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Coral reef ecosystems face a number of local 

threats, including increasing human 

populations, coastal development, fisheries, 

and pollution, which cause severe destruction 

on reefs, while global anthropogenic climate 

change is altering the environment of coral 

habitats. Due to these stressors, there is a cru- 

cial need to reevaluate and implement effective 

management practices to protect coral reefs 

immediately and in the long term. Broadscale 

management techniques currently exist, includ- 

ing a wide variety of conservation, technologi- 

cal, ecological, and monitoring techniques, to 

name but a few. However, due to the complex- 

ity of coral reef ecology and local and regional 

differences, understanding and identifying 

effective management practices to address 

corals’ present and future fate is challenging. 

Given these difficulties, maintaining the 

future health of coral reefs can often seem like 

a daunting task for early-career researchers. 

However, increasing understanding of coral reef 

ecosystems through scientific and economic 

research, as well as a surge in technological 

innovations, has led to improved management 

ambitions, techniques, and implementations 

which have resulted in successful  recovery 

and rejuvenation of previously threatened reefs 

(Duarte et al. 2020). These successful endeavors 

provide hope, not only for early-career scien- 

tists, but also for those who have been fighting 

for the protection of reefs for decades, that it is 

not too late to take action. With the develop- 

ment of more tools and improved knowledge, 

there are also increasing ambitions to protect 

reefs from local as well as global anthropogenic 

stressors. There are several actions which we can 

take to improve current management strategies 

(Fig. 1). As early-career researchers, we provide 

our perspectives on promising immediate and 

long-term coral reef protection strategies which 

are currently being developed and applied that 

show hopeful steps to ensuring the future of reef 

ecosystems. 

IMMEDIATE ACTION FOR REEF PROTECTION 

Currently, there are a few research-based man- 

agement strategies which we believe can be 

effective. In the short term, one hopeful man- 

agement strategy which is currently used widely 

is the designation of marine protected areas 

(MPAs), which manage specific conservation 

objectives. Incorporation of new research find- 

ings has greatly improved these management 

practices and led to much success. MPAs have 

become widespread in various social and eco- 

nomic situations with 26.9 million km2  of the 

ocean protected by them (http://mpatlas.org/) 

and with coverage increasing by 8% per year 

(Worm 2017). We have seen that this manage- 

ment tool has successfully improved the recovery 

of fish populations by managing overfishing, 

controlling local stressors, and recovering habi- 

tats (Duarte et al. 2020). We believe that hope 

for the immediate protection of coral reefs comes 

primarily from international efforts led by the 

International Union for Conservation of Nature 

(IUCN) to protect 30% of the ocean by 2030 

through the implementation of a network of 

MPAs. MPAs have shown much promise thus far, 

but there is room for improvement. Expanding 

current MPAs by 5% has been  estimated to 

improve future fish stocks by as much as 20% 

(Cabral et al. 2020). We believe that the imple- 

mentation of long-term managing programs can 

reduce local stressors. For that effectiveness to 

be realized, an assessment of the conservation 

needs of the specific MPAs are required due to 

the wide diversity of coral reef ecosystems and 

local vs. global stressors acting upon them. After 

a needs-based evaluation, continued monitoring 

should help inform specific follow-up manage- 

ment practices, such as the use of bioindicators 

and biomonitoring approaches. We believe if we 

take immediate action to improve MPA practices 

with the changing environment, we can continue 

to alleviate stressors in corals in the future. 

Although MPAs have led to many success 

stories of marine habitat protection, we see sev- 

eral other areas for improvements. The benefits 

of MPAs on marine populations are often insuffi- 

cient due to the young age of MPAs, lack of 

resources, and lack  of  enforcement  (Duarte 

et al. 2020). Notably, to see positive outcomes 

and gain benefits from MPAs, they must be well 

established. However, most MPAs are less than 

10 yr old, and there is often a time delay 

between an intervention and its effects. Hence, 

besides ensuring effective resource management, 

we must have patience to see these efforts bear 

fruit. MPAs require many resources to be an 

effective management tool, and current MPAs 

often do not have sufficient resources to uphold 

management for long periods. Of the current reg- 

istered MPAs, 65% report an insufficient budget, 

and 91%  have  reported  limited  staffing  (Gill 

et al. 2017). In addition, MPAs may not always 

be the most effective techniques for all types of 

regions, so region-specific policies for MPAs need 

to be drafted to ensure success. Local communi- 

ties often are not involved in the development of 

MPA policies within their regions. Acceptance of 

these rules and regulations is easier when the 

local community’s goals are considered and met. 

We need to incentivize stewardship practices in 

local communities and authorities to ensure the 

enforcement of the managed areas. Finally, MPAs 

are most effective when combined with other 

management tools. Through improved mainte- 

nance and support, MPAs could build resilience 

to climate change and provide  a more sustain- 

able solution in the future (Roberts et al. 2017). 

Another current management tool which 

complements MPAs is the use of marine spatial 

planning (MSP), which results in the targeted 

designation of MPAs. MSP has  solved many 

management issues by considering the com- 

plexities in the marine environment, which 

make management challenging. The overall aim 

of MSP is to provide a strategic plan for man- 

agement. Many countries have successfully 

implemented MSP. For instance, one of the 

greatest success stories is the Great Barrier Reef 

Marine Park (GBRMP; Douvere 2008). Australia 

has implemented spatial planning and zoning 

which protects coral reefs while also allowing 

space  for   human   activity   to   continue 

(Day 2002). Their plans have continuously 

changed since their first enactment in 1981 to 

match the changing marine policies and the 

changing environment. This is a great example 

of protection, but the well-funded nature of 

the GBRMP highlights the inequities which 

exist. Many reef ecosystems are near coastal 

communities which do not have access to these 

vast resources which has led to less successful 

implementation in these areas. The challenges 

with MSP are largely attributed to improper 

assessment, monitoring, and implementation 

strategies. In order to ensure a high level of 

success with MSP as a technique, clear over- 

sight and continual monitoring are necessary. 

The GBRMP sets a great example to future pro- 

jects and gives us hope that these management 

strategies can be successfully applied with ade- 

quate resources. Future management plans 

should take inspiration from older protected 
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FIG. 1.    In both the short and long term, we see these actions (above arrow) as steps toward goals (below 

arrow) that will ultimately improve protection of coral reef ecosystems. 

(i.e., local ecosystems, capabilities, and cli- 

mate change impacts), but also over time. As 

technology and our understanding of corals 

continues to develop, management methods 

need to stay informed and up-to-date to be the 

most effective. Ultimately, this will require 

management practices, and those enforcing 

them, to stay flexible and dynamic in order to 

adjust as conditions and knowledge change. 

Importantly, the future implementation of 

successful management practices requires 

communication, collaboration, and mentor- 

ship (Nowakowski et al. 2021). In order to 

develop  management  plans  which  can  adapt 

with time, gaps between science, industry, gov- 
areas and learn from what has worked, while 

also adapting to what did not. Re-assessment 

of MSP should occur every few years to reflect 

developments in socioeconomic and environmen- 

tal parameters to keep up with and implement 

the benefits of evolving information in the field. 

 
LONG-TERM STRATEGIES FOR REEF PROTECTION 

Current strategies for managing anthropogenic 

effects on coastal and reef environments are only 

part of the solution. While MPAs and MSP are 

effective, they do not stop climate change asso- 

ciated alterations such as ocean acidification, 

temperature increase, and hypoxia. Heat stress 

and associated mass bleaching events are of pri- 

mary concern. In the last 10 yr, research has seen 

exceptional steps forward in understanding the 

molecular underpinnings of temperature toler- 

ance of the corals including not only the coral 

host, but also associated symbiotic algae and the 

microbiome, known as the coral holobiont 

(Cziesielski et al. 2019). The understanding of 

basic holobiont function lends itself to another 

style of management, which production of spe- 

cific stress markers (i.e., metabolites or tran- 

scripts) will be expressed in all coral species/ 

populations and can be used as indicators for 

stress levels of different types of stressors. 

Deciphering the genetic traits which deter- 

mine tolerance, as well as the underlying mecha- 

nisms of metabolic and chemical communication 

between symbiotic partners, is fundamental in 

our efforts to help coral reefs survive climate 

change. Hope that corals are indeed capable of 

adapting to warmer oceans has often come from 

reefs which exist in the warmer waters of the Red 

Sea, where corals have often been hailed as par- 

ticularly heat resilient (Osman et al. 2018; 

Kleinhaus et al. 2020). Scientists have recently 

succeeded in new assisted evolution approaches 

which enabled lab grown temperature tolerant 

symbionts to be taken up by coral larvae and 

overall increase coral’s heat tolerance (Buerger 

et al. 2020). If these efforts continue to show 

success in a variety of coral and symbiont spe- 

cies, hope exists for the reseeding of dead reefs 

with more tolerant coral offspring helping to 

replenish many of the damaged populations. 

While these developments are of significance, 

it is important to remember that we are far from 

conserving reef diversity as a whole. Due to phe- 

notypic variations from one coral colony to 

another, it is imperative to remember that not 

all colonies will experience stress the same way 

(see review Cziesielski et al. 2019). The role 

which phenotypic variation plays in genetic 

adaptation and responses are so far only broadly 

understood. Furthermore, relationships between 

corals and their symbionts are inherently complex 

and selective. Thus, a heat tolerant algae may not 

necessarily be accepted into host tissue or, if it 

is, may not necessarily confer thermal tolerance. 

The complexity of the coral holobiont and the 

intricacy of genetic markers and responses require 

significantly more work. Here, it will require not 

only researchers working on various parts of the 

holobiont to come together, but also for marine 

scientists to look for expertise regarding mecha- 

nisms and methods from other fields. If we wish 

to conserve coral reef diversity as a whole, imme- 

diate action toward effective MSP and MPA plan- 

ning will have to occur in parallel to continued 

long-term investments into understanding funda- 

mentals of molecular mechanisms and developing 

tools for assisted evolution. 

 

HOPE FOR THE FUTURE 

Although there are numerous threats which 

coral reef ecosystems face, we continue to 

identify areas of hope for the survival of corals 

in the short and long term. These approaches 

will have to be adapted not only by location 

ernments, and local communities need to be 

closed, and the communication channels devel- 

oped. The growing international recognition that 

reef protection is desperately needed as well as 

an increase in scientific, political, and social 

interest in coral reefs, indicates to us as early- 

career scientists that there is reason to continue 

our work. Much learning and adapting is still left 

to be done in terms of management techniques, 

but evidence indicates that we can ensure a 

future for coral reefs if we act now. This aware- 

ness fuels hope and motivation in us early-career 

scientists to continue striving for new horizons. 
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