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CLASSIFVIl :c; FISH Bv HO\\' 

MOBILE THEV ARE ... 

Fish species can be categorized into site fidelit)' 
groups (mobility classes) based on Friedlander & 
Parrish (1998). The mobility classes are: 

R - Species with limited movement and 
well-defined home ranges. 

81 - Species with dail)' movements on the 
order of tens of meters; ma)' hold large 
territories or large home ranges. 

82 - Species that have daily movements on 
the scale of thousands of meters. 

T - Species ù1at move over great distances. 
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Fish clensities are ca\culatecl using appropriate area 
estimates (e.g. 100 m2 for fish greater than 20 cm; 50 
m2 for fish less than 20 cm). Fish numbers can be 
transformecl into clensities pel' hectare, with lengths 
usee! to ca\culate biomass using publishee! length to 
weight conversions. 
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Surface Safety Floats are a critical pi ece of safety 
gear for submerged divers used to iclentify their 
location and serve as an emergency support platform 
upon surfacing. In an REA, the fto at also holds a 
working GPS and is usee! to time various aspects of 
the REA fo r both the surface support team and the 
benthic team. 

The Fish REA TeaITl deploys both surface safety 
ftoats. The 1 st ftoat is immediately anchored to the 
bottom at the beginning of the first 25 111 transect line. 
The second ftoat is carried by one member of th e fish 
teal11 (by way of a reel andline) until the fis h teal11 
completes the first transect and begins to set the 
second 25 m transect. The second fto at is anchored at 
the beginning of the 2ncl 25 m transect. 

Larger, m obile fi sh 
are cOlU1ted on the 
deploym ent or swim ­
out leg of the fi sh 
transect (aboue). 

Cryptic an d small 
fi sh are detectecl 
on each "swÏtn ­
back" leg of the 

fi sh tran sect (rigllt). 

HAZARD WARNING 

As the teaITl ascends the line, one of 
theITl reels in the float, until the group 
reaches its safety stop at 4 - 5 ITl. At this 
point, the surface support personnel 
ITlay notice the first surface safety float 
ITloving away with the current. Care 
needs to be taken as the fish teaITl ITlay 
ITlove considerable distance away frOITl 
the benthic teaITl while on their safety 
stop if there's strong current - this is 
one of the priITlary reasons for the two 
independent surface safety floats. 

D. GlIlko 

CORAL REEF CSI TIPS ..• 

• lnunediately upon exiting the water onto the support platforITl, the fish 
teaITl's photographer, the CROC, or one of the dedicated surface support 
personnel, should photograph all of the fish teatn's data sheets. 

• ln sotne cases, the fish teaITl will surface without pulling up the first 
transect and dive safety float, in order to record the GPS off both floats. 
Under such circuITlStances, the benthic teaITl will be responsible for pull­
ing both transects and both dive safety floats. The teaITl will surface at 
the location of the first surface safety float. 
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THE REA BENTHIC TEAIVI 

The benthic team is composed of three to four divers: 

An AIgal Ecologist or AIgal 
Specialist. Focus on 
description of unique algal 
subhabitats, algal biodiversity 
and biomass, and descriptions of 
ecological fun ction. 

An Invertebrate Specialist. 
Focus on description of unique 
invertebrate-dominated 
subhabitats, macroinvertebrate 
biodiversi ty and biomass, densi ty 
of urchins, and descriptions of 
ecological function. 

One or Two Coral 
Ecologists or Coral 
Specialists. FOClts on 
descri ption of unique coral 
species-dominated subhabitats, 
coral biodiversity and biomass, 
and descripti ons of ecological 
fun ction. 

Two 25 m transects are conducted per dive. After a 
wait of 10 to 15 minu tes (usin g the position of the two 
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BENTHIC 

surface safety Aoats as a guide to when the fish team is 
beginning the second transect), the benthic team 
enters the water, descends th e !ine for th e first 
anchored surface safet)' Aoat, and begins taking data 
on the fu"st 25 m transect line previousl)' laid b)' the 
fish team. The dela)' b)' the the benthic team is 
warranted in order to minimize disturbance of fish 
populations being censused b)' the fi sh team. The 
benthic team surveys the first 10 meters and last 10 
meters of each 25 meter transect line, resulting in a 
total of 4 transects per dive. 

The algal person goes first and photographs the 
transect every 0.5 m at the meter or half meter marks. 
The algal diver is followed by the invertebrate 
specialist who quickly censuses th e densit)' of urchins 
and the coral biologist who conducts a point intercept 
every half meter along the !ine to determine bottom 
cove l~ On the return leg, each team member 
conducts in-depth surveys in each of their specialties 
as described on th e following pages. 
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1 2 3 4 5 6 7 8 9 10 11 

f 
The 25 m REA Transect Line: The line itself is marked every meter with two dark bands, and every 
half meter with a single dark band. The beginning of the transect is approximately 0.5 - 1 meter in front 
of the reel (allowing room for anchoring if necessary) and is marked with three dark bands. At the end 
of 10 meters (and again at the end of 15 meters) the li ne is marked with aUached red flagging tape to 
differentiate the two 10 m sub-sections used by the Benthic Team. 

PHOTOGRAPHING THE 

TRAl'\fSECT LINE 

The transect line is photo-c1ocumentecl 
prior to any c1isturbance by the benthic 
team in orcler to provicle a visual recorcl of 
wh at was surveyecl , provicle a back-up for 
analysis of benthic cover and habitat/ 
subhabitat descriptions, and to document 
the state of the iruury (or the control) at the 
time of the surveys. 

The first benthic team 
cliver on the transect 
tine following the 
pro tocol below. 
Photographs are taken 
along the transect li ne 
at 0.5 m above the 
center of the line, 
either horizontally or 
vertically clepencling 
upon geomorphology. 
This is accomplishecl 
by using a 0.5 m metal 
pole and placing th e 
camera atop it as the 
cliver works along the 
transect tine taking 
shots every 0.5 m. At 
the beginning of the 
clive, the 
photogr apher 

Camera Documentation of the 25 m Transect Line 

@ @) ® Sm ® CV ® 

0111111111111111111110 -0111111111111111111110 
G) At the boltom of the surface safety f10at line, take a photograph of the back 

of your dive slate in order to white balance the camera. 

® At the beginning of the transect line, photograph the depth meter , . 
aga in st the line. ), 

® Take a series of horizontal (habitat) photos in a 360 degree circle 
around the beginning of the transect line. 

@ Using a 0.5 m stick, take a vertical photograph with the camera centered 
over the transect line at every half meter (Le. every half meter 
and full meter mark) for ten meters (f1agging tape) . 

® At the end of ten meters, take a series of horizontal 
(habitat) photos in a 360 degree circle around the 
11 meter mark. 

® 0 ® ® Skip 5 meters and repeat earlier 
steps for 2nd 10 m transect. 
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A quick shot of the photog­
rapher's depth gauge/ dive 
computer at the beginning of 
each transe ct line documents 
the depth in with the other 
information. 

photographs a data board with the site information on 
it, and then shoots 360 degrees at the beginning of 
the transect line to capture habitat information. At 
the end of 10 m , the photographer shoots 360 degrees 
agam. The photographer wi ll know when he/she 
reaches the end of 10 111 by the presence of ftagging 
tape on the transect line. The photographer then 
swims 5 111 along the transect line to the next piece of 
ftagging tape representing the beginning of the last 10 
m of the transect. The photographer once again 
shoots 360 degrees and then photographs the transect 
line (and out 0.5 m to either side) every 0.5 m. At the 
end of the transect li ne (where the empty spool is 
anchorecl) the photographer shoots 360 c1egrees. This 
process wi ll also be repeated when the team vvorks on 
the seconcl transect line. Upon surfacing, ch ain-of­
custocly protocols are followecl as outlined elsewhere 
in this toolkit. 

/ 

( 

\.. 

0.5 m 

\.... 

0.5 m 

\" 
1/ 
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THE ALGAL CO~/IPONENT 01' 

THE BENTHIC REA 

During the benthic SUl"veys, the algal team member 
will swim the two 25 m transects and collect samples 
of as many macroalgal species as possible. A 0.5 m 
bancl on either sicle of the transect line will be 
surveyecl and assessecl. The first time that the diver 
encounters an alga on the transect it will be 
photographed, collected (if necessary), and placed in 
a bag along with as much collection information as 
possible. For ail subsequent encounters, the cliver will 
note on his/her c1ata shee t that the alga was se en 
again. Any ancl ail rare or unknown species wi ll be 
collectecl. Ali samples collectecl in these surveys wi ll 
be c1eposited as vouch er specimens with the resource 
trustee leacling the investigation. Macroalgal taxa wi ll 
be collected initially at each site and noted thereaft er. 
Ali specimens will be pressecl ancl dried on-site by the 
collecting diver, and a chain-of-custocly form will 
follow ail samples per site. \"'here appropriate, turf 
algae wi ll be collected by chiseling small randomly 
selected pieces of c1 ead coral/ limes tone substrate from 
the bottom that appear to support dense fi lamentous 
algal growth. These samples will be storecl in 4% 
Formali n in seawater until they can be sortedusing a 

, 
0.5 m2 Quadrat 

- The intersection point created 
by the two lines is where you 
identify exactly what lies 
beneath (ta species if 
possible). And then identify 
what lies underneath the other 
points on the quadrat (20 
total). 
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microscope. Approximately 5 samples will be 
collected pel' transect line. ' Vhere appropriate, 
crustose coralline algae (CCA) will be collected by 
chiseling or breaking off pieces of the benthos where 
this alga is found. Samples of each species 
encountered will be collected pel' site. Specimens of 
CCA will either be dried or stored in 4% Formalin. 

(Aboue) Is dominance of a single species of seaweed a 
natural subhabitat or an invasive species Olltbreak? 

Estimates of abundance and percent cover of various 
algal fun ctional forms and dominant or keystone 
species on transe ct lines wi ll be accomplished through 
use of a 0.5 m2 quadrat, with 20 evenly-spaced poin ts. 

(Abolie) Certain seaweeds (such as this ~11/lgb)I(/ sp.) can selve as 
an indicator of c1isturbance, weeks to Illonths afte r an event. 
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Identification of al gal or substrate type unclerneath 
the 20 points wi ll be clone for three fixedlocations (0 
111 , 5 m & 10 m) along each 10 m segm ent of each of 
the Iwo transects. 

THE 

MACRO-INVERTEBRATE 

COJVIPONENT OF THE BENTHIC 

REA 
The invertebrate specialist samples invertebrates (both 
benthic and cryptic) along both benthic transect lines. 
A 0.5 meter bancl on either side of the transect line is 
surveyed and assessed . The first time that the 
invertebrate specialist encounters an unknown 
invertebrate on the transect line it will be collected 
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and placed in a bag with as 
much collection information as 
possible. For ail subsequent 
encounters the diver will note 
on his/her data sheet that the 
invertebrate was seen again . 
Any and ail unkn own species 
will be collected for later 
identification and analysis 
following appropriate ch ain-of­
custody protocols. Cryptic 
species wi ll be assessed through 
collection of substrate pieces 
and post-dive examination / 
sorting of rubble. 

Unusual densities of urch ins or 
other large macroinvertebrate 
target species will be 
documented as they OCCLII" 

INVERT 

either along the transect line or acUacent to it. This 
will be accomplished by enumerating five 0.25 m 2 

quadrats for each 2 x 25 meter belt transect to 
determine the average percen t cover. The reason 
urchins are targeted specifically for a density study, is 
that they serve as a keystone herbivore on many reef 
habitats and therefore represent an important 
ind icator of overall reef condition. Righ 
concentrations could be indicative of a response to 
damaged CCA substrate resulting in a chemical signal 
which h as attracted and concentrated urchins around 
an ÏI-uury site. Unusually low concentrations could be 

Assessing Urchin Densitie s 

The invertebrate specialist uses the meter and 
half meter marks on the transect line to delineate 
a half meter along the vertical axis, thereby allow­
ing the specialist to visualize a 0.5 m2 quadrat. 
Any portion of an urchin that falls within the 0.5 
m2 quadrat is counted, and the totals used to 

......... , .. , ........ determine average densities. 

3 urchins per 0.5 rrf. 
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The invertehrate specialist is 
Illost likely of all the teaIll 
IlleIllhers to COIlle in contact 

with hazardous Illarine life as a 
result of his/her activities. Potential 
hazards include Illoray eels, stinging 
fire coral and hydroids, venOIllOUS sea 
urchins, Illantis ShriIllpS, sponge 
spicules, etc. 

indicative of a disease event, a trophic cascade, 
predator or prey displacement, or targeted extraction. 

THE CORAL CO?vlPONENT OF 

THE BENTHIC REA 
The coral specialist(s) census ail colonies of corals 
found within 0.5 meters on each side of the t'NO 10 m 
subsections of the 25 m transect line. The census 
involves estimating the longest diameter and species of 
each coral colony (or fi-agment) and recording the 
coral's assignment to one of eight long-diameter size 
classes listed below: 

Coral Colony Size Classes CORAL 

DATA 

CODE SIZE CLASS 

2 0.1 cm to 2 cm 

5 > 2 cnl to 5 cru 

10 > 5 cm to 10 cru 

20 > 10 cm to 20 cm 

40 > 20 cm to 40 cm 

80 > 40 cm to 80 cm 

160 > 80 cm to 160 011 

+160 > 160 cm 

1 
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These size classes and protocols are adapted originally 
from IV[undy (1996), who used th em in American 
Samoa andlVIaragos (2003) who Llsed them in the 
Northwestern Hawaiian Islands. The current 
technique has been developed and used by a variety of 
U.S. State and Federal coral reef biologists in Hawaii 
as a standard for conducting REAs and injury 
investigations (Gulko, 2006). Corals showing sigm of 
disease, predation, abnormal growth, bleaching or 
direct human impact are tallied, described, 
photographed, and if necessary, collected. Loose 
coral fragments are also classed as ab ove using a "f" 
instead of a tally mark. Colonies showing partial 
mortality, observable fission , or multiple incomplete 

re-colonization of the colony, will be tallied into size 

Surface View 



Gulko el al. (2008) ICR! Coral Reef CSI Toolkit 

classes based on total original colon)' size, 
but with a fl ag as ta either partial 
mortality or fission (using a "s" instead of 
a tally mark). 

If available, two coral specialists are used 
as this is the most time-consuming of the 
REA activities. On each transect, th e 
coral divers work as a clive pair with one 
diver responsible for the left side of ail 
transects and the other responsible for 
the right sicle. In this way, errar between 
survey clivers is minimi zecl relative ta 
overall clata ta the greatest extent possible, 
and in a way that can be cletermined easier at 
a later time. Each cliver will mark wh ether 
they are "left" or " right" on each coral data 
sheet. The t'\'1'0 clivers also lay clown a 
rugosit)' chain for each 10 m subtransect after 
ail other REA surveys have been 
accomplishecl (Note: if there is only one coral 
cliver on the REA, th en the rugosity 
measurement transfers over ta the algal and 
invertebrate specialists, or ta the fish team ta 
conduct arter the)' have fini shecl bath of their 
transects). 

Ta assist the coral specialists in accurately 
sizing the colonies and ta delineate the moving 0.5 1112 

area on either sicle of 10 m subsections of the transect 
line that they will size the coral colonies within, we use 
a stanclarclizecl black ancl white meter stick (either 
custol11-made or purchased (as a Archeological l'vleter 
Stick) from Forestry Suppliers, Inc.; \Vw\V.là restry­
suppliers.com ). The meter 
stick is broken down into two 
indepenclent 0.5 m segments 
which can be used by different 
m embers of the Benthic REA 
team. The 0.5 m sti ck can 
have the camera attached ta 
one end wi th a "L" -shaped 
bracket ta pravide for exact 
measurel11ent for camera 
placement 0.5 111 above the 
transect line when the algal 
diver is recorcling the transect 
line (altern atively, the camera 
cOlùd be placed right on top of 
the 0.5 meter stick). This 
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Double bar on the transect 
line signifies a meter marie 

Single bar on the transect 
line signifies the half meter 
marie 

0.5 m meter stick with 
10 cm black and white 
bars. 

The c ircled cora ls in 
photo would have 

classified by the 
expert on the 
as 10Hows: 

20 cm 

5em 

Not elassified, 
outside 010.5 m 
lrom the transeet 
line. 

same 0.5 meter stick, with alternating 10 cm black 
and white bars, is used by ail benthic divers ta size 
specimens and for scale in eviclence ancl impact 
photos. The coral diver (s) will use the 0.5 l11 eter stick 
ta specifically size colonies into the various size classes. 
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Unusual or unique coral formations (such as 
extrem ely large, solitary massive Porites colonies) are 
also documented following the subhabitat description 
process detailed below, including release of a 
numbered Pelican-type surface fIo at for GPS data 
collection. 

T i\KING RUGOSITY 

MEASUREi\IIENTS 

To determine the three-dimensional nature of a 
surveyed area, one places a small-Iink chain of known 
length (10 m) directly alongside the transect line for 
each 10 m subsection. The chain willlay into the 
grooves and slopes of the bottom while the transect 
line will l'lm over il. The result is that in an uneven 
01 ighly rugose or three-dimensional) habitat (i.e. a 
coral reeD, the 10 m rugosity chain will end short of 
the 10 m mark on the transect line. The resulting 
fraction (Relative length (m)/ Actuallength (10 m)) is a 
representation of three-dimensionalness. As the 
fraction approaches " 1", the habitat is primarily fiat 
and featureless; as the fraction approaches "0", the 
h abitat is highly three-dimensional. 

Iclentifying corals to species 
in the fi eld uncler iruury 
conditions requires 
recognized expertise. One 
could also c1assif)' cOl-ais into 
functional groups (often 
genera or families, or growth 
forms) if a coral expert is 
unavailable. If the person 
doing the coral surveys is an 
expert, size categories should 
be for every colony identified 
to species within a half 
meter to each side of the 
transect line for each 10 m 
segment assessed. If coral 
experti se is not available, 
identify each colony to 
growth form and place 
within one of the eight size 
classes 

Rugosity is best used as a comparison between an 
impacted area and a reference or control area. 
Rugosity measurements should not be used 
independent of other habitat descriptions. 

Massive Coral 
Large, three­
dimensional, 
mound-like colo­
nies. Can be multiple me ers ln WI th 
and height. Can represent old growth 
colonies. Examples include Porites, 
Montastraea. 

Brain Coral 
Large, three­
dimensional, 
mound-like colo­
nies with corregating ridges. Can 
be multiple meters in width and 
height. Examples include Fa via . 

Encrusting 
Coral 

Cup Coral 
Small sized clusters, large individual 
polyps. Dark-adapted. Examples ~ 
include Tubastraea. t:J..t1 

B-64 

m 
Brancbing 
Coral 
Three­
dimensional 
coral colo­
nies of varia ble 
sizes. Examples 
include Pocillopora. 

". ' j • • 

u- ' 

,, ::~Ù-- ~' ~ 
~~ . ~ 

Table Coral 
Large, table-li ke three­
dimensional coral colonies. 
Examples include Acropora. 

Sen Whips t 
Two-dimensional, whip-shaped 
gorgonlans, 

Sea Fans 
Two-dimensional, large, fan­
shaped gorgonians. 
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THE HABITAT & SUBHABITAT 

PROTOCOL 

At any time during the transect, if a benthic diver 
spots a unique subhabitat adj acent to the transect line 
but outside of the transe ct area of coverage, the cliver 
will attach a colored clip to the transect line to m ark 
the point of suspension , swim over to the unique 
subhabitat and record characteristics of the 
subhabitat on the back of the data sheet along with 

) the number of the c1iver 's Pelican-style f1oat, which 
will be released to rise to the surface where specific 
GPS information will be recorded by surface support 
personnel. Photo-documentation of the subh abitat 
should be accomplished following the digital 
photography protocol. The benthic cliver uses their 
accessory 15 m metric tape reel to quickly get length 
versus wiclth information for the unique subhabitat, 

Habitat 
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and th en returns the short distance to the transect line 
to resume the transect at the point where they had left 
th e clip. 

Benthi c organisms will not be collected except species 
th at are possibly new to science, or new records for 
the region or subregion , or warranting collection and 
cataloging relative to the event being investigated. 
The health of the corals or other benthos at each site 
will be assessed and photogTaphed, including the 
extent of bleaching, disease, Acalll!tasler jJ !all ci (or other) 
predation, alien species competition, entanglemen t in 
fishing gear, ship groundings (if any), anchor damage, 
and evidence of over-fishing or destructive fishing: 

Surface View 
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MEASURING ECOLOGICAL FUNCTION 

BYzoad-Sca!e 
:Junctions of CaM! t<ee/s: 
On a large scale reef structures can serve a variety of 
functions as relates to movement of water, larvae, 
aclults, entire populations, etc. as shown below. 

Shftinq !3ase!ines: 
Our view of what a coral reef shoulcl represent in 
terms of species assemblages, biocliversity, biomass, 
even reef hea/th , is shapecl by our experience with 
that reef. This has led to a perceptional view of 
what a specific reef shoulcl represent based entirely 
upon when one first experiences that reef. This 
changing vie,,, of what a reef first looks like leacls to 
the concept of "Shifting Baselines" whereby 

1980'8 View 
' '\'Vaw, Look at ail the fi sh!" 

as a reef degrades, new decisian-makers use 2000'8 View 
the degraded state as the optimal to strive for 

"\!\Taw, Look 
in restaration or other managem ent at ail the 
strategies. 

fi sh! " 
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1990'8 View 
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Ccofogicaf Yunction Ove~ Space & :lime 

For different types of 
coral reefs, various 
components occur 
over wide-ranging 
scales of space and 
time which need to be 
factored in to restora­
tion and mitigation 
activities. 

LOG TIME 
- years 

One m.ight also need 

2 

1 

a 

-4 
to consider various 
geologic, oceano­
graphie and weather 
events over both time -5 
and space relative to 

-6 

E 
ü 

Sometimes the type of reef 
itself need to be discerned as 
its natural replacement rate 
can range from decades to 
centuries. 

r-~--~~~L-L-~~~----~ 

Keystone Spp. 
SharkO 

Sea TurtleO 
Coral Feed 
Butterfl yfi sh 0 

Sea UrchinO 

10,000 years 

1,000 years 

100 years (Century) 

144-- 10 years (Decade) 

1+--- 1 year (Annual) 

14--- 1 month 

14--- 1 day 

1+--- 1 hour 

14---- 1 minute 
the replacement of 
ecological function 
within injured area. -7 ~~"'T"""""T--r-T""""""T'"~~;:::;::::;:::::;:::::;:::~ Replacelllent 

rates vary over 
tillle for various 

types of func­
tions and life 

history stages on 
a coral reef. 

-6 -4 -2 a 2 
LOG SPACE 
- km 

4 

o Coral 0 Oceanic Processes 

o Ecological Processes 
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7he Concept of j(eystone Species 

A keystone species is a species that has a dis­
proportionate effect on its enviranment relative 
to its abundance. Such an organism plays a 
role in its ecosystem that is similar to the raie of 
a keystone in an arch. While the keystone feels 
the least pressure of any of the stones in an 
arch, the arch still collapses without it. Similarly, 
an ecosystem may experience a dramatic shift if a keystone spe­
cies is removed, even though that species was a small part of the 
ecosystem by measures of biomass or praductivity. 

Keystone 

SEA URCHINS AS KEYSTONE SPECIES 

T he long-spinecl sea urchin (Diarlema an tilla1'1l1l1 ), a keystone 
Caribbean coral reef species that sufTerecl a mass mortali ty in 
1983, and resultecl in a clramatic shift in overall cover of coral 
and algae on the reef.<; . The photo (ab oue) taken befo re 1983, 
shows Diarle/l/a on cleacl portions of a coral head grazing on 
a1gae. Notice how the Diarlema have kept the dead surfaces of 
this coral free of a1gae. That summer most of these urchins 
died throughout the Caribbean. In the years after 1983, 
without the browsing of these algae-eating urchins, cleacl coral 
surfaces such as this became coated with mats of fteshy alga 
""hich retarcled the seulement of corallarvae, resulting in less 
coral on these reefs over time. 
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Â!ga! 2Jominance 
In areas with high impacts and various inputs 

fi'om shore, coral dominance will be displaced b)' 

different for ms of algae as shown below. 

Luw 
Nulricnts 

Hifth 
N utrtc nts 

Low Grazing 

Illcrcasillg Human (m(lad ---I~ 

Cura is 

Corallinc 
Aigac 

Tu rf A(gac 

, 
Lcafy Scawccd s 

(Aftrr upolnl(' tr III 1 ~91) 

Ke)' features that affect this process include the 

number and type of herbivores, and the sources 

and types of nutrients, balanced against the 

diversit)' (types)and biomass of seaweed. 
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Gndemism 
Endemie (or 

unique) 

orgal1lsms are 

onl)' found in a 

limited area. 

From an 

ecological 

perspective, 

there is no 

replacement 

pool for the se 

orgal1lsms. 

P'lotected Species 
Species that are fully protected by law or statu te 

may be impacted ecologically by an ir~jury event 

through loss of foraging or prey habitat, loss of 

resting habitat, loss of mating habitat, 

interruption of cleaning interactions, disease, 

increased predation, harassment, interaction with 

human activiti es. 
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7'Wphic êc%gy 
:1v10st coral reef animaIs are parl 

of more than one food chain and 

eal more than one kind of food in 

order to meet lheir food and 

energy requirements. These 

intercOlm ected predator-prey 

relationships form a complex food 

web (above right, note that the 

arrows go from prey to predator). 

Energy Source 

Hawksbill 
Sea Turlle 

\Angelt 

Sponges ~----\-+--j.~~L 
Green Sea Turtle 

3m'Ti 1 
Phytoplanklon Seaweed Seagrass 

A SUvlPLIFIED CORAL REEF FOOD WEB 

Detritivores 
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Feeders 

Crustose 
Coralline 

Aigae 

Apex Carnivores 
(Top Predators) 

3rd Level 
Consurners 
(Carnivores) 

2nd Level 
Consurners 
(Carnivores! 
Omnivores) 

lst Level 
Consurners 
(Herbivores) 

Producers 

Detrivores & 
Decornposers 
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A trophic web shO\vs how each energy moves 

tlu'ough an ecosystem. Plants are calIed 

producers because they use light energy from 

the Sun to produce food (sugar) from carbon 

dioxide and ,'vater (photosynthesis). COl'als can 

falI in thi s category because of the single-celIed 

photosynthetic organisms(zooxanthellae) living 

in their tissue. Most animais (consumers) 

cannot make their own food so they must eat 

plants and/or other animais. AnimaIs that eat 

onl)' plants are called herbivores (or primary 

consumers) . Carnivores are animaIs that eat 

other animaIs. Carnivores that eat herbivores are 

calIed secondar)' consumers. Carnivores that eat 

other carnivores are called tertiary consumers. 

Some of these specialize in eating cOl'als 

(corallivores), eating sponges (spongivores), 

or eating plankton (planktivores). AnimaIs that 

eat both animaIs and plants are calIed 

omnivores. Decomposers are organisms 

0Jacteria and fimgi) "vhich feed on decaying 

-. -.. -- --.:-- ... 
. -. -. .. 

-- . . -. . . 
. . .. . 

. -. . -
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matter, while detritivores feed only on already 

broken-down matter. Decomposers speed up the 

process of decay, a process that releases mineraI, 
salts & nutrients back into the food chain. 

In a trop hic web, energy is passed fi'om one link 

to another. ' '''hen a herbivore eats, onl)' a 

fi'action of the energy that it gets fi'om the plant 

food becomes new body mass; the rest of the 

energy is lost as waste or used up by the herbivore 

to carry out its life processes (e.g. movement, 

digestion, reproduction). ''''hen the herbivore is 

then eaten by a carnivore, it passes only a smalI 

amount of the total energy it has received to the 

carnivore. Of that energy, some will be "wasted" 

or "used up" by the carnivore. The carnivore 

then has to eat many herbivores to get enough 

energy to grow. Because of the large amount of 

energy that is lost at each link (tIu'ough metabolic 

pro cesses and growth), the amount of energy that 

is transferred gets less at each level, resulting in 

fewer top trophic Ievel animaIs versus the 

number of 100ver trophic level animaIs. 

1055 
Eccs 

of Big 'Jish 
A 0.70 mJack produces 86 times more eggs than 

a 0.35 mJack. The result is that adult big fish 

have a reproductive value far exceeding that of a 

sm aIler adult fi sh of the same species. 

o 

ECG 
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FINAL STEPS IN A RJ\PID 

ECOLOGICAL ASS ESS1'vIENT 

As the REA events in th e fi eld reach the final stages, 
it 's critical that arrangements have been made to 
process and analyze the data, and that the data itself 
is maintained under a pre-existing se t of chain-of­
custody protocols for such information and samples. 

At this point in the investigation, information shoulcl 
be kept internai until analyzed and presented to th e 
NRT~. l'vIedi a contacts should be limited and handled 
through a NRT Publi c Information Officer. Any 
safety or environmental concerns detected during 
these SUl"Veys should be passed on to the appropri ate 
NRT or safet)' agency. 

SLll1?J1W ~y 
During the R apid Ecological Assessment , divers will 

focus on conducting a series of REA dives both within 

the impactecl area and in appropri ate reference (or 

control) sites. REA dives can be used to establish th e 

lost resource values and help determine recovery rates 

th rough comparisons with appropriate reference sites. 

Impact 
Event 
Response 
Phases 

Investigalion 
Phases 

Pre-Assessmenl 
Aclj vilies 

Proville fo r Emcrgcncy Rcstomtion Activi ti cs 

THE REA IS THE THIRD OF 

THREE IN-"VATER CO?vIPONENTS 
INVOLVED IN A T\1ARINE IT\1PACT 

EVENT FIELD INVESTIGATIO N 

This Module overlaps 
w ith these stages during 
an impact event and the 
investigation. 

This Module represents 
this point in the timeline. 

Natural 
Resource 
Restoralion 
Phases 

Proville for Res o ntliOIl AclÎ ilics 
- ,....-1 
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REVIE'''' SHEET 

co DUCTI GA APID 

ECOLOGICAL A E T 

OUTLINE OF ACTIVITIES: 

1. REA Team Arrives On-Site Prepared Conducted Documented 

a) CROC coordinates activities, 

b) Ail cameras synchronized to date and time, fresh batteries, housings 

checked, 

c) Photographer photographs all data sheets, 

: 
, - _ ........ .. ~ , -

~,;~~ • • I.!!:::t:: t~ 
~.:.~: ' ::.: 1 - ·: 

ImpOltant Tools, 
._ .. ';0 • ~_. 

- -- l':;.. ~~~ 8=~' - i ' ~ -~ o =~o~ 

FOlTIlS or Other 
_ . 

tL 
.. .. ... ; W; <>'>;\'~\ -, ..•.• 1 l' r::.,-:') I_C:-. 

Aids: '."':-'~ .. ~ \ ~l~;o JI..: \ ~ , ~ 
_., ,- ~ ~.~ "'~n",~, _':.~ 1 
' . '. \ ?'l'~ ' . 1 

'" 
,- L ::.~'~,:,,- ~€'= .~; .... - --';'- . -.. .. 

CROC Form L'lilial Site Diagram 

2. Flsh Team On-Station I ~ Prepared Conducted Documented 

a) Anchor the first slllface safety float at the beginning of dle first n'an-

sect; record the compass direction of the n'ansect. 

b) Swim-out leg of fi l'st fish n'ansect, swim back leg of first fish n'<lnsect. 

c) Swim 5 m beyond first n'ansect in same direction and set second n'an-

sect, anc\lOr second slllface safety float. 

d) Swim-out leg of second fish transect, swiIl1 bac\c leg of second fish 

transect. 

e) Conduct quick swim around n'ansect lines searching for rare species 

and unusual fish habitat. 

f) Fish team ren'ieves first n'ansect line (ifbenthic team finished), ren'ieves 

first slllface safety float anchor and ascends first safety float line to 

safety stop, 
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Fish Team On-station 

g) Photographer photographs aU data sheets once back on-board SUppOLt 

vessel. 

l mpOLtant Tools, 

FOl'l11S o r Other 

Aids: 

Data Sheets 

Aigai Diver: Benthic Team On-Station 

Transect Lines 
-

a) Algai diver photographs aU data sheets and photographs 360 degrees 

at smface. 

b) Aigal diver photographs 360 degrees at the staLt of dIe first transect 

line, photographs his/ her depdl gauge/dive computer, and dlen pho-

tographs e\'eL)' 0-5 m (using the 0.5 and 1 m maries) ofdle transect line 

using a 0.5 meter stick to position the camera exacdy 0.5 m above dle 

n-:lI1sect lille for the fu'st and last 10 meters ofthe line. 

c) Surveys 0.5 m to either side of dle two [0 m subtransects, noting aIl 

species encollntered and sampling as necessary. 

d) Uses a 20-point 0-5 m~ guadrat to estimate abundance and percent 

cover along four random.!y se1ected sections of each [0 III subtransect. 

e) Repeats procedure for second transect. 

f) Conduct guide swim around transect lilles searching for rare species 

and UllUSUal aIga.! habitat. 

g) He1ps retrieves second transect tine, ren'ieves second smi1ce safety 

float anchor and ascends second safety ftoat tine to safety stop. 

h) Photographs bendJic team's data sheets immediately after team gets 

back on-board the smface SUPPOLt platform. 
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Prepared Conducted 

S U1face Safety Floats 

Prepared Conducted 

Documented 

Documented 
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Important Tools. 
Forms or Other 

Aids: 

Quadrat DataSheets 0.5 Meter Stick 

Invert Dlver: Benthlc Team On-Station Prepared 

a) AJgal diver goes first to photograph the first transect line. 

b) Invcrt diver censuses density of urchins along the 10 111 transects whilc 

the coral diver conducts a quick point intercept survey ofbottom type 

ta detcrmine covcr characteristics. 

c) Survcys 0.5m to either side of the two 10 111 subtransects, noting ail 

species encountered and samp!ing as necessary. 

d) Focus on pre-determined keystonc macroinveltebrate species. 

e) Repcats procedurc for second transect. 

f) Conduct quick swim around transect !ines sem'ching for rarc species 

and unusual invertebrate habitats. 

g) Hc1ps retrievcs second transect line, retricves second slllface safety 

ftoat anchor and ascends sccond safety ftoat line to safety stop. 

Important Tools. 
Forms or Other 

Aids: 1 

DataSheets 0.5 Meter Stick 

Coral Dlver: Benthlc Team On-Station Prepared 

a) Algal diver goes first to photograph the first transect !ine. 

b) Coral diver conducts point intercept along each 0.5 m marking for 

each 10 m subtransect to determine cover charactcristics. 
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5. Coral Dlver: Benlhlc Team On-Stallon Prepared Conducled Documenled 

c) C oral diver(s) censlls aIl coral colonies within 0.5 111 to each si de of thc 

transect line along cach la m subtransect on thc fi l'st 25 111 transect 

line. C olonies arc cIassified to one of eight size categories. 

d) Document fragmcnts, paltial mOltali ty, discase, predation, abnormal 

g rowth, bleaching, other indirect human impacts. 

e) Conduct rugosity cstimate lIsing la m smaIllink chain placed alongsidc 

transect line for each la m sllbtransect. 

f) Repeats procedure for second transect. 

g) Conduct quick swim arollnd transect lines searching for rare species 

and lInusual inveltcbrate habitats. 

h) H eIps retricves second transect line, retrieves second slllfacc safcty 

float anchor and ascends second safety float line to safety stop. 

Important Tools. nl~~' - fi 

Forms or Other 

~ 
l-

Aids: 

• 
DataSheets 0.5 Meter Stick ..... 

'-' 
, Chain 
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7he I<o!e of the CO'la! I<eef On-Scene 
Coo'ldinato'l (7he C I<OC) 

Many investigations reqltire a single person to 
coordinate the on-scelle -investigation and ensure 
that ail necessmy c01nponents are gathered in 
the correct order and 1naintained properly 
relative to standard evidence and data 
1nanagmnentf01' n1,arille ÙljUry asseSSn1,el1ts. 
This person is -refe1-red to as the Coral Reef On­
Scene C001'dinat01' (the CROC). 

'Nhile many NRT organizations will have various 

levels of administration, dive safety officers, safety 

officers, and medical personnel; a multi-agency 

field team often l'uns into issues associated with 

chain-of-command and chain-of-custody concerns 

0)oth within the team itself and between agencies) 

and interface with non-field team elements. 

Regardless of how the formai Incident Command 

System (ICS) is arranged to deal with these issues 

for the overall irtimy event and other response 

elements, in the field the irtiury assessment team 

,§ 

has to have a single member on-site, ",,,ho is overall 

in charge of the team in the field relative to: 

1. Organization and Documentation. 

2. Risk IVIanagement 

cS 3. Intelligence 
ci 

4. Evidence and Data Chain-of-Custody 

ORGAl'\TIZATION AND 

DOCU?\'lENTA fI ON 

T he CROC is often the individual on a response 

team who takes the lead in making sm e that prior 

to team deployment the team is organized and 

ready to deploy. This will involve the CROC 

being the fo cal point for information coming into 

the team and the lead for information emanating 

fi'om the team. Ali formai documentation should 

go through the CROC. 

INITIAL INVES rIGATION Of THE 

INCIDENT 

Once a CROC is established for an incident, it 's 

going to be important for him/her to work with 

the NRT and other responding agencies to 

determine the appropriate level of response 

necessar y. Often this will be leveraged against the 

type and scale of irtiury along with the potential 
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risks that the irtimy vector poses to life, property 

and remaining natmal resources in the immediate 

area. Primary roles to be accomplished include 

the following: 

Overall Incident Risk Jvlanagement 

File Boat, Dive, Mission Plans 

Arrange for Site Security 

The Initial Investigation: 

Determine Level of Response 

Coordinate and Notif)' Interested Agencies & 

Parties 

Supervise Initial Investigative Response 

Ensure Proper Storage/ Chain-of-Custody of 

Materials Gathered. 

The Pre-Assessment: 

Determine Level of Response 

Pre-Dive & Post-Dive Briefings 

The Impact Assessment: 

Determine Level of Response 

Pre-Dive & Post-Dive Briefings 

The Rapid Ecological Assessment: 

Determine Level of Response 

Pre-Dive & Post-Dive Briefings 

RISK MANAGEl'vlENT 
The CROC often has overall responsibility for risk 

management associated with staging and 

deploying the team on-site, conducting dive 

operations, extracting the team, and exiting the 

staging area after the dives are complete. Each of 

these e1ements has safety (and possibly security) 

issues associated relative to individual team 

members, support personnel and peripheral 

personnel involved. It is therefore important that 

the CROC be the NRT individual with the most 

safety and risk management training; in man)' 

areas CROCs are individuals who have gone 

through certification comses to be Divemasters, 

Assistant SCUBA Instructors, or SCUBA 

Instructors, where formai risk management field 

techniques are taught. 

We strongly recommend that individuals seeking 

to serve as CROCs seek out and take advantage of 

public safety, risk management, rescue and rescue 

planning, and emergency response training. VVe 

also recommend that te am 's have assigned 

individuals responsible for geaI' maintenance, dive 

master (monitoring divers), safety diver (if 

necessary), communications, data and evidence 

storage, etc. 

A key component of risk management is planning 

for contingencies and evaluating the risks 

associated with various proposed actions in order 

to ma..ximize team safety and success of the 

mission. As such the CROC (with consultation of 

the team's (or NRT's) Diving or Field Safety 

Officer) should be responsible for planning the 

different dives, filing dive and mission plans, and 

conducting both the pre- and post-dive safety and 

mission briefings. 

THE INITIAL INVESTIGATION 

Prior to putting a team in the field , the CROC 

will need to gather certain critical information or 
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assign a te am member to be responsible for his 

action: 

Weather Forecast: Print 

out a three-day for ecast 

from a reputable source. 

This fore cast is used for 

planning field investigations, 

response activities, and 

proj ecting possible tr~ectories for oil or 

contaminant spi Ils. i\/larine weather forecasts 

should include surface wind speeds and 

directions, wave heights, temperature range, 

sunrise and sunset times, humidity, and multi­

day Iiong-range fore cast. 

Tidal Forecast: Printed 

tide charts or computer 

models of tidal changes for 

the next tlu"ee days. Tidal 

information helps with 

logistical planning, turbidity 

estimates, spill tr'li ectories, spawning concer ns, 

etc. 

The CROC should post weather and tidal 

conditions for the team and other NRTs. 

INTELLIGENCE OFFICER 
The CROC often has to serve as the team's 

intelligence officer, interfacing with terrestrial 

investigators, law enforcement, and other 

peripheral agencies prior to, during, and after the 

in-water phase of the investigation to gather 

information that may prove critical to both the 

safet)' of the team and the success of the 

investigation. That said, an eÀ1Jerienced CROC 

will recognize that information derived from 

interviews by officers with individuals under arrest 

or threatened with prosecution should be viewed 

carefully; and terrestrial investigators often do not 

understand the hazards or difficulties involved 

with carrying out il~jury investigations underwater. 

PRE-AsSESS~vIENT 
During the Pre-Assessment, the CROC is 

responsible for coordinating amongst the site 

security, in-water assessment and field units, in 

addition to serving as the prime spokesperson for 

the team to the media (unless the team or the lead 

NRT has a Public Information Officer (PLO) ,·..,ho 

would take on this role) alid to other involved 

government agencies. The CROC needs to make 

sure that ail of the Pre-Assessment data elements 

al"e collected and properly handled and secured 

through the established chain-of-custody 

techniques in-use by 

the team. 

IrvIPACT 

ASSESSJ\/IENT 
It is critical that the 

CROC maintain 

control over ail data 

elements and 

evidence collected 

during the Impact 

Assessment. 

Cal"eful records 

... ""' ..... 

D r .. ,"<-', 
D c... ... u~ 

, 0.0..='.,,,, [ 

° r"""'-.:"""-",,,-
DD~~':.:':., ,,, ·. D ~' .... 
D C"'Iu. 

(photographic and written) should be maintained 

at ail stages of this assessment; and special care 

should be taken to ensure that proper chain-of­

custody procedures al"e followed. Make sure you 

use the CROC form to track ail elements. 
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REAs 
T he most important aspect of the REA for the 

CROC is ma king sure that the raw data is 

duplicated and stored with the previously gathered 

evidence in addition to a copy being used by the 

team 's experts for analysis. Attention needs to be 

paid to designation of control or reference sites for 

the REAs, such that the con trois represent the 

same type of habitat, are in close proximity (if 

possible) and at the same depth contour as the 

impact area. 

POST FIELD\VORK 
The CROC has primary responsibility to foIlow-

up with aIl team elements to make sure that the 

data analysis is accomplished in a reasonable time 

fi'ame, that data or evidence is not released to 

unauthorized parties, and that pre-agreedupon 

Standard Operating Procedures (SOPs) are 

followed relative to post-fieldwork actions once the 

various team members are bad. among the il' own 

NRT agencies. Usually it is the CROC who has 

the lead role for writing up the investigative report 

which is then reviewed by aIl of the active team 

members ,·"ho participated in the tieldwork or 

data analysis. 

AN N1JAL TRAININ G EXERC ISES 
The CROC should also take lessons learned fi'om 

each irtiury investigation and incorporate these 

lessons into mandatory team training exercises 

which should be held at least once a year. The 

CROC" who nmctions much like the conductor in 

a symphony, or the director of a movie, is often 

the one individual ""ho has se en aIl the angles of 

an irtiury investigation and therefore is in the best 

posi tion to take the lessons learned and apply 

them for the benefit of the team in future 

investigations. It should be noted that organizing 

Coral Reef CSI Training Scenarios may take up 

to a year to plan and develop. To be most 

effective, those who plan and organize the training 

scenario should serve as observers or referees , 
instead of participants in order to discern 

unanticipated issues and responses, and to 

méLximize the learning potential fi'om the exercise. 

OTHER CORAL REEF CSI 
TEA~dS 

Along these same lines, it is the CROC who 

should try to interface with other response teams 

in the region or with other Coral Reef CSI teams 

in other regions to share experiences, techniques 

and tools. It is the sharing of experiences and 

lessons learned from elsewhere that can be best 

incorporated into risk management planning for 

the next event to consider new threats safer , 
methods, or more complete investigations. 
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THE CROC AS DI\'E~/IASTER 
U nless a Diving Safety Officer or a certified Divemaster is part of the dive team, the CROC will often 

have to take on the additional l'ole of Divemaster for each of the assessment phases. In addition to 

logging each diver 's dive parameters (depth, time, surface interval, etc.), the CRO C will also need to have 

complete knowledge regarding each team member 's abilities and inabilities relative to the diving 

environment, the type of marine Ït-uury being investigated, and the type of activity role each team 

member will be taking on for each type of assessment dive. T he CROC needs to be constantly running 

risk-benefit analyses relative to the dive team's actions and the changing marine environment they are 

assessing. In addition to the Support Technician on board the dive platform, the CROC will need to 

also pa)' attention to the equipment used, it's condition, and the necessary decontamination, c1eaning 

and servicing post-dive. 

~'~Ioj~ ... i •• ''''. _''\~ 

Dive Divers Role Date Time:in Time:out Max Depth Surface Int. Gas Mix Note 

""""f'ov' Scene 
Perimeter 

mpact Scene 
~"'''~ ,~, 

Impact Assessment 

Impact AssessmentJREA 

:REAlOther 

'"' ~ .. ~'''o~,~, 

• ... \. ,... • 1 ~ - . ~ ~~ W'! t. 

) (~ • #'.'. "-: "1'" 'J" 1 ri. . .. ~ ...... <" • ... ., 
• ( , ~.. ,~.,' ;,"; •• : < 
• "-:f' 1 . ".. ..... . \;, • .' ~~'l:1' . 
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Su tnnUL'7.y 

T he C ROC is lhe o n-sile coordin alor for mosl aspeCls of a field investiga lion . While seniority is an assel 

lo a fun ctional C ROC, lhe m osl criLical aspec t is the lcvel of training and experience in field risk 

manage ment , em erge nc)' response planning ,:U1d implcmentation. diving sa re t)'. etc. O ne of th e moSl 

important roles for th e C ROC besicles leam safel)'. is to docum ent tha l a il neccssar)' lasks have been 

comple ted. aU cla ta a nd cvidence has been comple ted and acco untecl for (or securcd). and lha t nec essaI' )' 

chain-of-cllstody procedures \l'ere lü ll owed . 

-
, .~-

-~ 
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REVIEv,r SHEET 

GASAC oc 
OUTLINE OF ACTIVITIES: 

1. Normal Readlness: Actions conslst of developlng & malntalnlng Prepared Conducted Documented 
resources, planning, training and testlng response capablllty. 

a) Vi'ritten SOPs will be maintained, and reviewed annually with ail team 

ll1ell1bers. 1 t w ill also be presented as palt of new team mell1ber ori-

entation. 

b) A Copy ofthe SOP Will Be Kept W ith Each N RT. ACurrent Call-

D own List WIll Be Present \Vidl Each Copy of the SO P and \Vith 

EachCROC. 

c) T he C ROC W ill E nsure ThatT he Team's TechnicianCs) Maintain AIl 

Gear T o Be Ready For Use. 

ImpOltant 

Tools, 

Forms or 

Other Aids: 

sop Team CaU-D own List Gear Ready-To-Go List 

2. Notification of an ln jury Event Prepared Conducted Documented 

a) T he C ROC Will Notif)' Odler N RTs and the 1 CS If N ot Already 

Activated and of Large Senle. 

b) T he C ROC \Vill Activate dIe Team Using dle C urrent Call-Down 

List. 

c) T he C ROC \Vill G atheljReceive Intelligence Regarding the InjlllY. 

d) T he C ROC Will Prepare Dive Plans, Safety Plans, Boat Plan, & M is­

sion Plans as Necessmy. 

e) T he C ROC Will Arrange For On-Site Enforcement or Security If 

N ecessaLy. 

f) T he C ROC WilJ IVleet\Vith N RTs or ICS to Present Mission Plan & 

Get Approval Prior to Briefing Team. 
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2. Notification of an Injury Event 

g) The NRTs or ICS Will Inform Ali Field Agencies & PersOIUlel Re­

garding The Team's Deployment and Field Activities. 

h) The CROC V,lill Brief All Field Team Members Completely. 

Important 
Tools, 

FonTIs or 

OtherAids: 

3. Arrivai On-Scene 

:;;. -:: ~-.. --- . 

~. :. " l'' '~ 
__ 4 ' _, •• ~ -.- - . ~ -

~
o." ... _ .. 
~,' - - ­
~~.:- . -

:~ .. . 
-' ... .. . 

Ini! ial Contact Form 

.=='" - ----;-

._--~--

-
Dive Plan 

a) The CROC \Vill Debrief Selllor NRT Personnel At the Scene. 

b) The CROC \Vill Check-in With, & Update, Incident Command; 

Coordinate \Vidl Securityj Public Safety Elements; And Serve As the 

Primmy Media Spokesperson in dle Field if No PlO Present. 

c) The CROC Will Arrange For Food/Rest Periods For Field Team 

Members. 

d) Oversee Establishment of Smging Areaj Platlorm. 

e) Oversee Field Gear Set-up and Satety Gear Placement. 

Important 

Tools, 

FOlTIlSOr 

Odler Aids: 

~:~: ,.~;"::.: I~ . 

~. ",' I ~ ' --

i;cc .. 
1:';:'" --

Prepared Conducted Documented 

l\1ission Plan 

Prepared Conducted Documented 

D ____ • ___ _ 

D====-=:-,'':':':':.: 

s:::~===---::=.':=--:_-

Do_. ____ ._ 

Initial Contact Form Boat Plan rvüssion Plan Media BriefiJ1g Notes 

6. Impact Assessment Prepared Conducted Documented 

a) BriefTeam Prior to 1 mpact Assessment Dive. 

b) Oversee Proper Documentation & Chain-of-Custody During Activity. 

.,1 

<',r ~ 
_.1 .. 
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5. Impacl Assessmenl 

c) Monitor Dive Activity IfTeam Divemaster Not Available. COOl'di­

nate Communications With Other NRT/Pllblic Safety Elements 
On-Scene. 

d) DebriefTeam After Impact Assessment Dive, 

e) BriefIncident Command; IncOlporate Reslùts Into Revised Mission 

Plan; BriefMedia If Authorized. 

-

Prepared 

. _ ......... ... -

1 mpOlta nt 

Tools, 

Fonnsor 
OtherAids: 

g::---:;-

1 mpOlta nt 

Tools, 

Fonnsor 

OdlerAids: 

Damage Pathway Diagnull 
~"~:-i-;::::-:-­

Impact Scene Dia",O'faJl1 

CROC Form Chain-of-Custody Form Dive Master Fonn 

6. REA 

a) BriefTeam Prior to REA Dive. 

b) Oversee Proper Documentation & Chain-of-Cllstody During Activity. 

c) Monitor Dive Activity IfTeam Divemaster Not Available. COOl'di­

nate Commmùcations \Vith Other NRT/ Public Safety Elements 

On-Scene. 

d) Prepare Incident RepOlt, 

e) BriefIncidentCommand; IncOlporate Reslùts Into Revised Mission 

Plan; B rief Media If Authorized. 
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-::~" ...... ; t'. 

CROC Form Chain-or-Custocly Form Dive Master Form Fonn 

7. Post-Field Activity 

a) C ROC \\Till Oversee Recovely and Maintenance of AIl Gear. 

b) C ROC \~Till Worle W ith Incident Command To Plan Additional 

Field Activities If Necessary. 

c) Oversee T hat AIl Data Is Properly Analyzed; And T hat Data Securityj 

Evidence C hain-of-C ustody Is Maintained. 

d) C ROC Will Prepare T he Investigation Report. 

e) C ROC \\Till Review the Incident Response and Prepare An Evalua-

tion for N RT Review. 

ImpOltant 

Toois. 

F0l111s or 

OtllerAids: 

Prepared 

Invesligalive Report (Sample) Incidenl Response Evalualion 
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Âna!ysis of Âssessment ])ata 
3.5 

3.0 

'E 2.5 

VI 

.~ 2.0 
o 
8 1.5 

à 
Z 1.0 

0.5 

Impact 

Often the weakest part of an ·in-water 
investigation is th e postfieldwork analysis of the 
b1:010gical evidence and REA data collected. 11108 
highly orgall'ized alld coordinated assemblage of 
personnel and equ·iprnellt involved in afield 
investigation oJteu gives way to olle or two 
ind1:viduals working 'indepelldently over the 
followillg days (or weeks) to allalyze what was 
collected. OJten, these illdividltals, when 110t Ùl 

thefield, may get overwhelmed with othel' office 
du.ties and the analysis lnay get delayed. 11te l'eal 
l'isk ltllder su ch a scenario is a loss of chaill-of­
cllstody or degradatioll of the lnaterial collected 
sltch as to decrease its 1tsefttlness ill the 
investigation. 

fu'\TALYZING BIOLOGICAL 

SArvlPLES AND REA DATA 

Analysis of biological samples and REA data involve 
different pathways in the iruury investigation. 
Biological samples are often analyzed by experts in a 
laboratory setting; care must be taken at ail steps to 
maintain chain-of-custody and to preserve the integrity 
of the biological samples. Analysis of REA data is 
basically number-crunching which can be done on a 
computer in an office or home by a trained expert with 
knowledge of basic data analysis and statistics. REAs 
focus on delineating the iruury in su ch a way as to 
provide guidelines for what was lost in order to initiate 

The following requires a basic understanding 
regarding biological statistical analyses. For 
many jurisdictions, access to a biostati stician 
or professional marine biologists and 

ecologists with stati stical analysis backgTound 
is critical if su ch expertise is not available on 
stafT. 

mitigation or restoration. Note that both components 
(biological sam pie analysis and REA data analysis) 
vary from the type of analyses associated with most of 
the components of the Pre-Assessment and Impact 
Assessment. These function primarily to document the 
injury scene (i.e. create a narrative of the what's known 
to have happened) and analyze the evidence collected 
at the scene to allow for a reconstruction of the events 
and actions that led to the injury. It establish es a 
formai link between the iruury and the responsible 
party while also delineating the damage caused to the 
natural resources. 

While sti ll on the boat, ail data sheets should be 
photographed by the team photographer immediately 
after the divers exit the water. After the the field work 
is fini shed, ail data sheets should be copied and the 
copies secured with other evidence prior to the 
individual team members being allowed to work on 
their data. 

Regardless of specialty, ail team members should enter 
their data into a pre-agreed upon spreadsheet from 
which anyone can analyze their data. \t\Thile everyone 
has their favorites, Microsoft Excel is probably the 
most widespread and easily available. Ivl etadata 
(information regarding the date, depth , location, time, 
tide, and other broad variables) should be included on 
a separate portion (or sheet) of the spreadsheet. Data 
should be entered into the spreadsheet at its lowest 
denominator - in other words, each cell should have 
the raw numbers first - exactly what was found on the 
data sheet - not averages, sums or fi-actions. 

Graphics and charts in this section are presented in a 
number of styles and forms in order to expose you to 
different ways of presenting data analyses. 
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INjURY AREA MEASUREJ\!IENT 

DATA 
The specific injury measurements should be grouped 
by injury cause, location and habitat type. Total sums 
by category should be presented along with a total sum 
for the injury broken down into area measurements for 
direct and indirect amounts, and presented in amounts 
per meter square. 

ln jury Site 

Initial Impact Site 

2 Debris Field 

3 Dragging Scar 

4 Secondary Impact Site 

5 Tertiary Impact Site 

Total Damaged Area 

Injury Arec 
(m2 ) 

29.11 m2 

85.75 m2 

11.09 m2 

43.09 m2 

22.12 m2 

192.06 m2 

Examplc o[measured damage to gcological features , live 
coral and live rock from a single injury cvent. 

REA DATA OVERVIE\tV 
In most cases, the NRTs have little if any reliable data 
on what specific resources existed (and in what state) in 
the injured area immediately prior to the impact event. 
The use of multiple nearby areas for reference is a 
often-used approach for enhancing the probability of 
representing pre-incident communities fairly by 
accounting for ecosystem heterogeneity and reducing 
the potential for spatial differences. This reference 
data will often need to be sorted by common variables 
such as depth, habitat type, location, etc. and then 
averaged with standard error determined. 

RUGOSITY DATA 
Rugosity data should be analyzed for each rugosity 
measurement by dividing the Relative length 
(measured in meters) resulting from use of the 10 m 

rugosity chain laid into the reef contours, by the 
Actuallength of the transect section (fixed at 10 m). 
The resulting fraction is a representation of three­
dimensionalness. As the fraction approaches "1", the 
habitat is primarily flat and featureless; as the fraction 
approaches "0", the habitat is highly three­
dimensional. Data should be averaged across all 
transe ct subsections at each site for analyses. Primary 
comparison should be injured sites ( broken down into 
habitat and/or depth) versus control sites ( also broken 
down into habitat and/ or depth). 

CORAL DATA 
Biodiversity: An ove rail species list should be 
established based on presence absence at the controls 
versus injured area, and biodiversity comparisons 
made. 

~ 
E 4 
V> 

'" 'c 
~ 3 
o 
ci z 2 

Biodivel'sity, colony size , and number of colonies from a 
injury site. 

Abundance: You can plot species vs size category vs 
abundance as shown ab ove, but in areas with lots of 
coral species this will become hard to visually interpret. 
In some cases you may wish to pool coral species data 
by classifying coral species into functional groups, 
growth forms, or lump all species within their 
respective genera. Data should be averaged across all 
transect subsections at each site for analyses; though 
each functional group should be analyzed separately. 
You may need to group attached coral size classes 
together in order to allow for standard parametric tests 
to be applied, especially in situations where small 
numbers of site replicates exist (very common in coral 
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reef injury investigations). Groupings should be based 
on similarities such as age structure, suspected 
exposure to the injury, or relative habitat contribution. 

MontipDr8 encrusl ing Pocillopora mealldnrla 4 PociIJOfXJra eydotJ.\C' porires Icbale 

Example of ùle Averag-e (+ S.E.) Number of Colonies for 
Groupings of Coral Species from an In jury Event. Note 
the dominance of Pori tes loba ta, a type of coral that is 
eX1:relllely long-lived and cau fonlllarge massive colonies; 
this would be a flag for a resource manag-er to suggest that 
this iniurv would have a len~lhv natural recoverv. 

Fragtnent Analysis: Loose fragments can be 
analyzed separately from the attached cOl"als but using 
similar methods. Vou may need to group fragment size 
classes together. Fragment comparisons between 
reference and in jury sites can b e used as one measure 
of impact and pre-existing impact prior to the injury 

incident. Large numbers of fragments found within 
impact areas versus acljacent reference areas may 
suggest that the reef substrate was relatively intact 
inunediately prior to the injury event, suggesting that 
the damage noted was due to this series of incidents by 

the RF. 

350~ 

300 

250 ~ 

20J/ 

150/" 

Fragments 

Fragme nt Size Diame l er Calegori es. (çm) 

Imp.iKt 

> ,., 

I mpila 

. CUltrd 

Comparison ofJoose coral fi·agments dOCulllented within 
all impact areas (5) versus all COIlU"ol areas (12) . 

ALGAEDKrA 
Biodiversity: An overall species list should be 
established based on presence absence at the con troIs 
versus injured area, and biodiversity comparisons 

made. 

Abundance: Proportional cover should be 
determined for each species or functional group by 
c1ividing total number of relevant points by the total 
for each 10 m sec tion of transect, this will result in a 
percentage cover representation. D ata should be 
consolidatecl and analyzed by algal functional group 
(example: macroalgae, Crustose Coralline Aigae 
(CCA), turf algae and invasive algae), and be averagecl 
across ail transect subsections at each site for analyses. 

Functional Group n Reference Impact 

Macroalgae 6 21.76 ± 3.28 28.44 ± 6.05 

Crustose Coralline Aigae 6 23.33 ± 5.18 7.17 ± 3.44 

Turf Aigae 6 28.78 ± 6.44 18.21±5.16 

Invasive Aigae 6 0 38.32 ± 6.90 

Exalllple ofAverag-e (+ S.E.) Percent Cover of AJgal Func­
tioual Groups fi·OIll anluvestigation of au ln jury Event. Of 
the a1glli fuuctioual gToups, turf algae had the highest cover at 
reference sites, ",hile invasive alg1l.e had the highest cover at 
impact sites; however, invasive alg1l.e was not observed wiùùn 
measured quadrats in the reference areas. 

Reference 
Impact 

~I 40 

1 30 r-I Percent 

1 Caver 

~I 20 

10 

rv\:tcrœlgae CCA Turf Algae Invasive Argas 

Aigai Functional Group 

IN\ 'ERTEBRATE DKrA 
Biodiversity: An ove rail species list shoulcl be 
established basecl on presence absence at the con troIs 
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versus injured area, and biodiversity comparisons 
made. 

Abundance: Break data down at least by Phyla, and 
preferably by functional group (for example: mobile 
herbivorous sea urchins versus bioeroding boring 
herbivorous urchins) and/ or susceptibility to the 
incident-related injuries. Data should be averaged 
across ail transect subsections at each site for analyses; 
though each functional group should be analyzed 
separately. 

r . 
'E 

Ji 3 
E 
:::> 
Z 
ID 

~ 2 
ID 

~ 

Boring Urchins Mobile Urchins 

E,xamplc of Average (+ S.E.) orUrchin Func­
lional Croups Mcasured For A Coral ReerInjury 
Event. 

REEF FISH DATA 
Biodiversity: An ove rail species list should be 
established based on presence/absence at the controls 
versus injured area, and biodiversity comparisons 
made. 

Abundance & Biolllass: Fish densities can be 
calculated using appropriate area estimates (i.e. 100 m2 

for fish greater than 10 cm, and 50 m2 for fish less than 
10 cm). One way to translate fish numbers into 
densities per hectare is to calculate biomass per hectare 
using published length-to-weight conversions for the 
fish in your area. 

Fish species can be categorized into mobility (or site 
fidelity) groups for your area by breaking down fish 
species as follows: R (species with limited movement 
and well-defined home ranges), SI (species that are 
mobile and have daily movements on the order of tens 
of meters), S2 (species that move daily on the order of 

Spcdu Mob. Rr r. :"\111 '" Sprdu ~1I1b. ltC'r. ~ III '" ChrolllÏJ' l '(mt/ahifri R 4or4 .7. B{)(Ii/llIll.f hifffllll!alltJ " " TlUI/huGlI/adl/perr"." ob s4.0 0 Coris gaimard ob ,4 ,. 
Dlln'ylllls fllbisell" ob ,,' 0 0 Z~>hflUf)1II1I jlm't!j('t! /IS ob ,4 
Poracirrhifesflrccl ll lI R '00 b. s 0 At'(//llll11rlH Olil 'OC<:'O IIS " An l/1r1l11rla IIigro/iuCIiS ,b .0 boo (jmIClIl1III11.1'~\picIIS R 
Plc!ct,og('lJ!/ùlm loll 
joh/U loniwlIIs R ' .0 0 Chrol/lisOl'olis 
S//1I111/11ell bur5tl ob ,,' .0 '00 Ch/orl/rus mrdidus 
PI""lrog~"phidQ(IO/I 
imparip"I11 /ù 0 Cirrld/opsfiuCÎallIS 

,\ IIICTOpIWT)71gOlloll 

G lllfhigasier jOde/ lor ob b44 0 g.'offroy ob 
Chln'fIU/OII milia riJ ob b44 0 NUlOh.'xanlll llllls ob 
P(lraf/e/U.· /IS 

III/liliftlsât/IIIS ob b7. b,. 0 Os/rudon mef.:llgris ob b7 
Plllgiofremlls gOj/il/â R b,' 0 ParllcirrllilesforMer; R 
Cl/tI<!Iod o lJ 

l/,wdril/wClllatlfS ob bb, 0 Ecl!idml fleb"fosa ob b, 
SClIrlfspsilfllCflS " 4' 0 Gomphm lfs l'GrillS ob b, 0 

CI/(Jo!ItHloIIOrllllliss;III11S ob 7. 0 G llI/lligustr!rctJr O/mto ob ,. 0 

Hffficlmr!r" .fllrllo ti.uimlfs ob 7. 0 0 CU/l I"r!rhi"i!S dlfm.7 ri/ii ob b7 
COriS I'i'IIIISW ob 7. boo Mdichll!ys l'it/ml ob b7 
Pllmpercis sc!ull/ills la"t!i ob boa , b7 NtlSO llll icorllis .7 
Psellllochei fil lllS Ondld/i/ll1S 

IJt'IV IIl i!/lio ob 0 /llI lfùsci(lI /lS ob b7 
pJt!llIlm:" eilÎlllls 
fefrl1/(fellia ob 0 0 SIIOlallle" fmelllllllS 
Rhim'cIJ/ltlmsrt7 Cfllllg/lills ob , 4 '.7 

thousands of meters), and T (species that move over 
great distances). Number and biomass of individuals 
in each mobility class can be summed for each 
transe ct, and the means of the two transects per site 
used in the follow-on analysis. For sorne incidents 
\.vithin defined are as, only fishes that are grouped into 
the 1:\"'0 lowest mobility groups might be used for your 
analyses, because with many incidents the higher 
mobility and transient fishes were not likely to have 
been impacted by injury-effects that only represent a 
smaU portion of their total home ranges, and these 
groups tend to be unevenly sampled with this type of 
transect method. Conversely, less mobile fishes, with 
greater site fidelity, would be more likely impacted by 
the incident injuries \.vithin the defined area, which 
probably represents either aU or the majority of their 
home ranges. 

Data should be averaged across aU transects at each 
site for analyses. 

';' 
CIl 
.<: 

ID 
.0 
E 
::J 
Z 

8000 c:::::J Reference 0.25 
fZZZl Non·Hulllmpad 
~ Hull Impact 

0.20 
6000 

0.15 ~ 

4000 III 
III 

"' 0.10 ~ 

2000 
0.05 

R no. SI no. S2 no. T no. S 1 blo. S2 bio. T bio. 

Examplc of Average (+ S.E.) NUlllbcr and Biomass orFish 
by Mobilit)' Croup For A Coral RccfInjury Event. Notc 
lhc subdivision into direct in jury by lhe grounded impact 
(hull impact) and the indirect in jury caused by the rc­
sponse effort (non-hull impact). 

iii 
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') DETERNIINATION OF VARIANCE 

AMONGST MEASUREMENT F AC­
TORS 
In sorne cases, you may 'ArÎsh to explore running an 
Analysis of Variance (ANOVA) on specific data sets in 
order to compare the differences ben.yeen field 
variables such as differences in depth, location, etc. As 
'ArÎth many statistical tests, the data must meet certain 
conditions prior to running the ANOVA. 

Source DI' SS MS l' P 

Boring Urchins 
Depih 0 7i 7i 
LU iiOl 0 G1i Ol i Cil Gl9 
nrrG- 9 7173 170 
TG 1 en 99CD 
Mobile Urchins 
Dcpih 0 0 0 
LG: iiCh 0 1 0 1 G ci > <Jnp 
nrrG- 9 G7 1 CD 
TG 1 en i 9 

Example of a Block Design ANOVA with Tukey HSD 
Comparisoll of'Location' Urchin Dcnsilies and Deprh. 
Note that the data werc square-root transformed ta meet 
model assumptions. 

If done correctly, this will help to minimize suggestions 
by the RP or others regarding other explanations for 

) your results. 

STATISTICAL ANALYSIS FOR 

INjURY PROJECTIONS 

At this point in the investigation, i~ury to a variety of 
coral reef resources has been observed and 
documented in pre-assessment and impact assessment 
acti,rities. One of the purposes of the REA is to 
quantify the injuries relative to the natural resources 
that would have been there absent the incident, not 
determine whether injuries had in fact occurred. 
Statistical hypotheses thus tend, for most functional 
groups, to be one-sided. A priori, numbers of targeted 
organisms (corals, fish, invertebrates) for the different 
REA subgroups would be hypothesized to be less 
dense in injured areas compared to reference areas. 
Other organisms known to congregate in injured areas 
might be hypothesized to be at greater density after a 
major in jury (for example Crown-of-Thorns Seastars 
feeding on damaged coral). ''''hen multiple factors 
(such as coral sizes, fish mobility classes) or impact 
types (for ex ample, hull impacts versus non-hull 

impacts) are considered, two-sided ANOVAs (one-way, 
factorial, block) can not be used; factors can be 
independently evaluated 'Arith appropriate one- or n.yo­
sided tests. In most cases, transformation assumptions 
(square-root, log, arcsine square-root, etc.) can be used 
to meet model assumptions (Adapted from Kolinski et 
aL., 2006). 

In many cases, data results should be presented with 
the standard error referenced against the results for 
Reference and Impact sites side-by-side for each 
biological variable analyzed. 

DETERl\1:INING ESTIlVIATED 

NUMBER, SIZE AND SPECIES OF 

CORAL COLONIES INjURED 
One function of the rapid ecological assessments is to 
help establish average coral colony parameters that 
would have existed at the site prior to the injury. This 
is done by conducting multiple transects parallel, and 
adjacent, to each side of the irtiured areas at the same 
depth profile, whenever possible, to establish 
appropriate reference areas. This results in multiple, 
replicate 10 m transects for each injured area. The 
REA Coral transects classify every coral colony by 
species and size class out to 0.5 m to either side of the 
transect line resulting in a measurement of coral 
colony coverage 'ArÎthin 10m2 for each of the parallel 
transects. Estimated number of coral colonies 
damaged ,.vÏthin the impact area can be derived by 
multiplying the damage area measured (squared 
meters) times the average number of coral colonies 
(per species) in the reference transects divided by 10 
square meters (the area of each reference transect 
surveyed). Confidence intervals at the 90% level are 
determined using the the standard de,riation and the 
number of con trois for each derived number of 
colonies damaged per species. 

DETERMINING RECOVERY 

RATES 
Use published growth rates or actively measure growth 
over time for one or more primary species of coral at 
the impact site. For example, Parites lobata from the 
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Average # Estimated # 
Colonies Colonies Lower Higher 

Reference Damaged 90% Range # Range # 
Areas per Impact Within Impact Confidence Colonies Colonies 

10m2 St. Dev Area (m2\ Area Limits Damaged Dami!ged 

Montipora pa tu la 22.00 7.57 29.11 64 6.23 58 70 

M. capitata 16.75 8.50 29.11 49 6.99 42 56 

Pavona duerdeni 0.00 0.00 29.11 0 0.00 0 0 

P. varians 0.00 0.00 29.11 0 0.00 0 0 

Pocillopora 
eydouxi 0.75 1.50 29.11 2 1.23 1 3 

P. meandrina 7.00 4.55 29.11 20 3.74 16 24 

Porites lobata 0.50 0.58 29.11 1 0.47 1 1 

P. compressa 22.75 10.87 29.11 66 8.94 57 75 
Total 

Estimated # 
Colonies 
Damaged 203 174 230 

Example of a Derivation of Estimated Number of Coral Colonies by Species Damaged Witlùn an Impact 
Area Based Upon Reference Area Measmements. Note that the estimated number of coral colonies dam­
aged 'l'as derived by nllùtiplying the damage area measmed (squared meters) limes the average number of 
coral colonies (pel' species) in the control (refeJ'ence) U'ansects divided byro square meters (the area of 
each conU'ol U'ansect surveyed). Confidence inteJ'vals al the 90% level were determined using the the 
standard deviation and the number of conu'ols fol' each derived mil]) ber of colonies damaged pel' species. 

l'dain Hawaiian Isl ands might average around 1 cm/yr 
linear growth; we therefore could estim ate that the 
recovery time for Porites lobala colon ies (dominant coral 
on that type of reeD in the 80 cm - 160 cm range ""ill 
take at least a minimum of 80 years. Use the 
dominant coral species or th at with a predominant 
ecological function to base recovery of the reef itself 
on as the reef ecosystem would not be expected to fully 
recover until such time as the full assemblage of coral 
coloni es in the size ranges that were present prior to 
in jury event, re-establish themselves completely, and 
allow the full variety of associated reef I1sh, sea turtles, 
and invertebrates to m ake use of the ecologi cal 
fun ctions they provided prior to the impact ir~jury; this 
often me ans the largest colonies impacted would take 
the longest time to full y recovel~ 

FINAL STEPS IN ANALYSIS OF 
REA DATA 
After each team member has analyzed their respective 
data sets, a series of meetings should be held where the 
team members present their data to each other and 
work out or account for any inconsistencies in order to 
produce a unified account based on th e data results 
and relative to the investigation. In general, the team 
should strive for data analysis th at are clean and clear 
relative ta their abilit:y ta be presented ta a 
decisian-,making body through either presentation or 
the written investigative report. Team m embers 
shauld carefull y review each other 's analyses to assure 
that th e proper assumptians were met for each 
statistical test or analytical method used. D ata and 
data analysis should be reviewed for incansistencies ar 
in accuracies ",hile in draft form, as the RP's experts 
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Cost to 
RP 

will be scrutinizing your analyses looking for any weak 
point or inaccuracy to strengthen their clefense, 
minimize the ir~jury amount , or lessen their 
responsibility for the injury. 

Impact 
Event 
Response 
Phases 

Investigation 
Phases 

Natural 
Resource 
Restoration 
Phases 
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notes 
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A~~iva! & P~ese~vation of the Scene 

The ùtitial steps taken at the 
beginning of an injwy 
invesÛgation are critical to 
the success ofthefollow-on 
ùt-water investigation 
ele/nents) and ultin'tately) to 
the fmal decision-nwking 
and nûtigative efforts. 

The very first Natural 
Resource Trustee (NRT) 
representatives on the scene 
will need to evaluate the in jury 
relative to the following issues: 

1. Safety - Are the injury 
events still on-going in 
such a way as to pose a 
danger to life and 
property? Often these 
will involve 
government agencies 
that focus on public safety. 

2. Geographical Scale - H ow large is the 
iruury relative to distance? As this scale 
increases, usually additional NRTs become 
involved. 

B-95 

3. Temporal Scale - H ow long has the iruury 
been on-going? H ow long is it expected to 
continue? 

Note: Coral Reef CSI Techniques as shown 
in this toolkit "vere developed for short­
term, not continuo us, human-caused 
iruuries to coral reefs. 

4. Habitat Scale - How many different 
habitats or subhabitats (marine, coastal or 

land) are currently being affected by the 
in jury event? 

The result of this quick evaluation 
by the :NRT should be the 

basis for initiali zing a 
coordinated response by 
the NRT agency or if 
the scale is large 
enough a group of 

NRT and publi c safety agencles 
working togeth el~ 
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WHO SHOULD REPORT AN 

INjURY EVENT 

Often the first people to notice a coral reef injury are 
not those well-trained to evaluate its scale and dangers. 
That said, mostjursidictions should invest in educating 
the public and specific coral reef user groups regarding 
proper reporting procedures when they encounter a 
reef injury. "'"ith minimal background, any individual 
having knowledge of an incident can initiate a report 
to a NRT; these might include the RP, captains of 
commercial vessels and vessel- towing companies, 
boaters, divers, fishers, and other observers. It is 
important to emphasize the need for reporting the 
incident as early as possible, reporting specific location 
information, and reporting any potential dangers 
obvious at the scene. Additional information 
regarding specific identification of the cause of the 
injury, number of people involved and their status, etc. 
should also be solicited. The NRT representative who 
receives this information should also make sure to get 
the reportee's contact information. Efforts should be 
made by NRTs to have the ability to receive reports 24 
hrs a day in a manner that is easily accessed by the 
target user groups (phone, radio, etc.). 

WHAT To INITIALLY REPORT 

ln order to initiate a safe coral reef injury response 
with proper risk management, it is critical to get as 
much accurate information through the first reports as 
possible. The Florida Department of Environmental 
Protection (2007) has put together the following list of 
information to be reported that is useful to authorities 
regarding a coral reef injury incident: 

• The type of incident that has occurred ( vessel 
grounding, sinking, anchoring, oil spill, sediment 
event, etc.)? 

• \"'hat is the specific location of the incident and the 
approximate size of the injured area? GPS 
coordinates is best, but a physical description of 
the area or location name may suffice if the 
description is specifie enough to le ad NRTs to the 
location of the incident. 
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• Is a vessel involved? If so, provide specifics such as 
the vessel name, registration numbers, type of 
vessel, make, model, C010l~ size, and any other 
identifying characteristics. 

• Are other environmental impacts associated with the 
reef injury, such as petroleum or other chemical 
releases? 

• If the vessel involved is still on the scene, is the 
operator attempting to dislodge the vessel, take 
other corrective actions, or flee? 

• Have any other NRT agencies been notified by the 
individual reporting the incident, or are there any 
NRT personnel or vessels at the scene? 

• \"'hat is the contact information of the individual 
reporting the incident? 

• Is there \risual documentation of the incident (photos 
or video)? 

NAME: DATE: 

AGENCY: TlME : 

CORAL REEF INCIDENT 
INITIAL REPORT FORM 

DATE OF INCIDENT: 

FilE NO. 
INV. 

ISLAND; 

~ TlME OF INCIDENT: 1 SITE OF INCIDENT: 
DPHONE DVOICEf.WL~---:----:----:-___ ---'---_______ -1 
DRADIO o EMAIL ~il/.s); 

DOTHER: 

Mpeclod Respooslble party: 

NAME: PHONE: NAI.1E: 
MOBILE PHONE: 

DRGANIZATION: 

ADQRESS: EP.WL: 
TYPE OF ORGANIZATlON: 

SITE WEATHER CONDITIONS: WlNO DIRECTIONlSPfEO: 

SITe WATER CONDITIONS: WAVE CONDITION: 

~fJfiat AMQUNT Qe.KCi>_~ 

o aIL [TYPE), 

o CHEMICAL: 

o ~RGANIC MATERlAl: 

D:~O'MENT -~ 
DTERRESTRlAL Dt.\ARINE 

OOTHER, 

NAME: 

TYPE: ~ 
UAKE: llENGTH: CoLOR: 
REGISTRATlON: 

ENGINE: 1 FUEL AMOU NT: 
1 OTHER AMOUNT: 

OWt-'ER: PHONE: 

ADORESS: 

·~c=·=·,,-·oc-=--_--'-_ _ __ -L ____ __ I CASE#: ._DATE ASSIGNED: TIME ASSIGNEO: OFFICER ASSIGNED: 

AGEtlCY LEAO: 

IOTHER' l'=CA'''''SE'''''C'''''lO'=SE=''O (="o.'=TE""'),1 CITATION/ARREST NO.: 

CITATION/ARREST DATE: 

The initial report fonn can be used to gather this in­
formation and relay it in a form that can be used by the 
various I\TRT ageneies. 
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Essential Training for NRT Personnel 

Regarding Initial Reporting 

NRT and other agency / government employees need to 
be made aware of their responsibility to report coral 
reef incidents through the normal course of business 
and other standard operating procedures (SOPs) such as 
interoffice/ agency memoranda and email.Ttis 
important that ail employees recognize that the official 
NRT agency(s) possess the overall responsibility, 
expertise, and resources to respond to these coral reef 
incidents. Notifying each NRT and public safety 
agency in a timely way facilitates an effective response 
to incidents causing coral reef injuries. 

(Basecl on Floricla Dept. of Environmental Protection , 2007) 

THE INCIDENT CO}'vIJ'vlAND 

SVSTE1Vl (ICS) 

The Chain of COlllllland is an essential part of 
being able to control incidents of ail sizes. Every 
person involved in the incident response has a 
design ated supervisOl~ As a result, there is a c1ear line 
of authority within the overall organization, with ail 
lower levels connecting to higher levels, eventually 
leading solely back to the Incident Commandel~ 

The principles of ICS c1arify reporting relationships 
and eliminate th e confusion caused by multiple, 
confticting directives from multiple NRTs. Incident 
managers at alllevels must be able to control the 
actions of ail personnel under their supervision, 
regardless of agency. Note that these Chain-of­
Command principles do not necessarily apply to the 
exchange of information in ICS, members of sections 
may directly communicate with each other to ask for, 
or share, information. 

UNlflED 
COMMAND 

o u 
if.) 

::> 

For large-scale in jury incidents (either in regards to 
geographic scale, multiple habitat scale or multiple 
l\TRT scale), a multi-faceted response will probably 
occur. 1v1any regions are using a Incident 
Com.rnand Systelll (ICS) model to hancHe such 
events whereby ail agencies agree tbat tbeir personnel 
will follow a single layered command structure. The 
system is desig11ed to grow and shrink along with the 
incident , allowing more resources to be smoothly 
added into the system when needed and released when 
no longer needed. Given large magnitude events, it's 
not usuaHy possible for one agency alone to 

The ICS function may be carried out in two ways: as a 
Single Com.rnand in which the Incident 
Commander will have complete responsibility for 

hancHe the management and resource needs. 
Partnerships are often required among 
various government agencies. These partners 
must work together in a smooth, coordinated 
effort under the same management system 
and under a single chain-of-command. 

• Natw'al Resource Trustee (NRT) • Incident Comn7.ander 

• Incident C01n:m.and System. (ICS) • Single Com.n7and 

• Chain-of-Comm.and • Unified C01nmand 
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ote: In many iruuries involving physical ü~ury to 
coral reef resources, the response efforts can 
frequently cause greater damage th an the original 
iruury if not carefully controlled and planned. 

• Ecological Triage 

• Incident Action Plan 

• Lightering 
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incident management, or as a Unified Conunand in 
which responding agencies and/ or jurisdictions with 
responsibilit:y for the incident share incident 
management. A Unifiee! Command may be needed 
for incidents involving multiple jurisdictions. A single 
jurisdiction with multiple NRT agencies sharing 
responsibility, or multiple jurisdictions with multi-NRT 
and/ or public safety agency involvement. 

If a U nified Command is needed, Incident 
Cornrnanders representin g lead NRT agencies or 
jurisdictions that share responsibility [or the incident 

manage the response from a single Incident Command 
Post. A Unified Command allows various agencies 
with different legal , geographic, and fun ctional 
authorities and responsibilities to work together 
effectively without affecting individual agency 
authority, responsibility, or accountabili ty. Under a 
Unified Command, a sin gle, coordin atecl Incident 
Action Plan will direct ail activities. The Incident 
Commanders will supervise a single Command and 
General Staff organization and speak with one voice. 

INCIDENT COMMANDER: 
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PERSONNEL NOTIFICATION 

SYSTErvl 

'tVithin the ICS and also within the Coral Reef CSI 
Team, a pre-existing personnel notification mechanism 
will be necessary in order to activate resources for an 
iruury investigation, Ali staff with notification roles 
(either within the team or NRT's involved with the 
ICS) are responsible for maintaining current contact 
information for notification and activation purposes. 
Contacts should include both personal and business 
numbers for te am members. 

THE CONCEPT OF ECOLOGICAL 

TRIAGE FOR Il\UURY EVENTS 
In medicin e, triage is the screening and sOl-ting 
(classification) of a number of patients to determine 
the priority of need for treatment and transportation. 
Ecological triage is the idea of evaluating inunediate 
natural resource injury response and emergency 
restoration needs based upon impaired or threaten ed 
ecological fun ction and available resources at the 
habitat and subhabitat level. Effective real world 
ecological triage would require assessment of the 
biological , economic, and poli tic al realities relative to 
each proposedline of action. 

This sOl-ting generally results in reef iruuries being 
placed into one of four general priority categories: 

High Priority: Those th at need immedi ate treatment 
and immedi ate transport in order to surv ive or which 
provide high ecological services. 

n tern1l"Ula (' u ty. ï 1 Cl li ,,1 ,iii III II 
1 1 L 1 1 11111 1 .\' 111 III ( 1] tl ) III l, 1 
'nih III ~ l' II ( r ollf( It 1 Il " Il 1 II 

( lIP Il Il hlll II. 

Low Priority: those who require iiI Ile or no Irea tlllent 
o r \Vhose Irealment and 1 r~lI1 sporta tion can be delayecl , 

Lowest Pr ior ity : ,hose i l ~L1ri es \ \'h ic l! C ~11l1l 0 t b c~ 

ex p l'L' l ecl to slln ' i \ ' (~ f \ 'e ll \\' i th Ire ~l lll1 t' 1l1 or clue to l ~ l C k 

or Il<'codecl rt'SOl IlTes. or lh oSt~ \l ,hi ch pose 11 0 

i ll lll lf'd i ;ll e th re;l l 10 o tlwr ll ~l ll1ra l r eSOllIT C>S il' !eli 0 11 -

sil e, 

The chart below provides examples of some of the 
triage sorting that should occur with a major in jury 
event. The actual sOl-ting of habitat injury response or 
emergency restoration needs would be affected by the 
availability of response personnel, the qualifications of 
the personnel, resources available on-scene, the direct 
risks posed by the injury event, the environmental and 
weather considerations and the proximity of clefinitive 
support facilities and funding: 

High Priority 

(Red Priority) 

• Fragm ented / Overturned 
Branehing Coral Colonies 

• Fragmented / Overlurned 
Massive Coral Colonies 

• Iqjured Marine Mammals / 
Sea Tllrtles 

• Oil or Chemieals in Wate r 

• Coneentralecl Organie 

Material 

Low Priority 

(Green Priority) 

• Damaged Enerllsting Coral 

• Deacl Fish & Invertebrates 

• Damagecl Seagrass 

• Metal or Concrete in ''''ater 

Interlllediate 

Priority 

(Vellow Priority) 

• Damagecl Small Coral 
Colonies 

• Damaged Sea Fans/ Soft 

Corals 

• Deacl , Laose COl'als or Large 
Rubble/Substrate If In 

Potential ''''ave Area 

• IVlarine Debris (Nets, Lines, 
Plastics, etc,) in Water 

Lowest Priority 

... ': 
(Blacl(·Priority) 

• Barren SubstratelPavement 

• Deacl EnelUsting Coral 

Example of a Triage Priority Chart for Coral 
Reef lr~urie s, Vou 1111gh! want to rearrange these 
elements, or add new ones, to n'lake this specifie 
for your region , 
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General Coral Reef Ecological Tliage GuideIines 

.:. Triage should begin as part of the initial scene assess­
ment. 

• :. One of the setùor responding NRT persOlUlel should be in 
charge of the natural resource response and establish 
and remail1 in contact with the incident conunander . 

• :. A safety perimeter must be established. 
.:. Personal protective equipment shollid be utilized as ap­

propriate. 
.:. Hazardous substance isolation tec!uùques and equipment 

should be utilized as appropria te. 
.:. Ail providers and bystanders shollid be protected from 

enviromnental hazards as appropria te . 
• :. An estimate of the nlUllber and type of natllral resollfce 

ituuries should be perfonlled. 
.:. This infonnation must be forwarded to the incident 

conunand center . 
• :. The designated CROC should be infonned of Uùs infor­

mation as weil. 
.:. Notify potential receiving marine animal care tàcilities of 

1111mbers and estimated severi!)' ofthe injured organ­
isms' condition(s). 

.:. Cali for additional assistance if required. 
• :. Initiate Coral Reef CSI protocol, if the sitltation 1l1eets Ule 

local or regionally established criteria . 
• :. The totalnumber of natural resource injmies shollid be 

assessed iUld reassessed regularly. 
.:. The decision to conduct lllilllediate natural resource 

e1l1ergency resloration depends on 
- Distribution of nalmal resource uuuries at the site. 
- Scene assessmentlsalèty. 
- Available resollrces. . 

.:. E1l1ergency restoration should occur for Red PriOli!)1 
111l unes. 

.:. If resources do not pennit for Ulis then itùtial treatment 
and stabilizalion must be perfol111ed to 1l1ulÎmize addi­
lional damage Ul place in Ule field. 

.:. Primaf)1 survey on ail uljuries. 

.:. Rapid ecological assessment of ail UljUry siles and adja-
cent reference sites. 

.:. Tag and document ail substrate uljuries . 
• :. If necessary, set-up a trealment area for injured wildlilè. 
.:. After uùtial triage designate substrate and wildlife inju-

ries ullo smaller more workable groups by categor)'. 
.:. Conducl a secondary assessment on ail injured natmal 

resources . 
• :. Correct other llmnediate habitat threatenlllg conditions if 

resources pemlit. 
.:. In a large-scale uljury sitltation, prolonged effort in as­

sessing and treatillg natural resource uljuries Ul Ule low/ 
lowest priority category is inappropriate if it delays Ule 
asseSS1l1ent and treatment of the remaining natural re­
somce lllJuries. 

.:. Tllis delay may result in UlUlecessary habitat deterioration 
or wildlilè death that might oUlerwise have been saved 
through basic ulterventions. 

.:. As additional resomces become available, low priori!)1 
uuuries should be reassessed and treated if appropria te. 

.:. Treat and restore natural resource ulj uries as uldicated by 
priOri!)l, equip1l1ent, and provider availabili!)l. 

Note: 

Initial triage must be conducted rapidly and care­
ftùlr ensur ing no natmal reSOlU'ce iI~uries are 
missed . 

O ne person (the C ROC) must aSSWlle control to 
o\'ersee assessments, delegate equipmen t and 
resow'ces, and coorclinate interaction with the 
incident commando 

This person mllst rem ai n in c1u u'ge until relieved 
br a suit ably qualified individual. 

The incident c0l111mmd personnel or the NRT 
authority in charge sholùd rem ain at the scene to 
direct adclit iomù w1Îts. 

C0l11111Ul1Îcations with the incident comm and 
facilities, other NRT unit s, rescue and saret)' pel'­
sOlmel, and o thel' responcling agencies is para­
moun t to the successflù management of the inci­
dent iU1d it s response . 

If resources are limited, iqjuries triaged into the 
Lowest Priori ty (black) categor)' ma)' be significantl)' 
delayed to enable available resources to be focused on 
"salvageable" injuri es and especially those with the 
greatest ecological functions at ri sk. 

INITIAL RESPONSE PERIlVIETERS 
Arter receiving information about a coral reef in jury 
and initiating response elements, a number of key 
issues will need to be addressed, depending on the 
cause of the in jury and the availability of funclin g: 
The initial response personnel will need to ensure 
safety of the public, restrict natural resource damage, 
identify the R esponsible Party (RP), take enforcement 
action against the RP, collect evidence, obtain any 
necessary authorizations for emergenc)' restoration 
activities, carry out initial response activities, and 
c1evelop and implement a restoration / mitigation plan. 

Problems m ay arise 'l'vith these issues as a result of 
overlapping NRT and/ or public safety jurisdictions. As 
such, it is important in those ir~jury events where leS is 
not used, to identif)' clearly for ail involved the primary 
NRT agency with enforcem ent authority who will take 
enforcement action , issue authorizations, and, if 
applicabl e, fund the requirecl assessment and 
emergency restoration activities. 
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Pop Quiz: Initial Site Hazards 

Site/Incident Response Concerns 

D Fuel spill 

D Fuel Tanks 

D Solvents Onboard 

o Lubricants 

o Sewage 

o Disease 

D Hidden Fuel Tank o Dispersents o Corpses 

D Refridgerents o Clea.ning Chemicals o Currents 

D Anchor Chain o Rotting Food o Depth 

D Fishing GeaI' o Scientific Gea ... o Weather 
The first NRT personnel to arrive at a injury 
scene will have to quickly evaluate the impact site 
for potential hazards to response personnel and 
to nearby natural resources. If you were the firs t 
on scene and observed the vessel above, in murky 
water and partially submerged atop a reef flat as 
shown - how many of the following would be of 
concern in this case? 

D Fishing Line o Scientific Chernicals o Rope 

D Rotting Fish o Marine Life o Mmutions 

D Broken Glass o Sharp Metal o Drugs 

I NITIAL E NFORCEIVIENT AND 

RESPONSE .<L\CTIONS 

The leac! NRT with en forcem ent responsibility will 
need to establish the following regarding the iruury 
scene and initiate the following actions which can 
occur concurrently with the activation and deployment 
of a Coral Reef CSI team to assess the iruury and, 
where appropriate, to work with the lead NRT to assist 
in assessing the following (Modified arter guidelines originally 
developed by the FIOlida Department of Envi ronmental 
Protection, 2007). 

1. Identification of the Cause of Injury 

The lead NRT often is the final determinant in 
iden ti fying the cause of the in jury; which itself is 
critical to the team 's assessment process. Direct 
observati on of th e incident is the most 
straigh tforward meth od of deten n ining the cause of 
injury. As a result , NRT<; must rem ain alert in 
natural resource monitoring, especially in areas 
where coral reef iruuries have occurred in the past. 
The general public also can and should be 
encouraged to report incidents when observed. 

For unobserved events, m any human-caused 
ÎJ"Uuries generally leave distinct scars or other signs 
indicating the cause of the injury. Such ÎJ"Uuries are 
usually finite in area with distin ct boundaries, 
ch aracterized by straight lines or a specific 
directionality, distinctive grooves or markings, and 
bottom paint, debris, and / or significant localized 
structural injury. Compare this with storm i1"Uury, 
whi ch is usually widespread across the affected area. 

2. Identification of the Responsible Party (RP) 

T here are p.·vo basic types of RPs: those who are 
known and those who are discovered. Known 
RPs are those wh o have either reported an incident 
themselves, or who were witnessed in th e act of 
il"Uuring the reef resources and were reported to the 
NRT 

Discovered RPs are those whose identi ty is 
unknown at the time the initi al ÎJ"Uury report is 
received , but even tually becom es known th rough 
the investigative and forensic processes. Often a RP 
is suspected prior to being form ally identified; 
under such circumstances the RP is referred to as a 
Potential Res ponsible Party (PRP). Injury 
events where the RP rem ains unkn own are often 
referrecl to as orphan sites. 
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3. Vessel Salvage 

For injury events where a vessel (or other large, 
man-made object) is involved in a reef injury and 
is sunken or lodged, a government public safety 
organization is often the lead agency providing 
support for salvage operations (in the U.S. this is 
usually handled by the US Coast Cuard). Salvage 
operations frequently result in additional (and 
sometimes extensive) damage to coral reef 
resources. These injuries often occur in the area 
immediately surrounding the grounded object but 
can be minimized ,vith the use of salvage 
techniques developed to prevent ir~jury to reef 
resources and through careful review prior to 
salvage by the NRTs. The principal causes of 
collateral injuries are dragging objects off the reef 
instead of floating them off; the use of steel tmving 
cables that can drop on or drag across the 
substrate, impacting and dislodging resources (reef 
structure, corals, and sponges); the inappropriate 
lightering (lightering is defined as the process 
involving ship-to-ship transfer of oil, fuel, or loose 
cargo) of material off of the grounded vessel 
resulting in release to the environment; the 
anchoring of salvage equipment; and propwash 
and surge, generated by tugboat propellers, that 
displace sediment and dislodge organisms. 

To avoid or minimize such collateral injuries, a 
reconnaissance survey should be conducted while 
the vessel is grounded to evaluate reef resources in 
the immediate area surrounding the vessel and 
determine an appropriate extraction route. 

Other mechanisms to minimize response damage 
include proper lightering of fuels and other cargo, 
floating or use of buoyed towlines instead of steel 
cables, and tmving activities should be conducted 
at or near high tide to facilitate floating the vessel. 
Before and during the extraction, global 
positioning system (CPS) coordinates at the bow 
and stern of the vessel should be recorded to assist 
,vith future in jury assessment. CPS tracking 
should be operating on the grounded vessel during 
egress from the site and on all salvage vessels or 
tugboats involved with the salvage operation. The 
outbound path for vessel extraction may also need 
to be buoyed, to help avoid or identifY injuries that 
may occu!' during the salvage operation. 

4. EnforceInent Action 

Enforcement actions are the foundation for legal 
cases involving human-caused reef injuries. The 
issuance of a noncompliance lettel~ warning lettel~ 
or Notice of Violation (NOV) to an RP establishes 
the connection between the RP, the violation 
committed, and the NRT (usually a government 
agency). The issuance of such a notice also 
establishes the NRT's intent to pursue legal avenues 
for the restoration and/or mitigation of lost 
resources and ecological functions, the recuperation 
of costs associated with the investigation, and the 
possible imposition of penalties against the RP. In 
extreme cases of violations, enforcement action 
may involve seizure of the vessel or object causing 
the injury and/ or arrest of the RP. Seizure of 
items or evidence, and powers of arrest should only 
be used by individuals properly trained in natural 
resource enforcement and through NRT agencies 
properly authorized by law. 

5. Evidence Collection 

The timely collection of evidence and the 
subsequent chain of custody are critical 
components to building a solid case if an RP is 
uncooperative, if criminal charges are levied against 
the RP, or if there are disputes regarding the need 
fOl~ or the extent of, compensatory restoration/ 
mitigation. The NRTs seeking restitution must 
make a solid case that can only be built through 
proper Evidence Collection Processes. Proper 
evidence collection for reef injuries caused by 
anthropogenic activities consists of 

(1) Knowledge of the types of evidence 
necessary to build a solid case; 

(2) the use of divers who have been trained in 
accredited standards for the collection and 
maintenance of evidence; and 

(3) the use of divers who operate ,vith 
appropriate safety standards. 

The Coral Reef CSI team, ,vith its multi­
disciplinary and multi-agency approach, including 
direct interaction with both enforcement and 
prosecutorial agencies, is well-suited for this role 
(Modified artel' Florida DEp, 2007). 
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SITE SECURITY ISSUES 
For large field investigations, on-going response 
activities, natural resource iruury events involving loss 
of human life, or iruury events which pose a risk to 
public safety, one might need ta have multiple zones of 
security surrounding an injured area. 

• Zone 1: This zone surrounds the impact 
perimeter (and may also encompass ail of the 
event perimeter). Obviously, this zone will 
expand and contract as conditions change and is 
designed to move with the operation. 
Enforcement or Public Safety personnel provide 
security (which often entails th e use of vessels 
and public noti ces). Access is monitored. Only 
operation al personnel are allowecl vvithin this 
zone; media, non-NRT / other agencies not 
allowed within Zone 1. 

• Zone 2: This zone often serves as an equipment 
staging area, an area for support personnel 
(response, clean-up, medical) , briefings, and a 
mobile command center. Access is monitored. 
rvleclia and non-NRT / other agencies allowed in 
for limited periods under escort, and with 
permission of Incident Commandel~ 

• Zone 3: Area nearby where the media can 
operate or family members can gather if rescue 
or recovery operations are involvecl. 

DECONTAJ\HNATION ISSUES 
In many impact investigations involving oil spi Il s, 
sewage, sedimentation events, and other chemical or 
pollution release incidents (and to a lesser ex tent 
incidents involving fi sh kills or iruured wildlife) it will 
be important for ail divers to go through a 
decontaminat ion procedure after exiting the water. In 
some cases this ma)' not be possible aboard the dive 
platform and will need to be accomplished as soon as 
the team gets to shore. In any case, efforts should be 
made to immediately wash down divers in their gear 
with clean seawater or freshwate l~ then scrub down 

Decontamination Gear For 

Injury Investigations 

The following represents basic decontamination gear 
for clive platforms which can be used by surface support 
personnel to help decontaminate divers. 

• Salh.vater (or fi-eshwater) rinse capability: hose and 
sprayer or buckets. 

• Ear drops, disinfectant wipes. 

• Freshwater scrub-down wash (antibacterial soap and 
light chlorine solution) and scrub brushes. 

divers with a antibacterial chlorine wash and rinse 
again (Note: that this phase was should not be done 
near any natural areas where wash runoff (grey water) 
could introduce chlorine into contact with sensitive 
marine life). Ali dive gear should be removed 
(including suits) and placed into storage bins or bags 
(example; large, heav)'weight plastic trash bags) where 
the)' can be 
further 
soaked prior 
to being 
rinsed again 
and dried 
out. 

After ail 
divers have 
been 
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clecontaminated, the surface technician (or others) who 
were decontaminating the divers need to be SLlf1îJ1lCLly 

clecon taminatecl themselves. The fir st NRTs at the scene nced to assess sa fet)' 

issues and the scal e of the incident relative to 

geography, habitat s and time. In addition, a 

v~U"i e ty of delails regarding th e injllfY, cause and 

potentia l RP should be re!ayed 10 the responcling 

N RT and public sa fet)' agencies. If the incident IS 

of large scale or meets regional criteria, the 

Incident Command S)'s tem (ICS) should be 

activatecl and control a Il response acti, 'iti es . Once 

again. if the incident is of large scale. arfec ts a 

",ide vari e t)' of reSO LU'ces, or m erts regional 

criteria, ecological tria ge should be emplo)'ecl by 

th e appropriate N RTs. 

Note: ln waters where there is clear 
evidence of pollution or chemical 
hazarcl, the team shoulcl use chemical 
dry suits, full face masks, and will 

neee! prior special training. If this is 
not available, the in-water investigation 
will need to wait until water conditions 
are clean enough to clive in. 

~I-----'-, 

PriorTo 
RClUovul of Impu~1 

10 & 2° Impact UUlllugc 

10 Re$i ponst! Damage 10 & 2° Responf:e Damage 

NR'I's sho uld encleavor to assisL. where 

appropri(lt e, enfû rcement actions resulting from 
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Jnitial Seatch fot Cvidence At t<isk 

ConducÛng successful sem'cltes ullderwater 
requires well-trained personnel, excellent swjace 
support, and afocus on temn safety. 

WHAT Is EVIDENCE AT RrSK? 

In man)' cases, fi eld activities are conducted under 
conditions where specifie items, victims, or injuries 
need to be determined through one or more 

• Evidence at Risk • Grid Search 

• Sweep Search • Triangulation 

dedicated searches. This is extremely time-sensitive as 
underwater certain materials often weather or are bio­
erodecl at fast rates, and habitats are in a constant state 
of change due to factors such as currents, tides, waves, 
surge, marine organisms, and impacts b)' other user 
groups. Spi lied materi als, organic materials, dead 
material (and bodies) will ail quickly change 
underwater with conditions as li sted above. Injured 
organ isms will often leave the area or be consumed by 
predators. D amaged substrate will change as loose 
sediment and rubble are moved by surge or currents, 
and exposed substrate or damaged sessile organisms 
are overgrown by colonizing species. The result is a 
strong need for a well-conducted initial search early in 
the investigation and shortly after the ir~jury event 
itse lr. 

ORGANIZING A SEARCH 

Ali available intelligence shoulcl be anal)'zed to narrow 
the search area prior to initi at ion. Se arch teams need 
to be experienced, having practiced the se arch type 
being usecl previously prior to going into the field . 
Prior to initiating the search, ail personnel should go 
through a clr)'-rLU1 on land (or boat) and discuss 
contingency plans for various scenarios that might be 
encountered. Rand signaIs, documentation, and 
emergency procedures should ail be discussed and 
agreed to by ail parties involved prior to initiation. 

Note: Conclllcting searches lInclenvater 
requires advance training and coordination 
which few divers possess. Efforts should be 
macle to use trained divers onl)'. 

• Renwtely Operated Vehicle 

(ROV) 

• Strip Search • Diver Propulsion Vehicle (DPV) 
• Circle BOa"l"d 
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RrSK MAl'JAGE?vIENT DURING A SEARCH 

Conducting an underwater search is very different from most types of assessment dives in that the activities are 
often done uncler poor visibility conditions and often the areas to be searched are extensive. For most searches it is 
important to have enough trained personn el and/ or enough time to cover a search area completely and in a 
methodical manner. The limitations of SCUBA diving should be used to pre-plan ALL search components; it is 
recommended that se arch dives involving free-swimming divers be limited to around 20 IllÎnutes based on vvork 
load and stress levels (breathing effects) affecting most divers working in relatively shallow water reef 
environnlen ts. 

Estimated Duration of a 80 cu. ft Aluminum Cylinder (Assumes 0.25 cu. ft/min) 

Surface o l.0 256 91 58 42 29 

10 33 2.0 128 45 29 21 14 

20 66 3.0 64 30 19 14 9 

30 99 4.0 51 22 14 10 7 

Consider that work loads, stress, cold and the ability of the diver to stay focused over time alliend towards 
minimizing individual cliver bottom times. Aclcl to this the realization tbat the slm,ver rate of search is often more 
productive andless prone to missing the search object. 

If the divers are going to be doing a bottom search or are conclucting a search under low visibility or degraded 
water guality conditions, divers should be wearing protective gloves (taped to the wetsuit if possible). Under such 
conditions, each diver should have a small seconda!)! air source (i.e. Pony Bottle). 

SURFACE ASPECTS TO A SEARCH 

In today's worlcl of GPS, it might seem out of place to try and pin-point locations for se3lThes the old-fashioned 
way, but if you only have one shot at an iruury site and somehow your GPS isn't working correctly, wasn't 
calibrated properly, or )'our batteries die and )'ou lose ail your storedlocations, using triangulation as a back-up 
makes a lot of sense and takes only a short amount of time to accomplish. Triangulation is the use of line-of­
sight on three fixed points which ail intersect at the spot which is your starting point. 

A 
••• 

• • • • • • • • • • • •• • • • • • • . • • • 
•••• + C 
~ ......................................... . 
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Obviously, if one has a GPS you should 
ALSO record the latitude and longitude after 
you've calibrated the unit. Keep in mind that 
)'ou might need to return to exact site of your 
search if field conditions worsen , you need 
more time, or to conduct other aspects of the 
investigation . 
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ORGA1\flZING A SEARCH 

Ali available intelligence should be analyzed to narrow the seat"Ch area prior to initiation. Search teams need to be 
experi enced, having practiced the search type to be used previously before going into the fi eld . Prior to initiating 
the search, ail personnel should go through a clry-run on land (or boat) and discuss continge ncy plans for various 
scenarios that might be encountered. H and signaIs, docLUllentation, and emergency procedures should ail be 
discussed and agreed to by ail parties involved prior to initi ation. 

V ARIOUS OPTIONS FOR CONDUCTING UNDER\tVATER SEARCHES 

' '''h en conducting seat"Ch operations on the ocean, prime consideration needs to be given for the safety of the 
in-water search te am and the efficiency of the seat"Ch method relative to the means, equipment and personnel 
availab le. "Vhen confronted with a large scale disturbance, initial effort s should be macle to seat"Ch the gr eater 
area from high elevation (h e li copte l~ airplane, etc.) using visu al (or hyperspectral) imagery if avail able. 
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From the air, large scale search item s can be cli scerned if 
d e pth and water darity a re not an issue. Aerial surveys 
provide for searching eÀ'trem ely large areas (tens of 
kilometers). 

Once the search moves to in-water activities, 
a vari e!)' of options are available ranging 
from a Remotely-Operatecl Vehicle (ROV) to 
the use of dive rs and snorkelers swimming vi a 
Diver Propulsion Vehicles (DPV), tmvboarcls, 
or on their own power. 

In order to maximize best use of limitecl time, 
personnel, ancl equipment , along wi th 
providing for a documentable investigative 
approach , stanclard ized search methods are 
utilized regarclless of wh ether the search is 
being conductecl b)' snorkeler or cliver, 
swimming un assisted or with aicl of DPV or 
towboard . 

(1) 

CJ 
(1) 

------------------------------------------~ ~ 

There are a variety of search techniques that can 
be used in-water for finding physical evidence 
under a variety of environmental conditions ~ In 
each case, specializecl training and support is 
needecl in orcier to safely concluct these activi ties; 
many of them require both specializecl motorizecl 
equipment and specific safet)' gear. 

Remotely Operated Vehides (ROVs) offer the abilit y to sarely 
explore deep habitat s repetitively. Initial costs are very expen­
sive, th ough non-powered 'D rop Cameras' which can be slowly 
towed behind a boat m ay olTer a lower-cost alternative. Both 
have limit ations in regards to evidence retrieval. 

Towboards can be used 
with bo th snorkelers and 
divers who, along with 
the boat operators, have 
undergone extensive 
training Towboards 
o lTer a means to cover 
la rge a reas in limited 
amolU1t s of time and 
can be ri gged to both 
record relative position 
through G PS and 
document the scene 
with video orientated 
forwarcl or downward. 

1 lVIodified arter Becket; 2006. Most of these are Illodified artel' established techniques developed for single divers operating under public 
safet)' diving conditions and parameters. 
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S\VEEP SEARCHES 

Sweep searches usually involve a single cliver attachecl to a tether which is tencled 
from shore by a tender operatOl~ Both the tender ancl cliver need to have 
unclergone specific profession al training in this technique. It works best 
immedi ately acUacent to a shoreline or structure. The cliver is attachecl to a strong 
polypropylene line, starting from th e shore and working outwarcl in ever­
broaclening arcs. This m ethod has the aclvantage of being usable uncler zero­
visibili ty conditions with proper trainin g: 

STRIP SEARCHES 

One of the more common t'orms of searches conductecl within coral reef habitats is the strip search. Team 
members use a pre-detennined start point and compass heading and swim a pre-determinecl distance (either using 
fixed points, timecl swims, or surface communication associated with a surface float). Divers swim side-by-side, 
with each diver searching off to the sicle (perpenclicular) of the swimming clirection. "Vhen they reach the end of 

one strip, they move to the next parallel strip and continue 
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in the opposite direction. This is repeated until the seal"ch 
obj ect is found, they reach the end of a predetermined 
di stance or the limits of th eir dive time or safety 
conditi ons. If an obj ect is found (or they need to stop the 
search for other reasons), they should pop a numbered 
fl oat to get a OPS position on. 
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The most efficient way of del ineating a large area to 
determine the impact perimeter is to use a modification of 
th e Strip Sem"ch technique, whereby the ove rail area is 
searched starting at a point known to be outside of the 
impact area and moving in a set direction for a defin ed 
distance, marking each time one meets a impact edge. At 
th e end of the prescribed distance, the team moves 
perpendicular to the first search transect and repeats in the 
return direction. At any point where the divers encounter 
the eclge of a damaged area they release a numbered pop 
float that is used by a surface tender to take a OPS off of 
(as shawn 0/1 the right). Divers and surface tenders both log 
the numbers associated with the floats; divers will produce 
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Note: It is critical to have a surface tender 
monitoring the se arch divers at ail times. How 
this is accomplished will depend on the type of 
search and the type of equipment being used. 

Search Pattern Technique for 
Impact Perimeter OGPS Point 

• 

• 
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a damage area sketch with numbers for each Aoat location , while the surface tender will associate each number 
with a GPS location. 

GIUD SEARCHES 
Grid searches can be done easily at two scales: for small 
items one can use the quadrat employed for the REA 
dives; while for large are as, one can use underwater 
transe ct reels, measuring tapes, or dive reels, along with 
some mechanism for securing the lines to the bottom and 
keeping them relatively straight. 

For small items, lay the quadrat clown atop the area to be 
searched and slowly start at one square of the quadrat 
(upper left for example). Carefully feel ail areas vvithin the 

cific Gear for 

• Binoculars. 

• Camera with Zoom. 

• GPS. 

• Notebook attached to 
leg so can write sit­
ting down. 

Surface Vessel: 

• Same as above; sub­
stitute waterproof 
notebook. 

CIRCLE BOARD 

ctivities 
Towboard: 

• Communications. 

• Pop-float or Safely 
Sausage. 

• Attached Camera. 

• Same as above. 

• Surface float with 
GPS. 

SCUBA Swim: 

• Same as above. 

• Underwater notebook. 

One of the easiest and most accurate ways of searching 
a limited area is to establish an anchor point with either 
a heavy object or by drivin g a stake or rod into the 
substrate. In either case, the anchor point needs to have 
either a swivel or eyelet on the free-end, to which is 
attached a knotted rope wi th knots placed every 1/4· or 
1/2 meter. The submerged anchor point can be 
documented through the release of a numbered surface 
Aoat that the surface support personnel will GPS. A 
second numberecl surface Aoat can be releasecl at the 
exact site where the se31Th obj ect is discovered. 
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bounded square for th e object, th en move 
horizontally to the next sq uare and repeat. Once ail 
the squares in the top row have been searched, repeat 
for the next rovv down , and so -on until ail squares in 
the quadrat have been searched. At that point move 
the quaclrat to the next search site and begin again. 

For larger areas you will need multiple divers to lay 
down straight line transects along compass headings 
to fonn a large gricl temporarily affixecl to the 
bottom. The lin es shoulcl cross at set intervals and 
create the equivalent of a large quaclrat on the ocean 
bottom. 
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A Few Final Words About Searches: 

Because searches are one 
of the few investigative 
activities that often 
require divers to move 
over braad areas, they 
pose the greatest risk of 
separating the dive team 
from the surface support. 
Streams of bubbles and 
surface snorkelers can 
work to identify 
submerged divers 
locations in relativel)' 
calm, clear conditions, but 
often this is not the case. 
One suggestion is to use 
two surface support floats; 
the first is anchored to th e 
start point of the search, 
the second moves with 
divers. This method has 
th e advantage of 
praviding a surface fl oat 
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The search diver will begin at the knot closest to the 
anchor point and stick a pole into the substrate or place a 
heavy object onto the bottom at the stretched point of 
the knotted rape where the first knot is relative to the 
bottol11 substrate. The diver will th en begin to swil11 in a 
clockwise direction , holding onto the first knot with his/ 
her left hand. This "viII result in the diver slowly 
swil11ming in a 360 degree arc and en ding up back at the 
pole or heavy object that was placed on the bottom. 
During this time the diver uses his/her right hand to 
continuously sweep inward towards the anchor point 
until he/she encounters the search object. Once a 
complete arc is achieved the diver slides his left hand 
down to the next outward knot, moves to pole or heavy 
object to directly beneath the stretched rope's second 
knot, and repeats the operation. This continues until the 
diver has reached the free end of the rape or the object is 
found. 

Surface View 

for attachment of a GPS (or other gear) to document the search locations and tracks, and praviding a support for 
the divers to conduct their safety stop or await pick-up if conditions (cllITent, etc. ) worsen. 
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Line Tender/Diver Hand Tug ignals 

In situations of low visibility where a surface tender is 
controlling th e movements of cliver using a rope tether, 
the following h and tug sign aIs between diver and !ine 
tender may be useful (once again , noting the need for 
specialized training in this type of diving). 

Line Tender to Diver: 

1 Tug: ''Are you ok?" 

2 Tugs: "Stop. Change direction. Take out hne." 

3 Tugs: "Come to surface." 

4 Tugs: "Stop. D anger." 

Diver to Line Tender: 

1 Tug: "OK." 

2 Tugs: "Need more !ine." 

3 Tugs: "Have located object." 

4 Tugs: "Need help. ' 

Diver to Diver (requires hand to arm contact): 

1 Tug: "OK. " 

2 Tugs: "Pattern completed." 

3 Tugs: "Object found." 

4 Tugs: "H elp" or "Need Assistance". 
Modified aftel': Professional Association of Diving 
Instructors, Underwater Investigator, Handaut No. 12 

TI~m 

Prior To Removal 
RCllloval of Impat:t ll f Impad 

1 0 Re~pon!'>e Drllllllge 1 Q & 2° Re~pol1 f;t: Damage 

Another critical aspect is the need to constantly practice 
coordinated search techni ques both on land (above) and 
under controlled conditions underwater(below). Practice 
sessions should include direct monitorin g of activities 
(note divemasters directly monitoring seaIThing divers) 
and simulated difficulties such as low visibihty (note 
taped masks) and unclerwater obstacles (having to cut 

Dave Gulka 

through simulatecl 
seaweed to reach 
a search object). 

10 Remo\'a l [ ~Imnge JO & 2° Remo\'a l Damage 

~~~~!!!!!I 

This Module over laps 
with these stages during 
an impact event and the 
investigation. 

Rcg:mling ~·Ion i tor 

Removal 
Operation:.. 

Impacl 
Evenl 
Response 
Phases 

~--~~~~~.~~~~ 

Nalural 
Resource 
Resloralion 
Phases 

Pre-Asse.ssment 
AC liviti6 
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Co!!ection of Cvidence Unde'lwate'l 

The l1'tarine envù'01unent, giveu its tt111:que 
"lU11'tan physiological constnliuts, 
oceauographic pl'ocesses and ecological 
interactions, poses unique challenges fO'r an 
ùlVestigator seekillg to collect evidence at an 
1.'tI}Ury scene. 

In general th e concerns regarding collection of 
evidence underwater is similar to those concerns 
expressed regarding proper sampling techniques: 

1. Follows a standardized collection / sampling 
protocol. 

2. Full)' document presence at site, collecti on, 
and transport/ hancUing: 

3. Processing of material follows proper and 
documentedlaboratory methods. 

4. Proper interpretation of data/ results. 

5. Lack of "conftict-of-interest" on the part of 
the people collecting/transporting/ analyzing 
evidence or samples. 

One of the most critical features to the collection of 
evidence, sampI es, and possibly data, is followin g a 
standardized "chain-of-custody" procedure. 

UNDER.\tVATER EVIDENCE 101 
If we think of a coral reef ir~jury site as a crime scene, 
th en there will be physical and other materials at the 
site that can assist in either identifying a potential RP 
or firmly connecting a potential RP to the ir~jury itself. 
As such, the types of evidence that one might consider 
collecting undenvater can be broken dovvn into the 
following categories (depending upon the type and 
cause of irtiury): 

Spilled Oil (hydrocarbons) 

Chernical Waste (industrial) 

Sewage (enteric bacteria) 

Fertilizers (organophosphates) 

Heavy Metals (depleteduraniLUl1, etc) 

Itnpact Fragments (pain! chips, hull scrapes, 
anchor pieces, etc) 

'Stunning' Poisons (cyanide, bleach, etc) 

Affected Wild1ife (coral s, algae, invertebrates, 
fish , sea tlll"tles, sea birds, etc.) 

In general , the specifie materials that one collects 
underwater as evidence usually encompasses the 
following (once again , depencling upon the type and 
cause of in jury): 

Water (dissolved Oxygen , bacteria , chemicals, 
etc) 

Silt (chemicals, fertilizers, heav)' metals, etc) 

Freshly Broken Coral 

Dead Marine Organisllls (toxicology) 

Oil Clulllps and Salllples 01ydrocarbon 
signatures) 

Itnpact Fragments (paint chips, hull scrapes, 
anchor pieces, etc) 

Lost Tools (dive tools, masks, etc) 
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CLASS & INDI\'IDUAL 

CHARACTERI STICS 

Once evidence is collected, it usually needs to be 
analyzed at various levels through a process that 
main tains chain-of-custocly at ail times. At the 
broaclest level each evidence item can be analyzecl 
relative to its base characteri stics: 

• Class Characteristics: physical qualities 
shared by a group of Iike items. Examples of 
c1ass characteristi cs include th e chemical 
structure of a cyanicle molecule, the tread 

patterns on a brand of new athletic shoes, the 
species source of a blood sample, the make and 
model of a firearm, etc . 

• Individual Characteristics: physical 
qualities unique to an incliviclual evidence item. 
This would be something that no other item in 
its c1ass shares wi th it. Examples of individual 
characteristi cs inclucle a fingerprint pattern , a 
pattern of cuts and wear marks on the treacl 
patterns on a usecl pair of athletic shoes, the 

• Class Characteristics • Splitting 

• /ndividual Characteristics • Unknown Smnple 

• Chain-of-Custody • Suspected Source 
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DNA code for a 
blood sam pIe, the 
striation marks on 
a fired bullet, the 
pattern of ejectOl~ 
extractor, breech 
and firing-pin 
marks on a fired 
cartridge . 

• Control 

• Match 

• N01unatch 


