm

(Figs. 2, 3). On the first night, standard fertilisation pro-

tocols for cryopreserved coral sperm were used (Hagedorn

et al. 2017). However, the sperm volume adjustment used

to account for diminished post-thaw sperm quality (i.e.

adding 2 9 the volume of that used for fresh sperm;

Table 1b) was insufficient to overcome the low post-thaw

motile concentration of these samples (central: 2.3 9 107

sperm/mL, 5.1% of total concentration; northern:

2.2 9 107 sperm/mL, 2.7% of total concentration) and

poor fertilisation was observed in all crosses using cryop-

reserved sperm (0.4 ± 0.4–4.3 ± 0.7%; Fig. 2). The vol-

ume of cryopreserved sperm added for fertilisation was

subsequently increased for crosses performed on night 2

(10 9 the volume of fresh sperm; Table 1b). Using cry-

opreserved sperm from northern colonies on night 2

resulted in 52.4 ± 12.5% fertilisation for northern eggs and

slightly lower (44.9 ± 13.0%) for central eggs (Fig. 2). In

contrast, fertilisation rates were more than three-fold lower

when cryopreserved sperm from central colonies were used

with eggs from northern (14.2 ± 4.1%) and central

(2.7 ± 0.5%) colonies (Fig. 2). These fertilisation rates

reflected the post-thaw sperm parameters observed for

cryopreserved sperm from the central and northern GBR

colonies, with the pooled central GBR sample showing a

three-fold lower motile concentration (2.6 9 107 sperm/

mL, 5.5% of total concentration) compared to the northern

GBR pooled sample (7.9 9 107 sperm/mL, 5.5% of total

concentration). This emphasises the importance of mea-

suring the motile concentration of sperm, especially post-

thaw, as samples with the same per cent motility can have

different motile concentrations resulting in substantially

different fertilisation outcomes.

The difference in post-thaw motile concentration

between northern and central GBR colonies on night 2 was

somewhat unexpected given that the fresh central GBR

pooled sperm sample had a higher motile concentration

(5.1 9 108 sperm/mL) than the fresh pooled sample from

the northern colonies (8.6 9 107 sperm/mL). Nevertheless,

after cryopreservation these central samples showed a 95%

decline in motile sperm concentration, compared to an 8%

post-thaw decline in the sample from northern colonies.

While the 40–50% fertilisation rate achieved using cryop-

reserved sperm from northern colonies on night 2 was

comparable to rates previously reported for cryopreserved

coral sperm (Hagedorn et al. 2017), the fertilisation rate

achieved using cryopreserved sperm from central colonies

was much lower than would be expected. This was likely

due to differences in the post-thaw sperm quality between

samples from the two regions, as reflected by fertilisation

rate and the ratio of motile sperm:egg (Fig. 3; R2 = 0.643,

p\ 2.2e-16).

Comparison of fertilisation rates with motile sperm:egg

ratios in fresh and cryopreserved sperm showed that, in

general, a minimum of approximately 30,000 motile sperm

per egg was required to achieve fertilisation using cryop-

reserved sperm. This threshold was reached on night 2

using cryopreserved sperm from northern colonies but not

from central colonies despite the increased volume of

Coral Reefs (2022) 41:455–462 459
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sperm added, and was not met in any crosses using cry-

opreserved sperm on night 1. These results underscore the

importance of indexing the volume of sperm added for

fertilisation to the motile sperm concentration value when

utilising cryopreserved sperm for coral reproduction, as is

standard practice in human and other animal IVF systems

(e.g. O’Brien and Roth 2000). In general, the use of cry-

opreserved coral sperm for fertilisation has aimed to min-

imise the volume of post-thaw sperm added due to

concerns that the cryoprotectant (10% DMSO v/v in the

cryopreserved sample) may impair fertilisation (Hagedorn

et al. 2017). However, fertilisation rates in the toxicity

controls for pooled sperm from central (night 1:

90.4 ± 2.5; night 2: 99.3 ± 1.2) and northern (night 1:

89.9 ± 2.9; night 2: 98.7 ± 2.0) colonies using DMSO

concentrations equivalent to cryopreserved sperm (0.1%

DMSO v/v in the fertilisation volume) were not signifi-

cantly different from those observed using fresh sperm

among any of the crosses (one-way ANOVA, p[ 0.05),

indicating that the cryoprotectant had no significant effect

on fertilisation in the present study. Although, increasing

the amount of cryopreserved sperm added for fertilisation

had a positive effect in this study, it is likely that there is an

upper limit to the improvements in fertilisation success that

can be gained by increasing the concentration of cryopre-

served sperm used, and this should be considered as part of

future studies. Another important point to consider for

future studies is the grow-out of coral colonies produced

using cryopreserved material. Previous studies have shown

that A.tenuis and A.millepora larvae produced from cry-

opreserved sperm are able to settle and metamorphose at

the same rate as larvae from fresh sperm (Hagedorn et al.

2017), but unfortunately in the present study we did not

have the capacity to follow the cryopreserved crosses

beyond fertilisation. The growth of coral juveniles pro-

duced using cryopreserved material through ontogeny and

into reproductive maturity has not yet been reported, but

will be an important step in demonstrating the utility of

cryopreserved material in genetic management for coral.

Ocean warming can negatively impact a variety of

reproductive parameters in corals, and declines in gamete

quality and fertilisation have been reported in the years

following major ocean warming and bleaching events

(Ward et al. 2000; Omori et al. 2001; Levitan et al. 2014;

Fig. 2 Fertilisation success of

interpopulation crosses

performed in Acropora tenuis
from central and northern

regions of the Great Barrier

Reef on night 1 (white bars) and

night 2 (grey bars) using fresh

and cryopreserved sperm.

Columns with different letters

are significantly different (one-

way ANOVA, p\ 0.05)

Fig. 3 Relationship between fertilisation success (y-axis) and the

ratio of motile sperm per egg (x-axis, logarithmic) for Acropora
tenuis interpopulation crosses performed on nights 1 and 2.

R2 = 0.643, p\ 2.2e-16
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Hagedorn et al. 2016). Importantly, in some cases these

negative impacts can occur in corals that do not show

obvious signs of bleaching, and can persist for a number of

years following the warming event (Levitan et al. 2014;

Hagedorn et al. 2019). Since both the northern and central

regions of the GBR experienced extensive ocean warming,

bleaching, and mortality in 2016 and 2017 (Hughes et al.

2017, 2019), it is possible that the diminished sperm

motility and responses to cryopreservation observed in the

present study were influenced by these events. The reasons

for differences in fertilisation success observed in post-

thaw gametes from northern and central colonies are

unclear, but may be a reflection of differences in accu-

mulated heat stress of the 2016 and 2017 warming events,

since the northern region was predominantly impacted in

2016 and the central region in 2017 (Hughes et al. 2018).

As such, gametogenesis in the northern colonies may have

recovered somewhat from the 2016 warming and been less

impacted in the months leading up to spawning in 2018. As

the survivors of the severe ocean warming event on the

northern GBR in 2016, it is also possible that the northern

colonies represented were more heat tolerant and better

adapted to subsequent warming in 2017, which was a

consideration in the selection of the northern GBR col-

lection sites (Quigley et al. 2021). In this regard, cryop-

reservation may be acting as a ’stress test’, revealing issues

in gamete quality that may have become apparent later in

larval development and recruitment using non-cryopre-

served gametes. Cryopreservation does impact fertilisation

success (Hagedorn et al. 2012b) even in healthy systems,

but it does not impact settlement and juvenile development

(Hagedorn et al. 2017). Moreover, AGF A. palmata created

using cryopreserved sperm demonstrated normal settlement

and juvenile development (Hagedorn et al. 2021), sug-

gesting cryopreservation will be a valuable technique to

support selective breeding for future coral restoration and

adaption interventions.

As coral reefs continue to be impacted by climate

change, a range of novel interventions are increasingly

proposed, considered, or implemented around the globe.

Genetic interventions that seek to preserve and enhance

genetic diversity could become an important means of

future-proofing reefs, restoring populations, and enhancing

resilience and biodiversity to support the health of coral

reefs in an increasingly uncertain future. This proof-of-

concept study showed that cryopreserved sperm can be

used to cross colonies from different latitudes on the GBR,

albeit at lower success rates than those with fresh material.

We also detected potential signatures of environmental

stress in sperm quality. These results inform ongoing

strategic cryobanking effort and underpin further research

into the methods and feasibility of Assisted Gene Flow via

selective breeding on the Great Barrier Reef.
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