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1 Understanding Biological Invasions 

The establishment of introduced (non-indigenous) animals, plants and microorganisms in locations 

outside their native range is one of the most serious threats to the natural ecology of biological 

systems worldwide. This is because the successful introduction and establishment of non-

indigenous species (NIS) can result in biological invasions, which may adversely affect native 

biodiversity, industry and human health.  

There are three main phases in the biological invasion process as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transport of marine species occurs primarily by shipping activities, through fouling communities 

attached to hulls and in ships’ ballast water and associated sediments. Due to the adverse effects 

they may have on receiving environments, these ‘hitchhiker’ species have become a major 

environmental challenge. 

 

 

1. Introduction 

 

2. Establishment 

 
3. Spread 

 
1. Introduction of the species 

Species must survive during and after the 

journey. Many species fail to survive because 

of unsuitable environmental conditions such as 

light, temperature, salinity, nutrient levels, etc. 

2. Establishment and reproduction of the 

introduced species 
The survivors must persist and reproduce 

successfully until they naturalise i.e. establish a 

self-sustaining ‘founder population.’ 

 

 
3. Spread 

The established species begins to multiply and 

spread, sometimes after a substantial time lag 

(or lag phase) i.e. of a few years, or even 

decades. This is the explosion phase (i.e. they 

become invasive). 
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Almost any type of organism can be transferred in situations where water is transported from one 

ecosystem to another (e.g. ballast water in ships).  This is because almost all marine species – 

including many fish - have a planktonic stage in their life cycle (see below), and these free-floating 

larval forms are easily transported in a viable state. 

 

         

Prawn and clam life cycles (Global Invasive Species Programme) 
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The introduction of NIS into a new environment can have serious negative consequences for the 

environment and local biodiversity, for industries and users of natural resources, and also for the 

health and welfare of those associated with the affected marine systems. While there can be many 

direct and indirect impacts of invasive marine species, the principal consequences can be grouped 

into three main categories - ecological, economic and human health. 

 
 
The green seaweed Caulerpa taxifolia is a good example of an IAS 
with multiple types of impacts. It has rapidly spread through the 
Mediterranean Sea including the North African coast, causing 
ecological and economic devastation. It is reported to have harmed 
tourism and pleasure boating, devastated recreational diving, and 
had a costly impact on commercial fishing, both by altering the 
distribution of fish as well as creating a considerable obstacle to net 
fisheries. The dense carpet that this species can form on the bottom 
could also stop the establishment of juveniles of many reef species. 

 

 

 
Dense carpet of Caulerpa taxifolia on the Mediterranean seafloor 

(Alexandre Meinesz) 

 

 

Several other case studies and examples of impacts from NIS are detailed in the course PPT 

presentation as well as the associated PBBS Guidelines. 

Because containing or eradicating a marine species once it is established is considered to be 

difficult, if not impossible, the management of NIS must focus on precautionary measures, such 

as the implementation of the IMO BWM Convention. Determining the impact of NIS identified in 

ports requires detailed information on the species’ local abundance and distribution, seasonality 

and mechanisms of dispersal, and an evaluation of their interactions with native organisms through 

space and time. 

The introduction of NIS is a global problem that can be mitigated only through coordinated 

international action. 
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2 Hazard, Exposure, Vulnerability and Risk  

2.1 Hazard Definition 

Hazard refers to any source or condition that may cause damage, harm or affect health. As potential 

sources of damage or harm to people or the environment, some examples of hazards are as follows: 

Examples of Hazards 

 Chemical hazards - Flammable (methanol, diesel fuel); Corrosive (acetic acid, sodium 

hydroxide); Reactive (nitric acid, sodium metal); Explosive (TNT, picric acid); Toxic 

(Carcinogens like benzene, Poisons like sodium azide), etc. 

 Physical hazards at workplace - Smoke, noise, heat, etc  

 Electrical hazards - Inadequate wiring, improper grounding, high voltage, etc. 

 Ergonomic and Psychosocial hazards hazards - Working conditions, bad work posture, 

monotony, poverty, lack of education, mental stress and diseases, etc. 

 Mechanical hazards – Unprotected gears, sharp edged tools or objects, etc. 

 Biological hazards - Harmful aquatic organisms, pathogens, infectious diseases vectors 

like vibrio chlorae, etc. 

 

Ballast water and sediments discharges and disposal generate hazards to human and animal health, 

the environment and coastal-dependent activities.  

Ballast water discharge and ballast water management techniques expose the reference system 

(e.g. marine ecosystem, ship system, coastal activities, etc.) to the following types of hazards: 

1) Chemical hazards - hazard from biocides applied during treatment of ballast water. 

2) Physical hazards - hazard related to the management of BW (e.g. UV).  

3) Ergonomics and Psychosocial hazard - hazard arising from fatigue as a result of onboard 

management of ballast water by ship's crew, maintenance of system and other ballast water 

management activities. 

4) Biological hazards- Bio-hazard are the consequences of the discharge of harmful aquatic 

organisms and pathogens (HAOP) contained in untreated ballast water. These discharges could 

lead to impacts which are environmental (like loss of biodiversity), public health (diarrheic, 

paralytic and neuro-toxic poisoning), socioeconomic (algal bloom resulting in aesthetic 



 

10 
 

impairment and consequently closure of beaches, water hyacinth invasion blocking ship's water 

channel etc). 

2.2 Hazard and Risk Relationship 

If hazard is the potential for a substance or a condition to cause harm, the likelihood for that hazard 

to cause harm constitutes risk. Risk only arises in the presence of a possibility of a hazard to cause 

harm. It also aid in determining the magnitude of the chance (low, medium, or high) that any of 

the identified hazards stated will lead to harm. The notion of risks introduces probabilities of 

damages due to hazards (Figure 1).  

 

Figure 1 - From hazard to risk 

 

The probabilities are conditioned to several factors such as exposure (Is the system often and 

seriously exposed to the hazard?), vulnerability (Is the system able to resist the hazard?), and 

consequences (are the consequences of hazard very severe?).  

 

Figure 2 - Elements to consider in risk evaluation 

The purpose of this analysis is to make sure the hazard is analyzed in the particular context of the 

system to protect (Figure 2).    

5 

Hazard and risk relationship 

HAZARD 

Any source that can 

cause damage or 

harm 

 
Likelihood that someone 

or something will be 

harmed or damaged by 

the hazard 

RISK 

The notion of risk relates to the 

probability of hazards to cause harm 

6 

From Hazard to Risk 

Define the 

system to 

preserve 

HAZARD 

Assess 

EXPOSURE 

Ensure 

VULNERABILITY 

Estimation OF 

CONSEQUENCES 

RISK Inspired from Regional RiskScape tool /  King, A. B., Cousins, W. 
J., Heron, D. W., Matcham, I., Pringle, R., Bell, R., ... & 

Henderson, R. (2008). Regional RiskScape: a multi-hazard loss 

modelling tool. In 4th International i-Rec Conference 
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2.3 Notion of exposure  

The exposure of a system is the contact that its elements have with the hazard (IRGC, 2005). 

The notion of exposure relates to how the system to preserve is exposed to conditions that may 

result in harm to the system. It is vital to determine the types, levels and areas of exposure.  

The transfers of HAOP (a biological hazard) for example, via ship’s ballast water from a donor to 

a recipient environment provides a situation where the recipient marine environment comes into 

contact (or exposure) with the biohazard ((HAOP), which although latent may become active (i.e 

harmful) under the right conditions. The probability of occurrence of this active scenario is a risk. 

The exposure and risk increase according to the volume of BW discharge in the port. Often, more 

ship traffic in the port means larger exposure.  

2.4 Hazard Vulnerability 

Vulnerability means the susceptibility of a system to the impact of hazards (United Nations, 2004). 

It refers to the quality of exposure. If the system is invulnerable, the exposure to the hazard is not 

an issue. However, there is no invulnerable system but each system, particularly ecosystems, 

possess different vulnerabilities. The vulnerability highlight the capacity of the system to absorb 

(or not) the hazard.  

In short, the notion expresses the level of resilience1 of the system in the face of a hazard and the 

means by which it can be reinforced.  

The vulnerability of a system to environmental stress or biohazards is assessed with respect to 

three major variables: exposure, sensitivity and resilience (Figure 3).  

Their relationship is expressed as: 

 

 

 

Figure 3 - Three main factors influencing vulnerability 

The more sensitive a system is the more vulnerable it is to a hazard. The sensitivity of the 

ecosystem to a hazard is the extent to which the system can be damaged by the hazard (e.g 

biological, chemical hazards) 

The more resilient the system is, the less vulnerable.  

                                                           
1 Resilience: ability of a system to cope with a disturbance or a change / ability to resist without or with limited 
damage 

Vulnerability =  
Exposure X Sensitivity

Resilience
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Resilience with respect to ballast water discharge is a measure of the capacity of an 

ecosystem (example the Caspian ecosystem, IMO designated Particularly Sensitive Sea Areas such 

as the The Barrier Reef, Australia; The Galapagos Archipelago, Ecuador; The strait of Bonifacio, 

France and Italy etc.) to absorb stress as a consequence of the discharge of harmful aquatic 

organisms and pathogens via ship ballast water and still maintain its ecological balance and 

functionality.  

2.5 Estimation of Consequences and farmer’s curve 

The magnitude of a risk will depend on the degree of exposure of a system to the hazard that led 

to the risk. The magnitude determines the decision on how the risk is dealt with. In the estimation 

of consequences, one needs to determine for example the extent of damage to the system, the level 

of harm to people, what is the monetary implication of the response mechanism and restoration.  

Risks are usually weighed quantitatively, semi-quantitatively and by using a combination of both. 

Numerical and expert judgments are some of the methodologies used in risk measurement. 

 

Figure 4 - Farmer’s curve: probability vs. consequences 

A simplified farmer's curve with respect to ballast water discharge graphically represents an 

approximate inverse variation of the relationship between the probability of introduction of 

harmful aquatic organisms transported via ship's ballast water and consequences of such 

introduction, with the potential environmental, economic and public health impacts (Figure 4).   

The Farmer's curve shows that the probability of introduction needs to be very low especially in 

instances where consequences will be very serious. 
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2.6 Broad definition of Risk 

Risk can be defined therefore as the probability that a hazard will lead to loss, or injury/damage to 

life, property, or the environment (GEF-UNDP-IMO GloBallast Partnerships Program & WMU, 

2013).  

Both a relative and subjective notion, the notion of risk is perceived and managed differently by 

stakeholders because of the interdisciplinary nature of risk approach (Ikeda, 2006). Risk in the 

construction industry for example is completely different from risk in marine ecosystem 

protection, both in its perception and management. 

 

 

 

 

 

 

 

 

 

 

 

 

From 1840 to 2014, the volume of seaborne trade was multiplied by 500 (from 20 million tons to 10 

billion tons). Consequently, the dynamics of shipping and trade accelerates man-made circulation of 

biodiversity worldwide.  

Therefore, the introduction of HAOP via ship’s BW (and biofouling) has become a major threat for 

marine ecosystems: a hazard with very high probability. 
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3 The risk management process  

Two steps form risk management: risk assessment and risk mitigation (Figure 5). The overall 

process aims to support for decision-making in numerous fields and activities.  

In order to have an effective risk management, the environment or context within which an 

organization's objectives can be achieved needs to be established.  

 
Figure 5: Risk Management Process (Source: GEF-UNDP-IMO GloBallast Partnerships Program & WMU, 2013). 

 

3.1 Risk Assessment Phase 

The Risk Assessment (RA) phase represents a systematic and rigorous data collection supporting 

a scientific risk analysis process (GEF-UNDP-IMO GloBallast Partnerships Program & WMU, 2013). 

In order to support the determination of acceptable control measures, the risk assessment process 

must be scientifically justified. 

So several risk assessment methods are recognized to support data collection.  
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The methods can be:  

 Quantitative (using numerical values) 

 Semi-quantitative (using scoring) 

 Qualitative (expert judgment) 

 Combined method (cross quantitative and qualitative data) 

Each method possesses advantages and drawbacks as well as requires more or less resources.  

Risk assessment is a logical process for assigning the likelihood and consequences of specific 

events, such as the entry, establishment, or spread of harmful aquatic organisms and pathogens 

(IMO G7).  

The aim of risk assessment is primarily to assist decision makers in the selection and deployment 

of mitigation measures or barriers that are optimum both in terms of efficiency and cost.  

 

Three steps form the risk assessment, they are detailed in paragraphs 2.1.1 to 2.1.3. 

3.1.1 Hazard Identification 

Hazards identification constitutes the referential structure of risk approaches from which hazards 

are identified and later evaluated. Systematic data collection process supports hazard 

identification.  

3.1.2 Exposure and Vulnerability Assessment 

After identifying, the next stage is to assess the hazard in context (i.e. system’s vulnerability). It 

means to evaluate the proximity/frequency with the hazard (i.e. exposure) and the sensitivity and 

resilience of the system when confronted with the hazard.  

3.1.3 Risk Characterization and Estimation 

The magnitude of a risk depends on the degree of exposure of a system to the hazard that led to 

the risk. Risks are usually weighed quantitatively, semi-quantitatively and by using a combination 

of both. Numerical and expert judgments are some of the methodologies used in risk measurement. 

3.2 Risk Mitigation Phase 

Risk mitigation is an active process that explores all options of reducing and eliminating identified 

risks and develops appropriate risk control measures.  
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Mitigation measures are defenses lines or barriers before exposure (preventive) or after exposure 

(protective) to a hazard, thereby reducing both the exposure and vulnerability to the hazard.  

 
Figure 6: Metaphorical Swiss-Cheese Model of Human-Induced Barrier for Ballast Water Management (modified 

from Reason et al., 1990; 2006). 

An example is the protection of the marine ecosystem from the risks of species introduction via 

ship’s discharge of untreated ballast water. Mitigation measures could come in the form of 

engineering artifacts (e.g. ballast water treatment systems) or administrative measures like flag and 

port state control compliance functions and policies (e.g. BWM Convention) as depicted 

metaphorically by the Swiss-cheese model in Figure 6.   

3.3 Subjectivity and Limitations  

Risk analysis entails subjectivity because concept and reference system are determined by 

individual expertise and practices.  

Therefore, risk management cannot be an exact science. However, all measures must be in place 

to reduce subjectivity and at least recognize it. Indeed, context, experience, research field, personal 

preferences and culture influence the researcher.  

Risk is complex because it involves numerous interactions.  

The successful recognizance and integration of the following variables enhance the accuracy of 

the risk management process:  

 Subjectivity. Each researcher and observer has a different view of the risks, their categories 

and relative importance.  

 Uncertainty. Uncertainty is created by the inadequacy of data in the risk assessment process 

especially ecological processes. 
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 Dynamic nature of risks. Risk may change overtime. Therefore, continuous monitoring of 

systems is required.  

 Complexity. Complexity presupposes the presence of multiple criteria or variables for 

consideration in the assessment of the risk. This complexity could lead to inadequate data 

and uncertainty.  
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4 Risks in the context of Ballast Water Management 

4.1 Diversity of Risks: BW discharge risks and BW management Risks 

The different marine biogeographic regions do not have precise boundaries like political and social 

boundaries. They may be relatively isolated one from another, especially if they are distant. When 

HAOP are introduced in a new region, it disturbs the present ecosystem. After introduction, there 

is no solution to control this disturbance and its short-term as well as long-term impacts on the 

ecosystem. In short, introduction of non-native species may disturb ancestral equilibrium with 

deleterious consequences.  

 

Because the precise functioning of ecosystems remains uneasy to comprehend by scientists, a 

strategy based on trying to “repair of marine ecosystem” cannot constitute an option to address the 

consequences of BW discharge. Facing the present inability to protect the environment after an 

introduction, preventive measures considering the shipping context must be developed to prevent 

any risk of introduction of HAOP.   

Vital to present world structures, shipping moves an estimated 90% of global trade. So, 

implementation of new regulation must integrate the shipping legal constraints as well as consider 

its economics.  

Ballast water is used to distribute weights on board ships in order to navigate them safely and 

efficiently (hull strength, stability, propeller immersion level, buoyancy, maneuverability, 

visibility, etc.). Therefore, in present fleet, BW is paramount.   

So, policies and regulations to eliminate the transfer of HAOP via BW must (Figure 7):   

 Develop preventive measures to avoid the released of unmanaged BW;  

 Consider the present fleet operating with BW;   

 Integrate the shipping constraints (legal framework and economics).  
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Figure 7: Interactions between human activities and the water environment (Source: GEF-UNDP-IMO GloBallast 

Partnerships Program & WMU, 2013). 

 

While the eradication of BW risks is unachievable with present fleet because ships still operate 

with BW, the management of the risks to an acceptable level is possible.  

The associated risks are divided into two (Figure 8) categories: Risks related to discharge of ballast 

water and sediments and risks related to their management. 

 

 



 

20 
 

 

Figure 8: Diversity of risks 

To control the introduction of these harmful aquatic species via ships' ballast water, the parties to 

the International Maritime Organization (IMO) adopted the Ballast Water Management 

Convention (BWMC) in 2004. 

The Convention set barriers and controls to prevent, minimize and ultimately eliminate the risks 

from the transfer and discharge of HAOP water (art. 2.1) as well as from the management of 

ballast. In the management of ballast water, the convention (art.2.7) clearly stipulates that ballast 

water management practices employed should not cause greater harm than they prevent.   

The BWM Convention considered the risks of BW discharge (aim of the Convention) as well as 

the risks related to the management of BW.  

The following subchapters show the diversity of the risks related to the topic.  

4.1.1 Risks Related to Discharge of Ballast Water and Sediments 

The impacts of discharged of unmanaged ballast water and sediments by ships could be of 

ecological, public health, economic and social dimensions. The following are some major impacts 

of ballast water discharge: 

 Harm to environments – land and sea 

Diversity of risks –  
BW risks and BWM risks 

12 

RISKS ASSOCIATED WITH BALLAST 

WATER 

AND THEIR MANAGEMENT 

BALLAST WATER 

AND SEDIMENTS 

RISKS 

Environmental risks 
relating to the introduction of alien 

organisms and pathogens 

BALLAST WATER AND 

SEDIMENTS 

MANAGEMENT RISKS  

Other risks arising from the 

management of ballast waters 

and sediments, both on board 

the ship and ashore 
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Unmanaged ballast water discharge has led to the introduction of alien species to new 

environments. This has led to decline in the rich marine biodiversity with an attended 

impact on the services derived from ecosystems (UN, 2011).  

 Impacts on public health  

Potential adverse impacts on public health include: Pathogens such as  Escherichia coli, 

Vibrio cholerae and Cryptosporidium which may lead to diseases in water and seafood; 

Food poisoning caused by biotoxins may lead to diarrheic, amnesic, paralytic and 

neurotoxic poisoning, and even death in some instances. 

 Economic and social impacts of invasions on fisheries, aquaculture and tourism  

Biological invasions interfere with economically and socially beneficial uses of marine 

ecosystems and their resources. Coastal and water-based activities – e.g. fisheries, 

aquaculture and tourism – are particularly vulnerable to biological invasions (GEF-UNDP-

IMO GloBallast Partnerships Programme & IUCN, 2010).  

 Disruption of port activities  

Operations in ports may be disrupted as a consequence of biological invasions. The IMO 

has already made provisions with respect to responding to emergency situations involving 

ballast water operations under additional guidance G13 (IMO, 2008). 

4.1.2  Risks Relating to the Exchange of Ballast Water on the High Seas (D-1) 

 Impacts on the ship's stability, integrity and structural strength 

These risks should be identified and mitigated in the BWMP (see the Guidelines for Ballast 

Water Management and development of Ballast Water Management Plans – G4). 

 Issues related to navigational safety 

Ship functions like propulsion and maneuverability may be temporarily suspended during 

BWE. Bridge visibility may also be impaired, increasing the risks of collision. Mitigating 

measures for these concerns should be provided for in the management plan (BWMP). 

 Inherent limits of  BWE 

Ballast water exchange (BWE) was not factored in contemporary ship designs. Studies 

have shown serious limitations and uncertainties. The IMO considers D-1 as an interim 

solution.  
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4.1.3 Risks Relating to the Treatment of Ballast Water  

 Increased corrosion in ballast tanks and related arrangements 

Studies have shown that oxidizing agents used in treating ballast water in some treatment 

technologies may result in some side-effects such as corrosion and degradation of ship 

structures, piping and protective coatings (Sassi et al., 2005; Stuer-Lauridsen, 2011; NACE 

International as cited in IMO, 2012a; IMO, 2012b). 

 Transport, storage, handling, delivery and use of  active substances 

Chemicals such as chlorine, chlorine dioxide, ozone, peracetic acid, hydrogen peroxide and 

perchloric acid used in the treatment of ballast water need careful handling and safe storage 

(Tan, 2011). This is because some of these chemical substances may be flammable, 

explosive, toxic, corrosive, radioactive, carcinogenic or may have chemical reactive 

properties (Carson & Mumford, 1988). Also, all shipboard and shore personnel involved 

in the transport, storage, handling, delivery and use of active substances should be 

adequately trained, particularly with regard to chemical identification, segregation, 

instability, ignition properties and containment.  

 Potential release of  hazardous substances in the marine environment 

(accidental/chronic) 

Acute chemical pollution may occur when hazardous substances end up in the marine 

environment as a result of spillages from the BWTS or chemical spillage (IMO, 2009) 

during the transport, storage, handling and delivery of these substances. 

 Inherent limits of  BWT 

Because most of the chemicals used in ballast water treatment require a minimum holding 

time for either effective treatment or degradation of the chemical substances (De Souza, 

2010; Stuer-Lauridsen, 2011; EPA, 2011). Also, the Ballast Water Performance Standard 

does not limit the amount of viable organisms that are less than 10 µm in dimension and 

thus does not provide protection against some organisms that are harmful to human health 

(ICES/IOC/IMO Working Group on Ballast and Other Ship Vectors, 2012). 
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4.1.4 Risks Relating to the Management of Ballast Water and Sediments, On-board Ships 

and/or Ashore 

 Additional air emissions 

Dangerous chemical vapors, such as the trihalomethanes50 (THMs), chlorine gas and 

ozone gas, may be emitted into the atmosphere at the same time that air is vented from 

ballast tanks (Sassi, et al., 2005 ; GESAMP-BWWG as cited in IMO, 2007, 2011;  Bowmer 

& Linders, 2010;  Richardson et al., 2010). Also, safety concerns have been raised because 

some BWMSs may generate hydrogen gas, which increases the risk of explosion onboard 

ships (IMO, 2012b). 

 Occupational Safety and Health issues (OSH) 

Seafarers and onshore personnel may be exposed to mechanical, physical, electrical, 

chemical and biological hazards while inspecting, cleaning and repairing ballast tanks, 

removing sediments and sampling ballast water.  

 Impacts on the ship’s resilience 

An unreliable ballast water system therefore, operating in an unpredictable environment, 

will affect the resilience and integrity of the vessel as a whole.  

 Limitations of BW sampling 

Because of the volumes contained in BW tanks and the diversity of organisms, present 

sampling and analysis methods need to be better developed to reach consensus among 

scientists.  

 Human factors 

Human operators are prone to fatigue, increasing the mistake rate, but they are also prone 

to boredom and personal preferences regarding a certain organism group, leading to over 

or underestimations.  

 Economic impacts on the maritime industry 

Compliance with the BWM Convention incurs compliance costs for shipowners and 

operators as well as for port authorities and regulators.  
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4.2  The BWM Convention: A Risk Management Tool 

In the event that hazards and risks are identified, and then assessed, the Convention requires that 

mitigation measures be put in place to eliminate or mitigate them.  

 These measures are intended to minimize the potential for harm to the ship, human health 

and the environment.  

 The convention requires also that these mitigation measures should not create more harm 

to the environment than they prevent. 

Scattered in the text either explicitly or implicitly, the notion of risk is omnipresent in the 

Convention:  

 Risks related to BW discharge lead to the determination of two standards:  

 D-1: Ballast Water Exchange Standards. In short, Ballast Water Exchange 

Standard Regulation D-1 requires 95% volumetric efficiency in the 

performance of ballast water exchange. This procedure should carried out 

at a position at least 200 nautical miles offshore and in at least 200m depth 

of water or at a location at least 50 nautical miles offshore and in at least 

200m depth of water.  

 D-2: Ballast Water Performance Standards. Regulation D-2 is a goal-based 

discharge standard which requires the deployment of treatment methods. 

The BW discharge cannot exceed the required standards.  

 Risks associated with the operation and management of BW are considered (e.g. G4 on 

BWM Plan). 

 Procedures to approve BWM systems require in-depth risk analysis (G8 and G9). The IMO 

approval regime of ballast water management systems is based on two guidelines; IMO 

guideline G8 and G9. G8 requires the flag state authorities to approve a ballast water 

management system that does not use active substances but meets the standards of 

regulation D-2. Guideline G9 stipulates the requirements for the approval of management 

systems that satisfy D-2 by employing active substances as part of the management 

processes. The approval based on G9 must be endorsed by the IMO Marine Environment 

Protection Committee (MEPC) 

 Explicitly, the BWM Convention demands risk assessment before issuing exemption. 

 If an area of high risk is detected, warnings must be sent to ships. 
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 Compliance Monitoring and Enforcement regime constitutes barriers to avoid high risk 

BW to be discharged.  

4.3 Shipping Framework to Enforce Regulations 

4.3.1 Risk Mitigation in Shipping Context 

The impacts of harmful aquatic organisms once introduced into a new environment cannot be 

reversed. Therefore the risks associated with transfer of harmful aquatic organisms via ship's 

ballast water must be managed through the development of preventive barriers able to isolate the 

hazard from the system to protect.  

The BWM Convention determines measures to manage the risk as well as establishes control 

mechanisms to verify the proper implementation of these measures on board ships and in the 

development of new technologies (e.g. approval process of D-2 standards BWM systems).  

The implementation and enforcement of BWM Convention depend on State’s abilities to verify 

ships and force compliance.  

 

Figure 9: State Action: Jurisdictional Interactions of Authorities (Source: GEF-UNDP-IMO GloBallast Partnerships 

Program & WMU, 2013) 
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In this respect, the flag State oversee its fleet particularly through survey and certification of ships 

and the issuance of type-approved certificate for BWM Systems. The primary role of the coastal 

State is to monitor and protect the marine environment, activities and population. Finally, the port 

State's responsibility is to protect port area and to ensure foreign ships do not endanger the location 

or violate international standards. Moreover, port States participate to the global enforcement of 

international standards through Port State Control (PSC). 

4.3.2 Mitigation Measures Organized as Barriers 

The main stakeholders in charge of implementing BWM requirements are the ship-owners 

(provide resources to meet regulations’ standards), the ship’s crew (comply with regulations) and 

the flag State (verify the implementation).  

Flag state risk control measures cover the human, technical and organizational sphere of the ship’s 

daily operations (Figure 10). 

 

Figure 10: Ship Risk Mitigation Measures (Source: GEF-UNDP-IMO GloBallast Partnerships Program & WMU, 

2013) 

 

Moreover, the coastal State and port State have to place additional barriers to ensure ships do not 

discharge unmanaged BW.  
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5 THE ROLE OF PORT BIOLOGICAL BASELINE SURVEYS (PBBS) 

5.1 Surveys to Support NIS management 

5.1.1 Why survey ports? 

Ports are the most likely places for new marine species to arrive and settle, and therefore a logical 

place to initiate biological surveys. Environments within port areas are generally distinct from 

coastal systems due to the large number of artificial structures and the nature of the activities within 

ports, including but not limited to shipping.  Ports have numerous man-made structures, are 

frequently subject to dredging and water quality is often impaired to some degree; there is also 

much turbulence and redistribution of sediments. Although biological monitoring programmes are 

routinely carried out in many countries, these rarely include sampling sites in ports. Because ports 

have connectivity to the open coast, any biological changes occurring within the port may have 

effects on adjacent coastal ecosystems. 

The BWM Convention clearly recognizes the need for biological information on coastal and inland 

waters frequented by shipping in order to: 

a) assess historical exposure to non-indigenous species introductions  

b) detect impacts on native species and communities exposed to such introductions  

c) monitor change in species composition over time 

 

Such information is a crucial component of risk assessment for ballast water and NIS management. 

Although port surveys are not a specific requirement under the BWM Convention, risk-based 

approaches are central to ballast water management. It is therefore appropriate that countries take 

steps to improve their information base on NIS, and where possible carry out PBBS in their major 

commercial ports. 

 

5.1.2 What is a PBBS? 

 

A PBBS is a scientific survey of the port’s biological communities and ecology, 

focusing on the identity, distribution and abundance of NIS, some of which may 

prove invasive and ecologically damaging. 

Biological and ecological information for port areas is generally scarce and seldom updated. This 

is due in part to the difficulties associated with scientific sampling in maritime and port areas, 

especially in light of security measures operating within most major ports. A well conducted PBBS 

will provide an inventory of the more readily-observed plants and animals occurring in the various 

habitats and substrates of the port environment, as well as some of the more cryptic species. 
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An important message from this course is that PBBS do not need to be excessively 

complex or costly and should always be undertaken according to the resources 

available. It is better to conduct a simple, selective PBBS for a port frequented by 

ballasted vessels than to avoid the task because it cannot be done 

comprehensively.  

 

5.1.3 Support for management 

 

PBBS may prove to be an effective catalyst in building support for ratification and 

implementation of the BWM Convention and is essential for risk assessment and 

mitigation. In accordance with the Convention, risk assessments based on reliable 

biological data and on-going monitoring may be used to provide exemptions under 

Regulation A-4 for specific ships operating between specified ports and locations (e.g., 

those operating on low-risk routes). 

In the context of BWM, a PBBS can provide valuable support, including:  

  

a) Information for relevant authorities on the status of NIS, including those that may be 

harmful and those that have been introduced by shipping;  

b) Preparation of an inventory of aquatic plants and animals inhabiting the port and adjacent 

areas;   

c) Guidance for the development of BWM strategies and management measures; and   

d) Development of a baseline of biological data against which future changes can be 

measured. 

e) Reinforce arguments for preserving the areas’ natural biodiversity, and  

f) Support granting exemptions under regulation A-4 of the BWM Convention, 

based on the IMO guidelines for risk assessment (G7).  

 

 

5.2 Standardizing the Approach 

A uniform application of PBBS procedures would help to harmonize approaches to port surveys 

in different countries and regions, for example, by encouraging similar levels of sampling 

intensity and thereby facilitate comparisons of NIS occurrence and abundance. Several port 

sampling programmes have therefore developed different sampling protocols, e.g. in USA, 

Australia/New Zealand and Europe. The CRIMP protocols developed in Australia have been 
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widely used and promoted through the GloBallast Programme. These are further detailed in the 

PBBS Guidelines.  

Taking into account the above considerations, a range of examples covering different levels of 

PBBS, in terms of scope and scale, is shown in Figure 1 below. These options are categorized 

into different levels, based on the scope of work, manpower, funding and infrastructure 

requirements. They are by no means exclusive, but it is clear from the examples that cost and 

logistics become greater with increasing scope and complexity. 

 

 

* Areas with increased likelihood of finding NIS  
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6 PRE-ARRIVAL RISK ASSESSMENT PRINCIPLE 

6.1 Pre-arrival Assessment 

As part of a comprehensive biosecurity strategy, pre-arrival RA intends to evaluate the risks caused 

by a ship and its BW before its arrival in port (the entry point). 

The RA allows to anticipate BW risks and to determine adequate mitigation measures to demand 

before ship’s arrival (e.g. BW Exchange) or to implement in the port. Moreover, the pre-arrival 

RA facilitates the targeting of high-risk ships and the concentration of limited resources on these 

ships.  

The RA requires strict data collection from ships as well as the processing of this information in 

the context of the port ecosystem. Indeed, the RA need an evaluation of the BW onboard the ship 

and the risks the discharge of such BW may cause to the specific environment of the port. It means 

the port environment and its vulnerabilities must be assess through regular Port Biological Baseline 

Surveys (PBBS).   

6.1.1 Data collection from ships 

In order to collect data from ships, the crew must maintain records of BW operations. The BWM 

Convention and the countries imposing BW regulations impose BW Record Book (Figure 11).  

 

Figure 11:  Typical BWRB from a ship 

 

In addition to required BWRB, the port may demand the ship to complete a declaration of ballast 

water to discharge or/and all ballast water on board. This declaration is known as the Ballast Water 

Reporting Form (BWRF).  

In such document, the crewmember in charge of BW Operations (as identified in the BWM Plan) 

highlights the tanks to discharge and eventually declare all tanks (according to port requirements).    

Although the BWM Convention does not clearly make provisions for a BWRF, the use of the 

document can be inferred under Regulation C-1 of the Convention for additional measures. With 

the help of the internet using web-based forms or electronic mailing system (e-mails) a contact can 
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be established between ships and port authorities with respect to ballast water information on board 

the ships. A typical BWRF (Figure 12) should contain information on the number of ships in the 

port; frequency of visits; volume of ballast water discharged; BW tank size; salinity; temperature 

etc. 

The most frequently used parameter in risk assessment especially for environmental matching 

purposes are temperature and salinity.  

 

 

Figure 12: A Typical Ballast Water Reporting Form (BWRF) as required by IMO Resolution A.868(20) 

 

As a vessel pre-arrival document, the BWRF is sent in advance (12h to 96h) to the next port of 

call. BWRF content is analyzed by authorities and serves as a basis for RA and determination of 

mitigation measures.  

In well-established BWRA Systems (e.g. USCG), the quality of data provided by the ship is 

evaluated to avoid missing information, unreadable and misspelled information, factual mistake 

and transcription errors.  

In case of doubt or error, the authority in charge of analysis may demand additional information 

or/and a corrected declaration.  

In addition to pre-assess the risk caused by BW, the BWRF also serves to collect numerous 

information to support statistical development and training purposes such as : assessment of ship 
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traffic per port, identification of ports sustaining large BW discharge rates, evolution of ship 

discharges, assess the efficiency of the system and support PSC Officers training on BWM 

Convention. 

6.1.2 Data processing: ship data vs. port environment 

The BWRA requires adequate and establish methods to process the information provided by ships 

and evaluated in port context.  

Ballast water risk assessment methodology can be quantitative, semi-quantitative and qualitative. 

The quantitative methodology for example may involve the collation of port physico-chemical and 

biological baseline data. Qualitative data could come in the form of subjective parameters (high, 

low, likely, unlikely etc) while a semi-quantitative data has a minimized version of subjective data, 

usually a mixture of quantitative and qualitative.  

IMO-GloBallast Risk Assessment framework preferred the semi-quantitative methods and 

proposed a methodology to process the ship’s data vs. the port data.  

The core of the analysis is based on environmental similarity between the location where the BW 

was uploaded and the port area. Several categories can organize the 34 criteria listed by the IMO-

GloBallast: Sea temperature, Air temperature, Salinity, Tide, Rainfall, River system, Habitats.   

The environmental matching method is completed by risk species analysis. Identified high-risk 

species are collected and classify according to their “taxonomic details, bioregion distribution, 

native/introduced status and level of threat” (Clarke et al., 2003) for the designated port.  
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Figure 13: Compare data, identify the risks and determine adequate measures  
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7 CASE STUDIES – Pre-arrival BWRA Systems 

The following case studies are some examples of Ballast Water Risk Assessments (BWRA) 

conducted for different places. 

7.1 BWRA by International Ocean Institute (IOI) South Africa applied in Port 

Louis, Mauritius. 

The IOI supported the PBBS and the development of a BWRA in Mauritius.  

The installed system is the Ballast Water Risk Assessment and Decision Support (BWRADS) 

system (Awad et al, 2014). It was designed for Compliance Monitoring and Enforcement (CME) 

of the BWM Convention using the selective risk assessment approach where highest risks vessels 

visiting a port are targeted.  

A Global Risk Distribution from the BWRADS with respect to temperature is shown in Figure 14, 

showing regions of negligible risk to very high risk. Also incorporated into the system is the global 

record of invasive species presence and distribution.   

 

Figure 14: Global temperature distribution in IOI BWRADS (From IOI presentations made by Adnan Awad, 

Letitica Greyling & Reuben Roberts) 

 

The following three risk assumptions which provide relative risk levels are built into the model: 

 Environmental similarity of areas with same temperature is rated as high where there is 

no difference between regions e.g. tropical-tropical; where there is a single class difference 

e.g. tropical-subtropical, it is rated medium; in the case of two classes difference e.g. 
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tropical-warm temperate, the rating is low; and three classes difference e.g. tropical-cold 

temperature is rated as negligible.  

 Presence of invasive species range from no risk to negligible risk levels and 

 Voyage-specific risk. Number of discharge and duration of voyage affects the 

determination of risks as well as the traffic. 

The Ballast Water Reporting Form (BWRF) provides the information to assess the relative risk 

for harmful aquatic organisms’ introduction to be discharge in the port. The RA generates 

(example shown in Figure 15) a vessel inspection decision.  As the system is based on easy 

available software (Microsoft access), the installation of the IOI system is simple and cost 

effective. However, its database remains limited because only three components are required 

for the risk assessment as against the 34 parameters required by the IMO-GloBallast. 

 

Figure 15: An IOI BWRADS User Interface (From IOI presentations made by Adnan Awad, Letitica Greyling & 

Reuben Roberts) 

 

7.2 BWRA in India 

In India, a comprehensive Port Biological Baseline Survey (PBBS) database has been developed 

for the ports. The data collection teams used a truck-based mobile laboratory (Figure 16). The 

mobile laboratory enhances the capacity for cost effective data collection around the country, and 

it is served as a training base for young biologists and scientists to collect and analyze samples.  

In addition to PBBS, the research team developed an electronic BWRF for India but also available 

to other countries.  

BWRFs from ships are submitted voluntarily online or via email. The data contained in BWRF is 

subsequently processed and stored in a database recording ballast water discharges around India.  
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Figure 16: A Mobile Laboratory for PBBS in India (From presentations made by Dr. A.C. Anil) 

 

7.3 BWRA in Brazil  

In Brazil, the goal is to verify the ships’ compliance with the BWM Convention with respect to 

ballast water exchange requirements through a federal norm named NORMAM-20.  NORMAM-

20 provides a general ballast water exchange guidelines for ships. These guidelines include 

requirements for; ballast water exchange at 200nm, second exchange at the Amazon entrance, 

exchange between the different watersheds in Brazil, a certified ballast water management plan 

and a BWRF.  

Data on ships’ BW discharges and their port sources is collected from ships using the BWRF and 

is afterwards statistically analyzed (Figure 17) to estimate the amount and locations of BW 

discharges in the country. 

 

Figure 17: User Interface for Statistical Analysis of BW Sources data (From presentation made by Dr. Flavio Da 

Costa Fernandes) 
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7.4 Turkish BWRA system developed by TÜBITAK  

This system is a computerized web-based risk assessment system that is developed based on the 

GloBallast BWRA methodology (Figure 18).  

 

Figure 18: Schematic of GloBallast BWRA System (monograph 8) 

To minimize harmful species introduction, the Tübitak’s system aims to:  

 Develop a world port database collecting biotic and abiotic conditions; 

 Evaluate BW discharges in Turkish waters and ports;   

 Target high risk ships for targeted PSC inspections;  

 Propose ballast water exchange route analysis;  

 and eventually, provide a decision support system (DSS) with respect to Regulation A-4 

exemption.  

Three key parameters are monitored and processed to establish RA: Volume and frequency of BW 

from source port, environmental similarity and high-risk species in bioregions.  

Three intertwined databases form the core of the system: port environment, HAOP and BW 

discharge. Each database is permanently updated to produce accurate RA.  
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Figure 19: Ballast Water Risk Assessment (drawing from Tübitak presentation by Dr. Olgun and Dr. Korçak) 

 

Combining biotic and abiotic conditions between source and recipient ports, as well as ship and 

voyage particulars, the BWRA provides a risk estimate for each vessel. Hence, PSC organization 

can focus its resources on targeted ships assigned with the highest level of risk.  

7.5 Global Risk assessment and Decision Support System (outcome of IMO-

GloBallast expert workshop 2016) 

The GloBallast expert workshop held at IMO Headquarter in April 2016 constituted a knowledge 

sharing experience among BWM experts. The main purpose of the workshop was to study the 

feasibility and structure of an integrated Risk Assessment system completed with a DSS.  

The ultimate objective is to support pre-arrival RA and to facilitate issuance of exemptions.  

Elaborated around the GloBallast BWRA, the present concept incorporates its main components:  

1. Data Collection module:  

 BW quantitative data from ships + management processes  

 Port environment parameters + geographic information system (GIS) 

 Risk-species taxonomy + distribution, physiology, tolerance, etc.  

27 

BALLAST WATER  RISK ASSESSMENT SYSTEM 



 

39 
 

2. Processing module:  

 Efficient integration of the previous three databases and resources 

 Quantitative and semi-quantitative analysis to reduce subjectivity 

 Double integration: environmental matching and risk-species  

3. Computation outcome 

 Vessel assessment (BW, species, risk) 

 BW discharge assessment 

 GIS of local area 

 World scale GIS 

From these key principles, the group of expert determined an architecture to comply with global 

needs and having some specific features (global and local database interaction / default option / 

quality-reliability assessment / local setting adjustment). After entry into force, the insertion of a 

module on BWM Systems should be integrated with at least the following information: data on 

each system, system limitations, guidance for inspection.  

Figure 20: Global RA and DSS proposal (inspired from GloBallast, 2016) 

13

 

 

 

10 

The DSS architecture is envisioned to comprise two tracks of IMS: a central and a local IMS. 

Each IMS is a depository for data relevant for assessing risk, plus environmental and biological 

information. The data in the central IMS could be collected from various databases as well as 

any data shared from local IMS. Local is to be understood as coastal States, regional 

cooperation organizations such as HELCOM/OSPAR or any bilateral collaboration on PSC 

concerning ballast water.  

 

The local IMS would contain ship-specific data and environmental and biological 

information such as port biological baseline surveys, and would only be shared with the central 

IMS if not considered proprietary by owners.4  Risk assessments (and supporting data) for 

exemptions and other IMO-recognised RA work in connection with the BWM Convention 

could, if shared, contribute to a more uniform application of the Convention’s compliance 

options. All data included in the central IMS would have to be validated according to an agreed 

methodology before allowed for common use. 

 

 

 
 

 

 

 

                                                             
4 Ownership structure of such data can be very different. Some stakeholders view port biological surveys as 
proprietary. 
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8 RISK ASSESSMENT FOR EXEMPTION 

8.1 Introduction to Exemption 

By their ability to cross seas, ships connect distant ecosystems and consequently may transfer 

harmful aquatic species introduction. As previously stated, the Ballast Water Management 

Convention imposes ballast water management standards to ships (Regulation D-1 and D-2) to 

avoid the transfer of HAOP. However, under certain circumstances, the BWM Convention propose 

the possibility to exempt ships to manage their BW. The conditions to issue exemptions to ships 

are detailed in provision A-4 and Guidelines G7.  

A proper evaluation of the risks (to transfer BW between precisely determined locations) has to be 

undertaken before issuing the exemption. If the risk analysis between locations ascertains 

acceptable low risk to transfer HAOP, the exemption may be granted by each location (also 

considering transiting States – if any).   

8.1.1 Principle of exemption 

An exemption authorizes a ship to not comply with BW management requirements (D-1 or D-2). 

The issuance of exemptions has to respect the framework established by the BWM Convention. 

The principles and procedures to observe before issuing an exemption are presented in regulation 

A-4 of the BWM Convention and its associated Guidelines (G7).  

The Guidelines (G7) for Risk Assessment under Regulation A-4 of the BWM Convention has 

defined Risk Assessment as a logical process for assigning the likelihood and consequences of 

specific events, such as the entry, establishment, or spread of harmful aquatic organisms and 

pathogens in an area. Theoretically, an efficient risk assessment must have the decision making 

capacity at the end of the day to distinguish between the different levels of risk (high or low) and 

should cost less than all the available risk mitigation measures (Barry et al, 2008). 

 Conditions for Exemption- Exemption is granted to ships by parties to the convention under 

the conditions that the ships sail short distances within the same biogeographic region and 

the voyage is between specified ports or locations. No mixture of ballast water from 

different sources and other port locations is allowed. Recorded in the Ballast Water Record 
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Book (BWRB), the exemption is valid for a period of maximum five years and is subject 

to intermediate assessments. 

 Advantages of Exemptions for Shipowners – No investment to install BWM System; no 

maintenance and operations expenses; reduced training of crew; limited administrative 

burden; and no risk of violation form the main advantages of being exempt from BW 

management. Finally, the absence of an operational BWTS reduces carbon footprint.  

 Drawbacks of Exemption for Shipowners - Exemption remain an advantage unless the risk 

assessment cost than the installation of BWM systems. Exemption from the requirements 

of Regulation B-3 (BWM as per D-1 and D-2 Standards) does not exonerate ships from 

BWM Plan and BWRB. After five years, a complete review must be undertaken. Moreover, 

ships with exemptions navigate within prescribed areas and cannot trade outside their 

location. There is a lack of flexibility. In case of resale, an exemption reduces the premium 

on such ship. Risk may be underestimated where there is insufficient or false data.        

8.1.2 Regulation A-4 Exemptions 

Only a restricted number of ships may request A-4 exemptions. Indeed, ships have to navigate 

under certain conditions to justify exemption request (e.g. ferries): specific route; between 

identified ports or locations; short distances; and, where there is no mixing of the ballast water.  

The purpose of the risk assessment imposed by regulation A-4 is to ensure that low risk trade can 

be operated without complying without ship having to comply with D-1 or D-2.  

The Port Authorities and ship-owners have the responsibility to ensure risk-free transit between 

the ports/locations. Therefore, the risk assessment must convince parties by providing sufficient 

scientific evidence.  

To document the risk assessment, the applicant has to perform in-depth analysis of each location 

and demonstrate the innocuousness of BW transfer.  

8.2 Principles of RA for Exemption 

8.2.1 Principle of G7 

The Guidelines G7 has identified the following as the key elements for an effective risk assessment 

(IMO, 2007):  

 Effectiveness – Accurately measure of risks.  
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 Transparency – Reasoning and evidence supporting the action recommended by risk 

assessments, and areas of uncertainty are documented and available. 

 Consistency – Uniform high level of performance, using a common process and 

methodology.  

 Comprehensiveness – Full range of values, including economic, environmental, social and 

cultural, are considered. 

 Risk Management - determining the acceptable level of risk. 

  Precautionary – Precaution when making assumptions, and making recommendations (due 

to uncertainty, unreliability, and inadequacy of information). 

 Science based – Based on the best available science. 

 Continuous improvement – Periodical reviewed and updated to account for improved 

understanding (IMO, 2007). 

8.2.2 Risk Assessment Methods as per G7 

The Guidelines (G7) outlined three risk assessment methods that should be applied as prerequisites 

for granting exemptions. These methods could be applied singularly or in combination. 

The three risk assessment methods that should be applied as prerequisites for granting exemption 

as stipulated in G7 are:  

 Environmental matching risk assessment: “The degree of similarity between the 

locations provides an indication of the likelihood of survival and the establishment of 

any species transferred between those locations.” (G7 # 6.2.1)  

This methodology compares the environmental conditions between donor and recipient 

ports. This comparison of environmental similarities gives a relative measure of the risk of 

successful species introduction, establishment and invasion. Temperature and salinity 

levels are the core data required for this methodology. The purpose of the method is to 

determine whether the conditions prevailing in the donor port are compatible with those 

prevailing in the recipient port. The more environmentally similar (with respect to salinity 

and temperature difference) the donor and recipient ports are, the higher the risk of 

introduction of organisms discharged via ballast water.  
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 Species’ bio-geographical risk assessment: “Overlapping species in the donor an 

recipient ports and regions are a direct indication that environmental conditions are 

sufficiently similar to allow a shared fauna and flora.” (G7 # 6.3.1) 

The distribution of indigenous and non-indigenous species already introduced and 

established in both donor and recipient regions is compared in this methodology. Data from 

previous invasions are examined. 

The introduction of a naturally occurring species from a donor area to recipient area within 

similar bio-geographical area which is free of that species results in a high risk scenario. 

More data and experts are required for such risk assessment methodology compared to 

environmental matching risk assessment (Figure 20). Therefore, its cost is higher (Meer, 

2012; Rees et al., 2010). 

 Species-specific risk assessment: “[…] use information on life history and 

physiological tolerances to define a species’ physiological limits and thereby estimate 

its potential to survive or complete its life cycle in the recipient environment.” (G7 

#6.4.1) 

This involves the investigation of ‘target species’ that have been implicated in biological 

invasions, with particular reference to the environmental parameters characterizing the 

recipient bio-geographic region by estimating the target species potential for survival in 

the recipient area. The risk in this method is directly linked to an individual species 

characteristic and is usually used to overcome the drawback of the environmental matching 

methodology (Meer, 2012). Although this method is reputed to be much more accurate 

than the two previous methods, the huge data requirement by the method remains its 

drawback. Comprehensive PBBS are requisite to the success of such method. 

Environmental matching and species bio-geographical risk assessment methods are the most 

suitable for donor and recipient ports located in different bio-geographical regions. Species 

specific risk assessment method is more suited for locations within the same bioregion. 

The presence of uncertainty with respect to data according to the precautionary principle should 

give a high risk rating, which will lead to rejection of any hitherto conferred exemption on a ship 

or a route.  
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Figure 21: Data requirements for different RA methods (Modified from Meer, 2012) 

8.2.3 HELCOM Risk Assessment 

The method developed by HELCOM to issue exemption (Joint Harmonised Procedure for the 

Contracting Parties of OSPAR and HELCOM on the granting of exemptions under International 

Convention for the Control and Management of Ships’ Ballast Water and Sediments, Regulation 

A-4 – adopted in 2013) is in-line with the IMO Guideline G7 requirement.  

The harmonized procedure is divided into seven sections (HELCOM-OSPAR, 2013) :  

 Introduction;  

 Port Survey Protocol;  

 Target Species;  

 Data Storage;  

 Risk Assessment;  

 Decision Support Tool; and  
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 Administrative Procedures.  

As part of the BWMC A-4 exemption application a comprehensive sampling protocol for non-

indigenous species in ports is outlined in section two of the guideline. This is followed by targeting 

species which are historically known to be problematic as well as species that have not caused 

harm as yet but whose risk potentials have been comprehensively investigated.  

In short, HELCOM-OPAR procedure requires the combination of two sets of data in order to 

establish a useful risk assessment. Requirements to collect such information are detailed in the 

document and can be summarized as below.  

 

Figure 22: Type of data required under HELCOM-OSPAR procedure 

  

The information obtained is then stored in a central database which is maintained by the 

OSPAR/HELCOM Secretariat. This centralization of data demanded by HELCOM facilitates the 

knowledge of the regional ecosystem and its use for risk assessment or other objectives. 

Consequently, a port survey may not be required if the application is for a route where information 

is already available in the database. This is followed by the exemption decision. 

In the context of exemption, the data from the selected locations is processed to determine the level 

of risk. The presence of target species, water salinity difference and target species salinity 

29 

Data collection to establish RA 
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tolerance are used as key risk criteria to distinguish unacceptable high risk and acceptable low 

risk.  

The outcomes of computation will ultimately lead to any of three possible assessment outcomes 

of high risk, medium risk or low risk (Figure 22). 

 

Figure 22: OSPAR-HELCOM Risk Assessment algorithm (Source: HELCOM-OSPAR, 2013) 

To facilitate a uniform application of the harmonized procedure across the regions, the risk should 

be evaluated using a decision support tool managed by the OSPAR/HELCOM Secretariat. So, to 

engender a regionally harmonized decision making system, the risk assessment algorithm propose 

a decision based on common computation processes. 
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The OSPAR/HELCOM Contracting Parties have agreed to an additional procedure from the G7 

guidelines. It is the ‘Administrative Procedures’ which is the final stage of the OSPAR/HELCOM 

exemption procedure.  

This stage includes the ‘process of exemption application’ where the ship-owner/operator who 

seeks exemption from the requirements of Regulation A-3 is expected to lodge an application for 

exemption with the Port State(s).  

In the case where the applicant qualifies for an exemption, it shall be granted for a maximum of 

five years with intermediate review to confirm that the requirements of the exemption have been 

satisfied. This exemption is recorded in the BWRB and a new approval for BWMP should be 

considered afterwards.  

An exemption granted may be withdrawn in the following circumstances: if exemption 

requirements where not followed; where the risk associated with a voyage has substantially 

increased since the last risk assessment and; where there are areas of high risk within the 

jurisdiction of the Port State. 

8.3 Concept of Same Risk Area (SRA) 

In order to facilitate the issuance of exemption, some IMO member States submitted at MEPC 69 and 70 

the concept of Same Risk Area (SRA). During MEPC 70, it was agreed to insert the concept of SRA in the 

guidelines G7 for risk assessment under regulation A-4 of the BWM Convention. G7 is primarily a port-to-

port risk assessment guideline that does not take into account natural dispersion of organisms.  

SRA is defined in MEPC 69/INF.25 as “a body of water characterized by an equal risk level from natural 

dispersal of target species” (IMO, 2016a). Another definition was provided in the document MEPC 

70/INF.21 as “an area delimited by the high probability of natural spread of target species that potentially 

present a risk of bio-invasion via ballast water” (IMO, 2016b; 2016c). 

SRA concept considers that some marine areas share the same risk level in front of non-indigenous species 

(NIS) dispersal. Indeed, if NIS is introduced in one location of such an area, it will spread naturally in the 

whole area following marine hydrodynamics and its biological behavior.  

Therefore, as soon as a SRA is precisely determined, exemptions may consider all ships exclusively 

operating in this area as long as there is no mixing of any water and sediments from outside the region.  
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The Concept of Natural dispersal and Marine Connectivity 

The movement of biodiversity depends on each species. Some of them may spread actively, other 

passively and even a combination of both modes of transport can exist.  

Therefore, the evaluation of natural dispersal of species in a region has to consider both: physical 

characteristics of the region and biological features of each species. In MEPC 69/INF.25, the following 

factors are highlighted: 1- biological features; 2- the hydrodynamic, environmental and meteorological 

features; 3- habitat occurrence and preference.  

An important element in an SRA analysis is the concept of ‘marine connectivity’ which MEPC 69/INF.25 

referred to as “the coherence between (sub)-populations of a species, i.e. the extent populations receive 

and deliver individuals from/to each other”. The assessment of the connectivity largely depends on the 

amount of data available in the region.  

Same Risk Area in short 

The evaluation of natural dispersal is at the core of SRA concept. A proper risk assessment must be 

conducted to establish with certainties the limits of the SRA. In order to do so, modeling techniques are 

mobilized.  

Two sets of modeling are used:  

 The first one related to hydrodynamics. Its purpose is to study the movement of the water in the 
region. The following factors are considered: currents, tide, wind, density of water 
(temperature/salinity) and bathymetry (Figure 23).  

 The second modeling refers to biological dynamics and requires a multi-parameter modeling of 
species dispersal in specific hydrodynamic context (Figure 24).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 - Hydrodynamic model example provided in MEPC 70/INF.21 
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Figure 24 - Temporal modeling of species (left); and agent-based modeling principle (right) both in MEPC 

70/INF21 

 

 

9 PBBS PLANNING, DESIGN AND PREPARATION 

9.1 Initial steps in survey preparation 

Any field survey requires careful planning to ensure that its objectives will be met. At the outset, 

it is essential to fully assess the available resources, so that the survey design is realistic, accurately 

reflecting capacity in terms of manpower, expertise, equipment, facilities and financing. The 

assessment should also consider the time requirement (including seasonality), access to the survey 

area and any practical support available from port authorities and other relevant agencies. 

The key initial considerations therefore include: 

1. Assessment of available resources 

2. Stakeholder awareness and involvement 

3. Establishing the purpose and scope of the PBBS 
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Key considerations in establishing the scope of PBBS 

 

9.2 Selecting the area to be surveyed 

Biological baseline surveys can be undertaken in all marine and coastal areas, and in all types of 

habitats. Their primary objective is to identify and record what marine life exists at the time of the 

survey, and in the area concerned, including alien species that have already become established. 

However, surveys for detecting marine invasive species are best focused on locations and habitats 

closest to high risk entry and inoculation points, such as berths, wharf faces, jetties, anchorage 

substrates, fishing boat harbours, marinas, slipways and repair yards, navigation aids, mooring 

buoys, wrecks, boat ramps, mariculture facilities, power station intakes and outlets, etc.   

Ports occur in a variety of coastal environments that range from highly polluted, urbanized 

harbours and embayments to remote, relatively pristine coastlines. They also vary greatly in size, 

configuration and in the facilities that are present within them. For example, some ports consist of 

just a single terminal or wharf, while others can have many hundreds. Because of their size, large 

ports will encompass a variety of coastal habitats and biological assemblages. Even small ports, 

however, can be located in coastal areas that contain a range of different environments and habitats. 

As a general rule the largest commercial ports, operating over the longest historical periods and 

receiving the largest volumes of foreign ballast water will be the highest priority locations for 

conducting initial PBBS. 

 

 

BIOLOGICAL SCOPE OF F   

PBBS  

PURPOSE O F  PBBS?  

  
- Current NIS/AIS status  

- NIS risk assessment  

- Biodiversity  
assessment  

- Change in diversity  

- Ecological changes  

- Changes in eco- 
function  

AVAILABLE  

RESOURCES?  

- Finance  

- Time  

- Survey personnel  

- Survey vessel(s)  

- Laboratory personnel  

- Laboratory facilities  

- Taxonomic expertise  
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The Port of Mombasa in Kenya was surveyed under the guidance of the GloBallast 

Programme, and with support by the Kenyan government and Marine & Fisheries 

Research Institute.  Over 30 sites were comprehensively sampled across the large 

geographic area comprising the port.  A collection of all the species sampled is 

being maintained by the Kenyan National Museum in Nairobi. The field activity 

was also helpful for demonstration purposes in a regional PBBS training 

workshop, which was instrumental in initiating progress towards PBBS 

implementation within other countries of the region. 

 

 

    
 

 

Factors and features to consider in determining the appropriate survey area, and thus the survey 

limits, include:   

• Operational shipping areas most commonly exposed to introduced species:    

o Cargo (bulk, container and multi-purpose) berths 

o Anchorage areas  

o Navigation buoys  

o Approach channels (where de-ballasting often occurs)  

o Dry docks and cleaning areas  

o Marinas and small craft harbours  

• Locations with hard vertical surfaces and areas of relatively undisturbed sediments;   

• Areas where dredge spoils are dumped that provide opportunity for invaders to settle and 

colonize;  

• Nearby aquaculture facilities - aquaculture structures provide good substrates for sessile 

organisms;   

• Aerial photographs and water circulation maps providing information on the dynamics of 

the port and associated areas;  

• Accessibility (administrative permissions, security requirements) and ease of sampling, 

especially in areas of high traffic. 
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9.3 Designing the survey 

Once the general survey area has been demarcated, the details of the survey design can start to 

take shape. To get the best results, organisms should ideally be sampled from all port habitats 

and substrates, including the water column and soft sediments, as well as from hard substrates 

such as coastal defenses, dock structures (harbour walls, jetties), navigation buoys, ship wrecks, 

bridge abutments etc.  The process of selecting sampling locations, or sites, will ensure that the 

PBBS takes into consideration:   

• A wide range of geographic and habitat coverage  

• Optimal opportunity to document species diversity  

• Maximum likelihood of NIS detection  

 

The available protocols for PBBS (e.g. CRIMP) and the PBBS Guidelines contain detailed 

information to support the development of the survey design, including: 

1. Selection of sampling sites, and allocation of site priorities 

2. Numbers of samples to be taken at each site given the structure and habitat types 

3. Sampling methods to be selected for each location and habitat type 

4. Consideration of duration and complexity associated with each location and sampling 

type  

 

A sampling plan should be drawn up detailing the exact number and location of samples to be 

taken at each of the chosen sites. This will allow for an initial assessment of the scheduling and 

time requirements to complete the sampling and associated activities. The sampling plan and 

schedule should be entered into the PBBS implementation plan. 

The Survey Implementation Plan for PBBS should be clearly documented and sub-divided into 

two phases: a) field survey (sample collection and sorting) and b) sample analysis. For each phase, 

the plan should include:  

  

• Schedule of daily activities,  

• Roles & responsibilities,  

• Contingencies or alternatives,  

• Health and safety procedures and concerns,  

• Materials, equipment and consumables required.   

  

The plan should be flexible enough to account for any changes in weather, port and shipping 

operations or personnel availability. It should be realistic with respect to daily work load for 

individuals, allowing for adequate rest (e.g. for divers operating in strenuous conditions) and 

sufficient time each day for sample handling (sorting, labelling, preserving, etc.)   
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A comprehensive Survey Implementation Plan will also contain specific contingency plans or 

arrangements to be put in place to cover any unanticipated developments related to the following: 

 Field operations  

 Finances  

 Safety/emergencies  

 Schedule and timing  

10 SURVEY OPERATIONS – SAMPLING 

10.1 PBBS sampling methods 

Methods for detecting marine invasive species vary according to the habitat preferences of each 

type of species.  For example, it is necessary to scrape hard surfaces in order to obtain samples of 

most barnacle species.  The likelihood of detecting a species is also determined by the amount of 

sampling effort in relation to the conspicuousness and density of the species concerned. Many 

marine species are highly unlikely to be detected by simple visual surveys and require intensive 

sampling regimes, particularly if present in low numbers and small patches. 

For each site selected, sampling methods will be dictated largely by the habitat types present. 

Protocols such as those developed by CRIMP can be very specific about the sampling methods to 

be employed, as well as the numbers of samples to be taken. However, in many instances it would 

be appropriate to consider alternatives or variations to suit local conditions and capabilities.  For 

example, where diving is hazardous due to the prevalence of predators (e.g. sharks, crocodiles), 

pollution or venomous jellyfish etc., surface-operated samplers might be used instead. Also, where 

the capacity for sample processing is limited, the number of replicate samples taken at each site 

should not preclude sampling all priority areas and habitats.  

  

While the types of habitats found in the port area will determine, to some degree, the types of 

sampling device required, an array of options is available for each organism type, habitat and 

substrate. The choice of method should be based on likely effectiveness (including local 

experience), equipment availability, cost and practicality. The PBBS Guidelines list some of the 

more common substrates and a selection of devices used internationally in marine environmental 

surveys, along with considerations for the appropriate selection of sampling methods.  

 

10.2 The survey team and facilities 

The human resources available, and the manner in which these are organized, are integral to the 

success of the survey. A team approach is essential; there could be one small team of experts, or 

several sub-teams working together in a coordinated manner and with a common goal. As a rough 

guide, a team comprising 8-10 individuals divided into two sub-teams in most cases should be 
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sufficient to sample a moderately-sized commercial port in less than a week.  The roles of certain 

key individuals are described in the course presentation and summarised below, and in more detail 

in the PBBS Guidelines.  

 

Team member/role  Responsibility 

Project Leader  Overall responsibility for and management of the project.  

Field Logistics Coordinator  This can be a distinct role, or may be performed by the Project 

Leader. If separate from Project Leader then this role may be 

combined with Laboratory Manager.  

Field Team Leader(s)  Communicate(s) with Project Leader to implement the survey 

plan and coordinate the field team members and activities.  

Dive Supervisor  Plans and oversees all diving activity. Does not participate as a 

diver.  

Boat Captain  

  

Responsible for boat safety and operations. Should be separate 

from Dive Supervisor.  

Divers/Samplers  In many locations a scientific dive certification may be required. 

Divers may also take on other sampling activities or team 

responsibilities.  

Sampling Supervisor  Maintains coordination, integrity and logs of all samples as they 

are generated in the field. Ensures safe transfer of samples to field 

laboratory.  

Laboratory Manager  Establishes and coordinates a safe and efficient field laboratory 

for sample processing  

(concurrent to field sampling activities).   

 

A survey team may vary in size from only a few individuals, each taking on multiple roles and 

responsibilities, to 15 or more members forming sampling and sorting sub-teams (see Table 3 

below for summary of common survey team roles). The members of the field survey team may be 

drawn from a variety of sources, such as state agencies, port authorities, hydrographic survey units, 

private companies, diving clubs and university science departments. Ideally, all team members 

will have experience with some form of sampling and measurement in the aquatic environment, 

familiarity with small boats and an ability to swim. It is preferable that several members have an 

appropriate scientific background, be trained in recognizing target NIS, in operating devices for 

sampling, and in sample labelling and storage. A member of the survey team should also be 
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designated as the safety officer, to ensure health and safety precautions are communicated and 

implemented throughout all aspects of the survey.  

For effective field operation the survey team requires a fixed or mobile facility that can be used as 

a base and field laboratory. Having a centralized base for staging and coordination is essential, and 

if the same location can be used for storage of equipment, consumables and samples, as well as 

functioning as a sample sorting laboratory, this will make the field work much more efficient. 

Alternatively, a containerized mobile laboratory (e.g. Figure 16 Section 7.2 above, see PBBS 

Guidelines for more examples), especially designed and equipped for the purpose, and with all the 

necessary services (electricity, water, drainage, internet connections etc.) can greatly assist with 

this kind of work.  Such a facility provides a clean space for sample processing that is not normally 

available on port premises.  The field base should be adequately equipped for sorting samples and 

storing them in the appropriate preservatives. Attention to relevant details, such as electricity, 

water and ventilation (e.g. fans) will help maximise the efficiency of the survey. 

The survey team may require the use of a small to medium-sized boat (5-15m) as the main 

sampling platform during the survey. If divers are to be used, a suitable boat will be essential. The 

boat should be reasonably stable in choppy water, have enough deck or open space for one or two 

team members to deploy samplers over the side, a dry area for sample labelling and sufficient 

space for sample and equipment stowage. In deep water, a small, securely-mounted hoist or derrick 

is useful for deploying heavier devices such as sediment grabs or large plankton nets. In many 

cases a medium-size boat is used as the main dive boat, and a smaller inflatable craft is used for 

other sampling at the same time (e.g. plankton tows, beach seines). It is, however, possible to 

conduct PBBS without the use of boats; this may save costs but also limit the areas sampled and 

involve more complex logistics. 

11 SURVEY OPERATIONS – PROCESSING 

11.1 Handling and sorting of samples 

The Survey Team Leader should be responsible for all facets of sample handling. Areas used for 

sample storage should be separate from busy working areas to avoid any damage to samples or 

their containers. Procedures to be used for sample identification and tracking are discussed in depth 

in the various available protocols. In essence, the process involves keeping the samples in good 

condition from the time they are collected until they can be properly sorted and preserved. 

A labelling system is essential for the organization and archiving of samples and preserved 

specimens. It will help significantly with the PBBS organization and efficiency. Any established 

system can be used (see examples in PBBS Guidelines), or even a customized label designed to 

conform to other data management systems. One team member should be appointed as the keeper 

of field records; this individual might also help to supervise and document the labelling of samples 

at the shore station and/or laboratory.   
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Some points of information commonly included on sample labels are:  

  

 Location codes - may include country and state, and should certainly include the port code  

 Site codes - should reflect the site numeration used in the survey design  

 Sample type - an abbreviation should be used for each sampling method being employed   

 Replicate number  

 Sample detail – indication of depth, distance etc.  

 Labelling of sample with Alpha-numerical code 

 

The extent of sample sorting conducted in the field will vary considerably. It is preferable to 

complete as much of the sorting as possible in the field, both to save space in transporting samples 

and to expedite delivery to the relevant taxonomists. In the case of larger surveys, it would be 

useful to have a dedicated team to sort and process samples as they come ashore. Otherwise 

sampling crews may need to pause periodically to sort and preserve samples quickly after 

collection. 

To avoid the decay of specimens, it is imperative that samples are preserved as quickly as possible 

following the sorting process, and preferably on the same day as collection. Ideally, samples should 

be kept on ice until they are sorted and preserved. Either 3-5 % buffered formalin or ethyl alcohol 

(70 – 90%) is normally used for fixation purposes.  Within a week or two, specimens fixed in 

formalin should be transferred to ethanol or other long-term storage medium as prolonged storage 

in formalin, even buffered, will affect morphological features. 

All samples must be stored under appropriate conditions and their preservatives checked 

periodically until identification has been completed. Ideally the sample collection should be 

permanently housed and maintained within a museum or appropriate research institution.  

 

11.2 The role of taxonomy 

Taxonomy is the formal classification of organisms. It is imperative that species-level 

identification of the samples is achieved, in order for the information to be relevant in a 

management context. There are different methods for identifying aquatic organisms ranging from 

simple visual examination through basic light microscopy, scanning electron microscopy, 

allozyme electrophoresis, DNA sequencing and, recently, genomics. Identification keys for 

particular groups of organisms are available in the scientific literature and there are also web-based 

interactive identification keys and global biodiversity mapping techniques. A web-based inventory 

of AIS and related data, structured by region and aimed at global coverage (AquaNIS) may also 

serve as a useful repository and reference.  

http://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2009.02631.x/full#b4


 

57 
 

Identification of specimens contained in the samples collected during PBBS should be done by 

biologists with experience of the biota of the area and/or with recognised taxonomic specialists. 

The taxonomists required for the identification of survey specimens should be contacted and 

engaged well before the survey is implemented. 

The taxonomists will report results to the Project Leader and, where applicable, to the person 

responsible for preparing the survey report. They will also provide archive specimens (e.g. voucher 

specimens for museums or biological data centres), whenever possible. 

An overview of species/specimen categorizations is presented below: 

 

 
Native species  

Native species are those that occurred within the biogeographical region historically and have not been 
introduced by human mediated transport.  

Non-indigenous species (NIS)  

Non-indigenous species (NIS) are those known or suspected to have been introduced as a result of 
human activities.   

A series of questions posed by Chapman and Carlton (1991) can be used to guide decisions about 
whether a species is non-indigenous; as exemplified by Cranfield et al. (1998). These are as follows:  

i. Has the species suddenly appeared locally where it has not been found before?  
ii. Has the species spread subsequently?  
iii. Is the species’ distribution associated with human mechanisms of dispersal?  
iv. Is the species associated with, or dependent on, other non-indigenous species?  
v. Is the species prevalent in, or restricted to, new or artificial environments?  
vi. Is the species’ distribution restricted compared to natives? vii. Does the species have a  
             disjunctive worldwide distribution?  
viii.     Are dispersal mechanisms of the species inadequate to reach the region, and is passive       

    dispersal in ocean currents unlikely to bridge ocean gaps to reach the region?  
ix. Is the species isolated from the genetically and morphologically most similar species 

elsewhere in the world?  

Cryptogenic species   

Cryptogenic species are those whose identity (native or non-indigenous) is unclear. In certain cases they 
may have been spread around the world in the era of sailing vessels prior to scientific survey (Carlton 
1992; Chapman and Carlton 1991), such that it is no longer possible to determine their original native 
distribution.   

Species new to science  

This category includes species previously undescribed in the scientific literature.  

Indeterminate species (IS)  

Specimens that cannot be identified to species cannot usually be ascribed a biogeographic origin. This 
group includes:  
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(1) organisms that are damaged or juvenile and lack morphological characteristics 
necessary for identification, and  

(2) taxa for which there is not sufficient taxonomic or systematic information available.  
 

 

12 CONCLUSION 

The transfer of harmful aquatic organisms from one bioregion to the other via ships' ballast water 

is a detrimental externality of modern shipping. In order to prevent, manage and mitigate the risk 

of species introduction, the International Maritime Organization in 2004 adopted the Ballast Water 

Management Convention. To support the aim of the Convention, adequate risk assessment 

processes have to be implemented, particularly prior ships’ arrival in port as well as to issue BW 

Management exemption.  

 

A PBBS will provide detailed data and information necessary to support the risk assessment 

procedures and compliment other BWM activities. Significant planning and resources are required 

to conduct a comprehensive PBBS, however the survey design and implementation plan may be 

customized to local conditions and in consideration of available resources. The integration of a 

broad set of stakeholder interests will assist in the preparation and execution of a successful PBBS 

activity. In practice such undertakings can be invaluable in catalyzing awareness, buy-in and 

support across sectors and at local, national and regional levels. There is significant guidance 

available to assist the relevant authorities in integrating PBBS and risk assessment procedures, 

based on international best practices, with developing BWM regimes.  
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