D. Gulko

CLASSIFYING FIsH By HOW
v MOBILE THEY ARE,..
Fish species can be categorized into site fidelity

groups (mobility classes) based on Friedlander &
Parrish (1998). The mobility classes are:

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

S1 - Species with daily movements on the
order of tens of meters; may hold large
territories or large home ranges.

§2 - Species that have daily movements on
the scale of thousands of meters,

T - Species that move over great distances.
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Gear:
» 25 m Transect
Cord Reels (2)
s Surlnce Safety
Flouts (2)
* Daea Slate
* Fish Data Sheets
* Evidence Bigs
=2 Pelican-type
Surface Floats
* Flagging Tape
» Underwaler
Camera

Fish densities are calculated using appropriate area
estimates {e.g. 100 m? for fish greater than 20 cm; 50
m? for fish less than 20 em). Fish numbers can be
transformed into densities per hectare, with lengths
used to calculate biomass using published length to
weight conversions.
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Surface Safety Floats are a critical piece of safety
gear for submerged divers used to identify their
location and serve as an emergency support platform
upon surfacing. In an REA, the float also holds a
working GPS and is used to time various aspects of
the RIEA for both the surface support teaum and the
benthic team.

The Fish REA Team deploys both surlace safety
floats. The st Aoat is immediately anchored to the
bottom at the beginning of the first 25 m transect line.
The second float is carried by one member of the fish
team (by way ol a reel and line; until the fish team
completes the first transect and begins to set the
second 25 m transect. The second float is anchored at
the beginning of the 2nd 25 m transect.

Larger, mobile fish Cryptic and small
are cownted on the fish are detected
deployment or swim- on each “swim-
out leg of the fish back” leg of the
ransect {above). fish transect (right).
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BENTHIC

THE REA BENTHIC TEAM
The benthic team is compaosed of three 10 four divers:

An Algal Ecologist or Algal

Specialist. Focus on
description of unique algal

subhabitats, algal biodiversity
and biomass, and descriptions of
ecological [unction.

Focus on description of unique
mvertcbrate-dominated
subhabitats, macroinvertebrate
biodiversity and biomass, density
of urchins, and descriptions of
ecological function.

or Two Coral

Ecologists or Coral
Specialists. Focus on
description of unique coral
species-dominated subhabitats,
coral biodiversity and biomass,
and descriptions of ecological

function.

Two 25 m transects are conducted per dive. Alter a
wait of 10 to 15 minmutes (using the position of the two

surface salety floats as a guide to when the fish teamn is
beginning the second transect), the benthic team
enters the water, descends the line for the first
anchored surface safety float, and begins taking data
on the first 23 i transect line previously laid by the
fish team. The delay by the the benthic team is
warranted in order o minimize disturbance of fish
populations being censused by the fish team. The
benthic team surveys the first 10 meters and last 10
meters of each 25 meter (ransect 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 [ollowed by the invertebrate
specialist who quickly censuses the density of wrehins
and the coral biologist who conducts a point intercepl
every half meter along the line to determine bottom
cover. On the return leg, each team member
conducts in-depth surveys in each of their specialties
as described on the following pages.
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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 line is marked with attached red flagging tape to
differentiate the two 10 m sub-sections used by the Benthic Team.

PHOTOGRAPHING THE
TRANSECT LINE

The transect line is photo-docuumented
prior to any disturbance by the benthic
team in order to provide a visual record of
what was surveyed, provide a back-up for
analysis of benthic cover and habitat/
subhabitat descriptions, and to document
the state ol the injury (or the control) at the
time of the surveys.

The first benthic team
diver on the transect

line following the Camera Documentation of the 25 m Transect Line
protocol below.

B _ ® ® ® ®
1otographs are la.ken @ O 5m ®
aong the ransectine. | O) | [|11][]]11111] OO

at 0.5 m above the

center of the line () Al the boltom of the surface safety float line, take a pholograph of the back While
. q ’ of your dive slate in order to white balance the camera. Balance

either honzontally or Card

vertically depending @ At the beginning of the lransect line, photograph the depth meter

upon geomorphology. egaihstinaihe.

This is accomplished ® Take a series of horizontal (habitat) photos in a 360 degree circle

by using a 0.5 m metal around the beginning of the lransect line.

pole and |)|a(‘.|ng the @ Using a 0.5 m stick, take a verlical pholograph with the camera cenlered

camera atop 1t as the over the transecl line at every half meter (i.e. every half meter

diver works along the and full meler mark) for len meters (flagging tape).

transect line taking (® At the end of ten meters, lake a series of horizontal
shots avery 0.3 m. Al {habitat) pholos in a 360 degree circle around the
the beginning of the L IRer I
dive, the ®@D®® skip 5 melers and repeal earlier
pholographer sleps for Znd 10 m transect.
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A quick shot of the photog-
rapher’s depth gauge/dive
computer at the beginning ol
each transect line documents

the depth in with the other
information.

photographs a data board with the site information on
it, andl 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
again. The photographer will know when he/she
reaches the end of 10 m by the presence of flagging
tape on the transect line. The photographer then
swims 5 m along the transect line to the next piece of
flagaing tape representing the beginning of the last 10
m of the wransect. The photographer once again
shoots 360 degrees and then photographs the transect
IIne (and out 0.5 m to either side) every 0.5 m. Al the
end of the transect line (where the empty spool is
anchored) the photographer shoots 360 degrees. This
process will also be repeated when the team works on
the second transect line. Upon surfacing, chain-of-
custody protocols are followed as outlined elsewhere
in this toolkit.

THE ALGAL COMPONENT OF
THE BENTHIC REA

During the benthic surveys, 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
band on either side of the transect line will be
surveyed and assessed. 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. Tor all subsequent encounters, the diver will
note on his/her data sheet that the alga was seen
again. Any and all rare or unknown species will be
collected. All samples collected in these surveys will
be deposited as voucher specimens with the resource
trustee leading the investigation. Macroalgal taxa will
be collected initially at each site and noted thereafier.
All specimens will be pressed and dried on-site by the
collecting diver; and a chain-of-custody form will
follow all samples per site. Where appropriate, turf
algae will be collected by chiseling small randomly
selected pieces of dead coral/limestone substrate from
the bottom that appear to support dense filamentous
algal growth. These samples will be stored in 4%
Iormalin in seawater until they can be sorted using a
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0.5 m2 Quadrat

LI —— The intersection point created

by the two lines is where you
identify exactly what lies
beneath (to species if

possible). And then identify
what lies underneath the other
points on the quadrat (20
fotal).

0.5m

&

0.5m
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microscope. Approximately 5 samyples will be
collected per transect line. Where appropriate,
crustose coralline algae (COA) will be collected by
chiseling or breaking oll' pieces of the benthos where
this alga is found. Samples of each species
encountered will be collected per site. Specimens of
CCA will either be dried or stored in 4% Formalin.

{dbove) Is dominance of a single species of seaweed a
natural subhabitat or an invasive species outbreak?

Estimates of abundance and percent cover of various
algal functional forms and dominant or keystone
species on transect lines will be accomplished through

use of a 0.5 m? quadrat, with 20 evenly-spaced points.

(Above) Certain seaweeds (such as this Zwnghpe sp.) can serve as
an indicator of disturhance, weeks 10 menths after an event.

Lelentification of algal or substrate type underneath
the 20 points will be done lor three fixed locations (0
m, 5 m & 10 m) along each 10 m segiment of each of
the two Iransects.

Algal Spesinlist
* LA m Qiadrat
15 m Measuring
Tape
a U/W Meter

Stick
* Diata Slate
T .‘\]g:ﬂ Duta Sheets

* E\'ill':lluu BI‘HS

2 Plﬂiunn-l.}'pu
Surlace Floats

' Algae Collection
Tool

* Flagging Tape

* Undermvater

COamera

THE

MACRO-INVERTEBRATT,
COMPONENT OF THE BENTHIC
REA

The invertelrate specialist samples invertebrates {both
benthic and eryptic) along both benthic transect lines.
A 0.5 meter band on either side of the transect line is
surveyved and assessed. The first time that the
imvertebrate 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. Tor all subsequent
encounters the diver will note
on his/her data sheet that the
invertelbrate was seen again.
Any and all unknown species
will e collected for later
iclentification and analysis
following appropriate chain-of-
custody protocols. Cryptic
species will be assessed through
collection of substrate pieces
and post-dive examination/
sorting of rubble.

INVERT Surface View

Subzurface View

Unusual densities of urchins or
other large macroinvertebrate
target species will be
documented as they occur
either along the (ransect line or adjacent to it. This
will be accomplished by enumerating five 0.25 m? S {5 N Aek Uking
quadrats Jor each 2 x 25 melter belt transect to Tape
determine the average percent cover. The reason » 03N gl
urchins are targeted specifically for a density study, is

Stick
* Data Slata

that they serve as a keystone herbivore on many reel s Tnverb Dara Shets
habitats and therefore represent an important * Evidence Bags
o] -y . * 2 Pelican-type
inclicator of overall reel condition. High SR EY
. n : . 4 Surfice Floats
concentrations could be indicative of a response (o I e b
damaged CCA substrate resulting in a chemical signal Tool 2
which has atracted and concentrated archins around d E'“b;?-'"g depe S
e F y * Underwater a
an injury site. Unusually low concentrations could be Chria g

Assessing Urchin Densities

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 m? quadrat.
Any portion of an urchin that falls within the 0.5
m2 guadrat is counted, and the totals used to
determine average densities.

i——— 3 urchins per 0.5 me.

B-61




Gulko et 7/ (2008) ICRI Coral Reef CSI Toolkit

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

‘THE GORAL COMPONENT OF
THE BENTHIC REA

The coral specialistis) census all colonies of corals
found within 0.5 meters on each sicle of the two 10 m
subsections of the 25 m transect line. The census

involves estimating the longest diameter and species of

each coral colony {or fragment] and recording the
coral’s assignment to one of eight long-diameter size
classes listed below:

Goral AnaE it
Eield Gears

* 15 m Measuring
Tape

» 0.5 /W Meter Stick

» Data Slate

* Coral Data Sheets
r Evidence Bags

2 Pt‘;]icf_ln-l.ypu Sur-
face IMoais

+ Goral Collectiun
Tool

* Flagging Tape

¢ Underwater Cam-

orn

These size classes and protocols are adapted originally
from Muncly (1996}, who used them in American
Samoa and Maragos (2003) who used them i the
Northwestern Hawaiian Islands. The current
technigue has been developed and used by a variety of
U.S. State and Federal coral reel biologists in Hawaii
as a standard for conducting REAs and njury
investigations (Gulko, 2006, Corals showing signs ol
disease, predation, abnormal growth, bleaching or
direct human impact are tallied, described,
photographed, and if necessary, collected. Loose
coral [ragments are also classed as above using a “f”
insteac of a tally mark. Colonies showing partial
mortality, observable fssion. or multiple incomplete
re-colonization of the colony, will be tallied into size

C e CORAL
DATA
CoDE S1ZE CLASS
2 0.1 emto 2 cm
5 > 2ecmtodem
10 >Demto 10em
20 > 10 em to 20 em
40 > 20 em 1o 40 em
80 > 40 cm to 80 cm
160 > 80 em to 160 em
+160 > 160 em
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classes based on total original colony size,
but with a flag as to either partial
mortality or fission (using a *s” mstead of
a tally mark;.

Double bar on the transect
line signifies a meter mark.

Single bar on the transecl
line signifies the hall meter
mark.

u—-f-‘—‘""ﬁ'

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

If available, two coral specialists are used
as this is the most time-consuming of the
REA activities. On each transect, the
coral divers work as a dive pair with one
diver responsible for the left side of all
iransects and the other responsible for
the right side. In this way, error between

survey divers is minimized relative to
overall data to the greatest extent possible,
and in a way that can be determined easier at

........... 2 he eircled corals in
this phato would have

: g : 4 sy at [+ classified by the

a later time. Each diver will mark whether B Uh I
they are “left” or “right” on each coral data P e
sheet. The two divers also lay down a 0 om
rugosity chain for each 10 m subtransect after 40 em
all other RIEA surveys have been 20 ¢m
accomplished {Note: if there is only one coral i
diver on the REA, then the rugosity

‘ T — aloeal Not ciassified

sure sfers ov : : -
measurement (ra?hijﬁtx over to thct algal and i
invertebrate specialists, or to the fish team to Uget s ftager

ne,

conduct after they have finished both of their
ransects).

To assist the coral specialists in accurately
sizing the colonies and to delineate the moving 0.5 m?
area on either side ol 10 m subsections of the transect
line that they will size the coral colonies within, we use
a standardized black and white meter stick (either
custom-macle or purchased {as a Archeological Meter
Stick) from Forestry Suppliers, Inc.; www.forestiry-

J, The meter
stick is broken down into two
independent 0.5 m segments
which can be used by different
members of the Benthic REA
tean. The 0.5 m stick can
have the camera attached to
one end with a “L.”-shaped
bracket to provide for exact
measurement for camera
placement 0.5 m above the
transect line when the algal
diver is recording the transect
line (alternatively, the camera
could be placed right on top of
the 0.5 meter stick). This

same 0.5 meter stick, with alternating 10 em black
and white bars, is used by all benthic divers to size
specimens and for scale in evidence and impact
photos. The coral diveris; will use the 0.5 meter stick
to specifically size colonies into the various size classes,

suppliers.co
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Unusual or unique coral formations {such as
extremely large, solitary massive Ponifes colonies) are
also documented Jollowing the subhabitat description
process detailed below, including release ol a
numbered Pelican-type surface float lor GPS data

collection.

Identilying corals to species
i the field under injury
conglitions requires
recognized expertise. One
could also classify corals into
functional groups {ofien
genera or families, or growth
formis) il a coral expert is
unavailable. If the person
doing the coral surveys is an
expert, size categories should
be for every colony identibed
to species within a half’
meter to each side of the
transect line for each 101m
segment assessed. I coral

Massive Coral
Large, three-
dimensional,
mound-like colo-
nies. Can be mulliple’

Montaslraea.
Brain Coral
Large, three-
dimensicnal,
rmound-like colo-

Encrusting
Coral

Two-dimensional colonies

expertise is not available, which grow flat atop the /-
wlentify each colony to substrate. '
growth form and place Cup Coral

within one of the eight size

classes
include Tubastraca.

and height. Can represent oId growlh
colehies. Examples include Porites,

nies with corregating ridges. Can
be multiple meters in width and
height. Examples include Favia.

Small sized clusters, large individual
polyps. Dark-adapted. Example

S

TAKING RUGOSITY
MEASUREMENTS

To determine the three-dimensional nature of a
surveyed area, one places a small-link chain of known
length (10 m} directly alongside the transect line for
each 10 m subsection. The chain will lay into the
grooves and slopes of the bottom while the transect
line will run over it. The vesult is that In an uneven
thighly rugose or three-climensional) habitat fi.e. a
coral reef), the 10 m ragosity chain will end short of
the 10 m mark on the transect line. The resulting
fraction (Relative length im}/Actual length (10 m}is a
representation of three-dimensionalness. As the
fraction approaches “1%, the habital is primarily flat
and [eatureless: as the fraction approaches “0”, the
habitat is highly three-cimensional.

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,

Coral Growth Forms

Branching
Coral
Three-
dimensional
coral colo-
nies of variable
sizes. Examples
include Pocilfopora.

Table Coral

Large, table-like three-
dimensional coral colonies.
Examples include Acropora.

Sea Whips

Two-dimensional, whip-shaped
gorgonians.

Sea Fans

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

At any time during the transect, il a benthic diver
spots a unique subhabitat adjacent to the transect line
but outside of the transect area of coverage, the diver
will attach a colored clip to the transect line to mark
the point of suspension, swim over to the unique
subhabitatl and record characteristics of the
subhabitat on the back of the data sheet along with
the number of the diver’s Pelican-style Aoat, which
will be released to rise to the surface where specific
GPS information will be recorded by surface support
personnel. Photo-documentation of the subhabitra
should be accomplished following the chgital
photography protocol. The benthic diver uses their
accessory 15 m metric tape reel to quickly get length
versus wiclth information for the unique subhabitat,

and! then returns the short distance to the transect ine
to resume the transect at the point where they had lefl
the clip.

Benthic organisms will not be collected except species
that 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 photographed, including the
extent of bleaching, discase, Acanthasier planci (or other)
predation, alien species competition, entanglement in
fishing gear, ship groundings (i’ any), anchor damage,
and evidence of over-fishing or destructive fishing

Habitat )

Surface View

Subsurface View

D il
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MEASURING ECOLOGICAL FUNCTION
{ >
/3’20(16 "..SCC[[@ Habitat Conduit

Hunctions of Cotal }?eef@

On a Jarge scale reel structures can serve a variety of
[unctions as relates to movement of water, larvae,
adlults, entire populations, etc. as shown below.

Source

Barrier Filter
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1980’s View

“*Wow, Look at all the fish!™ ;
1990°s View

S%gﬁ‘ing Baselines:

Our view of what a coral reef should represent in
terms of species assemblages, biodiversity, biomass,
even reef health, is shaped by our experience with
that reef. This has led (o a perceptional view of
whalt a specific reel should represent based entirely
upon when one first experiences that reel. This
changing view ol what a reel first looks like leads to
the concept of “Shifting Baselines” whereby

as a reef degrades, new decision-makers use "
5 ; = 2000’s View

the degraded state as the optimal to strive for .,
! A Wow, Look
in restoration or other management
P at all the
stralegies, L

3 fish!”
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gco/ogica/ Sunetion Over Space & Jime

e = Sometimes the type of reef
2 5 ltsefﬁ«mad to be discerned as
3 8 its natural replacement rate
T can range from decades to
¢ ¢ centuries.

€=—10,000 years

& 1,000 years

€ 100 years (Century)

dC€— 10 years (Decade)

MEASURING ECOLOGICAL FUNCT ION

€ 1 year (Annual)

LOG TIME
- years

€— 1 month
€ 1 day

One might also need

—— 1 hour

to consider various
geologic, oceano-
graphic and weather L
: s | _ ea Turtle
cvesoverboihine °1” fboodonoco |corarass ||
L g i 1 minute
the replacement of -6 - c? Butterflyfish©
ecological function - {O Sea Urchin©
withimnjiced aves. |7 T 7 T T T T T T T TT T T T T Replacement
-6 -4 -2 0 2 4 rates vary over
LOG SPACE time for various
- km
types of func-
Coral (O Oceanic Processes tions and life
_ history stages on
O Ecological Processes 2 coval et
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The Concept of Keystone Species
P Y P

A keystone species is a species that has a dis-
proportionate effect on its environment relative
to its abundance. Such an organism plays a
role in its ecosystem that is similar to the role of
a keystcne 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 productivity.

MEASURING ECOLOGICAL FUNCTION

. ? l.f Keystone V“t

SEA URCHINS AS KEYSTONE SPECIES

The long-spined sea urchin (Diadema antiliarum), a keystone
Caribbean coral reef species that suffered a mass mortality in
1983, and resulted in a dramatic shift in overall cover of coral
and algae on the reefs. The photo (edeve) taken before 1983,
shows Diadema on dead portions of a coral head grazing on
algae. Notice how the Diadenma have kept the dead surfaces of
this coral free of algae. That summer most of these urchins
died throughout the Claribbean. In the years after 1983,
without the browsing of these algae-eating urchins, dead coral
surfaces such as this became coated with mats of Heshy alga
which retarded the settlement of coral larvae, resulting in less
coral on these reefs over time.
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/4/_(}(1[ Dominance (f)na/emism

In areas with high impacts and various inputs Endemic {or
from shore, coral dominance will be displaced by unique)
different forms of algae as shown below. organisms are

only found in a

High Grazing limitecl area.

@ From an
i /—ﬁ Lw Grazing €CO]0gi(‘a]

perspective, 2

Increasing Human Impact ——# there is no 0
i o
replacement a

Low
Nutrients

pool for these

5o organisms.

Corals Turf Algac

vl . “ , 13 Protected S)pecies

Corallinge
Algac Leaty Scaweeds

Z
O
O
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=

Species that are fully protected by law or statute
\ Y1 Y

ATk Lajioee ot ol 1597

may be impacted ecologically by an injury event

through loss of foraging or prey habitat, loss of

7 A o & . 1 . . p, .
Key features that affect this process include the resting habitat, loss of mating habitat,

number and type of herbivores, and the sources intecruption of cleaning interactions, disease,
and types of nutrients, balanced against the increased predation, harassment, interaction with
diversity {types)and biomass of seaweed. human activities.
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V. ’zopkic 5(:0[0%

Most coral reef animals are part
of more than one food chain and
eat more than one kind of food in
order 10 mect their food and
encrgy requirements. These
interconnected predator-prey
relationships form a complex food
web (ehove right, note that the

arrows go from prey to preclator).

\\I\

. Goalllsh Trigyerish
Trilon's Trumpel

Snail ‘\\
. Maring
Butlerllylish -

{orms Damseifish
Parrollish ™ Sea Urchin

Hawkshill
Sea Turlle

Angeliish

!

coT

Green Sea Turlla

Sponges Surgeaulish
Zooplankton ‘I
Corals COA Phytoplankion Seawged Seagrass

A SIMPLIFIED CORAL REEF FOOD WEB

Energy Source

Invert Feeders

LERCL T e, AL R T IE SR S AT

SpongiVores

Apex Predators Apex Carnivores

(Top Predators)

3rd Level
Consumers
{Carnivores)

2nd Level
Consumers
(Carnivores/
Ommnivores)

Invert

Feeders 1st Level

Consumers

{Herbivores)
Crustose

Coralline

Algae Producers

Detrivores &
Decomposers
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A trophic web shows how cach energy moves
through an ecosystem. Plants are called
producers because they use light energy from
the Sun to produce food (sugar) from carbon
dioxide and water (photosynthesis). Corals can
fall in this category because of the single-celled
photosynthetic organisms(zooxanthellae) living
in their tissue. Most animals (consumers)
cannot make their own food so they must eat
plants and/or other animals. Animals that eat
only plants are called herbivores (or primary
consumers). Carnivores arc animals that eat
other animals. Carnivores that eat herbivores are
called secondary consumers. Carnivores that eat
other carnivores are called tertiary consumers.
Some of these specialize in eating corals
(corallivores), eating sponges (spongivores).
or eating plankton (planktivores). Animals that
eat both animals and plants are called
omnivores. Decomposers arc organisms

{bacteria and fungi) which 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 mineral,

salts & nutrients back into the food chain.

In a rophic web, energy 1s passed from one link
to another. When a herbivore eats, only a
fraction of the energy that it gets from the plant
food becomes new hody 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). When the herbivore is
then eaten by a carnivore, it passes only a small
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 (through metabolic
processes and growth), the amount of energy that
is transferred gets less at each level, resulting in
fewer top trophic level animals versus the

number of lower trophic level animals.
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A 0.70 m Jack produces 86 times more eggs than
a 0.35 m Jack. The result is that adult big fish
have a reproductive value far exceeding that of a
smaller adult fish of the same species.
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FINAL STEPS IN A RAPID

ECOLOGICAL ASSESSMENT THE REA IS THE THIRD OF

As the REA events in the field reach the final stages, THREE IN-WATER COMPONLENTS
it’s eritical that arrangements have been made to INVOINVED IN A MARINE IMPACT
process and analyze the data, and that the data itself EVENT FIELD INVESTIGATION

is maintained under a pre-existing set of chain-of-
custody protocols for such information and samples.

At this point in the investigation, information should
be kept internal until analyzed and presented 1o the
NRTs. Media contacts should be limited and handled
through a NRT Public Information Officer. Any
safety or environmental concerns detected during
these surveys should be passed on to the appropriate
NRT or safery agency.

[
Summetiy

During the Rapid Ecological Assessment, divers will
focus on conducting a series of REA dives both within
the impacted area and in appropriate reference (or
control} sites. REA dives can be used to establish the
lost resource values and help determine recovery rates

through comparisons with appropriate reference sites.

IMPACT =) TIME

ENENT &
_ NRIR Prior To Renwwal pmediy by v Afle .
_ wamoetoriom | Wi | Nt ot o This Module overlaps

with these stages during
% an impact event and the

Tipict investigation.

Huid RP 2 I,Wlllll.llr!e

o Remone Repurdi ATl
Tmpactancfor | Renvwi Removal lor Phll)lun 1 Bcﬁ:mm-
Cease Aclivity _Pntl:wu I A .unwgr
Meily 1y I i riite
InEsigaion| et Pre-Avessuent acmpoct  RE This Module represents
Phases ivestigatian Activities Activitiey : |E o thzspomt in the timeline.

Provide for Emergoney Restoration Activitics
Provide for Res antion Actl jties
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REVIEW SHEET

' CONDUCTING A RAPID

ECOLOGICAL ASSESSMENT

OUTLINE OF ACTIVITIES:

1.

REA Team Arrives On-Site

Prepared

Conducted

Documented

a) CROC coordinates activities.

b} All cameras synchronized to date and time. fresh batteries. housings
checked.

¢) Photographer photographs all data sheets.

Important Tools.
Founs or Other
Aills:

| 5 o

GROC! Form Initial Site Diagram

2.

Fish Team On-Station

Prepared

‘Conducted

Documented

a) Anchor the first sarface safety float at the beginning of the first ran-
seet; record the compass direction of the transect.

by Swim-out leg of first fish transect, swim back leg of first fish transect.

¢y Swim 5 m beyond first transect in same direction and set second tran-
seet. anchor second surface safety float.

d) Swim-out leg of second fish transect, swim back Jeg of second fish
transcct.

€) Conduct quick swim around transect lines searching for rare species
and unusual fish habirat,

fi Fish team retrieves first transect line (if benthic team findshed). retrieves
first surface safety Hoat anchor and ascends first safety float line to
safety stop.
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2. Fish Team On-Station Prepared | Conducted | Documented
g) Photographer photographs all data sheets once back on-boavd support
vessel.
Tmportant Tools. ' ‘
TForms or Other L
Aids:
LSS Ee4
Data Sheets Transect Lines Surface Safety Floats:

3. Algal Dlver: Benthic Team On-Station Prepared | Conducted | Documented

a) Algal diver photograpls all data sheers and photographs 360 degrees
ar surface.

b) Algal diver photographs 360 degrees at the start of the first ransect
line. photographs his/her depth gauge/dive computer. and then pho-
tographs cvery o.5 m (using the o.5 and 1 m marks) of the transect line
using a 0.5 meter stick to position the camera exacty .5 m above the
tansect line for the firstand last 10 meters of the line.

¢) Swrveys o.5m to either side of the two 10 m subtransects. noting all
species encountered and sampling as necessary.

d) Uses a 20-point 0.5 m* quadrat to estimate abundance and percent
cover along four randemly selected sections of each 10 m subtransect.

¢} Repeats procedure for second transeet.

£ Conduct quick swim around transect lines searching for rave species
and unusual algal habitat.

g) Helps retrieves second mansect line. retrieves second surface safety
Anat ancher and ascends second safery float line to safety stop.

h) Photographs benthic team's data sheets immediately after team gets
back on-board the surface support platform.
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a) Algal diver goces first to photograph the first transect line,

b) Invert diver censuses density of urchins along the 10 m transeets while
the coral diver conduets a quick point intercept survey of bortom type
1o determine cover characteristics.

¢} Surveys 0.5 m to cither side of the nwo 10 m subtransects, noting all
species encountered and sampling as necessary.

d} Focus on pre-determined keystonc macroinvertebrate species.

¢} Repeats procedure for second transeet.

f) Conductquick swim around transect lines scarching for rarc species
and unusual invertebrate habitats.

g) Helps retricves second transect line, retriceves second surface safety
float anchor and ascends sceond safety float line to safety stop.

a) Algal diver goes first to photograph the first transcet line.

b} Coral diver conducts point intercept along each 0.5 m marking for
cach 10 m subtransect to determine cover characteristics.
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¢) Coral diver(s) census all coral colonies within ©.5 m to each side of the
transect line along cach 1o m subtransect on the first 25 m transect
linc. Colonics are classified to one of eight size catcgories.

) Document fragments, partial mortality, discase, predation, abnormal
growth. bleaching, other indireet human impacts.

e) Conduet mugosity cstimate using 10 m small link chain placed alongside
transcet line for cach 1o m subtransect.

B Repeats procedure for second transect.

g) Conduct quick swim around transect lines searching for rare species
and unusual invertcbrate habitats.

h} Helps retricves second transect ling, retrieves sccond surface safety
float anchor and aseends second safety float line to safety stop.
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The Kole oj[t/ae Cora /QeefOn—Sc:ene
Coordinator (The CROC )

Many investigations require a single person to
coordinate the on-scene investigation and ensuie
that all necessary components are gathered in
the correct order and maintained properly
relative to standard evidence and data
management for marine injury assessments.
This person is veferrved to as the Coval Reef On-
Seene Coordinator (the CROC),

While many NRT organizations will have various
levels of administration, dive safety officers, safety
officers, and medical personnel; a multi-agency
field team often runs into issues associated with
chain-of-command and chain-of-custody concerns
(both within the team itsell’ and between agencies)
and interface with non-field team elements.
Regardless of how the formal Incident Command
System (ICS) is arranged 1o deal with these issues
for the overall injury event and other response

elements, in the field the injury assessment team

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

in charge of the team in the field relative to:
. Organization and Documentation.
2. Risk Management
3. Intelligence

+. BEwvidence and Data Chain-of-Custody

ORGANIZATTION AND
DOCUMENTATION

The CROC is often the individual on a response
team who takes the lead in making sure that prior
to team deployment the team is organized and
ready 1o deploy. This will involve the CROC
being the focal point for information coming into
the team andl the lead for information emanating

from the team. All formal documentation should
go through the CROC.

INITIAL INVESTIGATION OF THI
INCIDENT

Once a CROC 15 established for an mcident, 1t's
going to be important for him/her to work with
the NRT and other responding agencies to
determine the appropriate level of response
necessary. Often this will be leveraged against the

type and scale of mjury along with the potential
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risks that the injury vector poses to life. property
and remaining natural resources in the immediate
arca. Primary roles to be accomplished include
the following:

Overall Incident Risk Management

W File Boat, Dive, Mission Plans
W Arrange for Site Security

“he Iniual [nvestigation:
'w Determine Level of Response

W Coordinate and Notify Interested Agencies &

Parties
% Supervise Initial Investigative Response

'w' Ensure Proper Storage/Chain-of-Custody of
Materials Gathered.

The Pre-Assessment:

‘W Determine Level of Response

&' Pre-Dive & Post-Dive Briefings
- L_ASSesEme

'~ Determine Level of Response

' Pre-Dive & Post-Dive Briefings

W Determine Level of Response

‘W Pre-Dive & Post-Dive Briefings

RISK MANAGEMENT
The CROC ofien has overall responsibility for risk
management associated with staging and

deploying the team on-site. conducting dive

operations, extracting the tcam, and exiting the
staging area after the dives are complete. Each of
these elements has salety (and possibly security)
issucs associated relative to individual team
members, support personnel and peripheral
personnel involved. [t is therefore important that
the CROC be the NRT individual with the most
safety and risk management training; in many
areas CROGs are individuals who have gone
through certification courses to be Divemasters,
Assistant SCUBA Instructors, or SCUBA
[nstructors, where formal risk management field

techniques are taught.

We strongly recommend that individuals seeking
to serve as CROUs seck out and take advantage of
public safety, risk management, rescue and rescue
planning, and emergency response (raming, We
also recommend that team’s have assigned
individuals responsible for gear 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 maximize team safety and success of the
mission. As such the CROC (with consultation of
the team’s (or NRTs) Diving or Field Salety
Officer) should be responsible for planning the
different dives, filing dive and mission plans, and
conducting both the pre~ and post-dive salety and

mission briefings.

THEINITIAL INVESTIGATION

Prior to putting a team in the field, the CROC

will need to gather certain eritical information or
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assign a team member (o be responsible for his

aclion:

Weather Forecast: Print
out a three-day forecast
from a reputable source.
This forecast is used for

slanning field investigations,
o o L

response activities, and
projecting possible trajectories for oil or
contaminant spills. Marine weather forecasts
should include surface wind speeds and
directions, wave heights, temperature range,
sunrise and sunset times, humidity, and multi-
day/long-range forecast.

S .. Tidal Forecast: Printed
tide charts or computer
models of tidal changes for

the next three days. Tidal

information helps with
logistical planning, turbidity
estimates, spill rajectories, spawning concerns,

elc.

The CROC should post weather and udal
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
safety of the team and the success of the
investigation. That said, an experienced 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 injury investigations underwater.

PRE-ASSESSMEN'I
During the Pre-Assessment, the CROC is
responsible for coordinating amongst the site
security, m-water assessment and field units. in
acdition to serving as the prime spokesperson for
the team o the medlia (unless the tcam or the lead
NRT has a Public Information Officer (P10O) who
would take on this role) and to other involved
government agencies. The CROC needs to make
sure that all of the Pre-Assessment data elements
are collected and properly handled and secured
through the established chain-of-custody

techniques in-use by

the team.

CORAL MEEF BNCIGEHT  [rans
THITIAL REPORT EORE b

IMPACT
ASSESSNENT
it is criucal that the
CROC maintain

control over all data

elements and

evidence collected

during the Impact

Assessment.

Careful records

(photographic and written) should be maintained
at all stages of this assessment; and special care
should he taken to ensure that proper chain-of-

custody procedures are followed. Make sure you

use the CROC form to track all elements.
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RIEAS
The most important aspect of the REA for the
CROC is making sure that the raw data is
cduplicated 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 controls represent the
same type of habitat, are in close proximity (f
possible) and at the same depth contour as the

Impact area.

POST FIELDWORK
The CROC has primary responsibility to follow-
up with all team elements 1o make sure that the
data analysis 1s accomplished in a reasonable time
frame, that data or evidence is not released to
unauthorized parties, and that pre-agreed upon
Standard Operating Procedures (SOPs) are
followed relative to post-fieldwork actions once the
various team members are back among (heir own
NRT agencies. Usually it 1s the CROC who has
the lead role for writing up the investigative report
which is then reviewed hy ali of the active team
members who participated in the fieldwork or

cata analysis.

ANNUAL TRAINING EXERCISES
The CROC should also take lessons learned from
cach imjury investigation and incorporate these
lessons into mandatory leam training exercises
which should he held at least once a year. The
CROC. who functions much like the conductor in
a symphony. or the director of a movie, is often
the one individual who has seen all the angles of
an injury mvestigation and therefore is in the hest

position to take the lessons learned and apply

[ 5 =

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 o 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
maximize the learning potential from the exercise.

OTHER CORAL REEF CSI
TEAMS

Along these same lines, it is the CROC who
should try o 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 CROGC AS DIVEMASTER
Unless a Diving Safety Officer or a certified Divemaster is part of the dive team, the CROC will often
have to take on the additional role of Divemaster for each of the assessment phases. In addition to
logging each diver’s dive parameters (depth, time, surface interval, etc.), the CROC will also need to have
complete knowledge regarding each team member’s abilities and inabilities relative to the diving
environment, the type of marine injury being investigated, and the type of activity role each team
member will be taking on for cach type of assessment dive. The 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 o
also pay attenton to the equipment used, it’s condition, and the necessary decontamination, cleaning

and servicing post-cive,

Evenl: Localion: Dive Plalform:

Dive Divers Rale Dale Timein | Timeout | Max Depth | Surface Int | Gas Mix Mote

Pre-Assessmentiimpact Scene
Perimeter

Pre-Assessmentimpact Scene
Perimeter

Impact Assessment

Impact Assessment/REA

REA/Gther
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2
511!71;3'1({-?_{/

The CROC! s the on-site coordinator for most aspeets of a field investigation. While seniority is an asset
to a functional CROC, the most eritical aspect is the level of wraining and experience in lield risk
management, emergeney response planning and implementation, diving safety. ete. One of the most
important roles for the CROC! hesides team salety. is to document that all necessary tasks have bheen

completed. all data and evidence has been completed and accounted for (or secured). and that necessary

chain-of-custody procedures were followed.

.

THE CROC'S PRIMARY RESPONSIBILITY 1S TEAM SAFETY
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REVIEW SHEET

SERVING AS A CROC

QUTLINE OF ACTIVITIES:

1. Mormal Readiness: Actions consist of developing & maintaining
resources, planning, training and testing response capability.

Prepared

Conducted

Documented

a) Written SOPs will be maineained, and reviewed annually with all team
members. Itwill also be presented as part of new team member ori-

entation.

by A Copy of the SO Will Be Kept With Each NRT. A Current Call-
Dovwn List W Be Present With Each Copy of the SOP and With

Fach CROC.

¢) The CROC Will Ensure That The Teany's Technician{s) Maintain All
Gear To Be Ready For Use.

Important
Tools.
F_b‘rmS or
Other Aids:

SOP Team Call-Down List  Gear Ready-To-Go List

2. Notification of an Injury Event

| Prepared

Conducted

Documented

1) The CROC Will Notify Other NR'T's and the ICS If Not Alveady
Activated and of Large Scale.

by The CROC Will Activate the Team Using the Current Call-Down
List.

¢) The CROC Will Gather/Receive Intelligence Regarding the Injuiy.

d)y The CROC Will Prepare Dive Plans, Safety Plans. Boat Plan, 8 Mis-
sion Plans as Necessary.

e) The CROC Will Arrange For On-Site Enforcement or Security [f

Necessary.

) The CROC Will Meet With NRTs or [CS to Present Mission Plan &
Get Approval Prior to Briefing Team.

B-83




Gulko ¢f af. (20087 ICRI Coral Reef CSI Toolkit

2. Notification of an Injury Event Prepared | Conducted | Documented

g) The NRTs or ICS Will Inform All Field Agencies 8 Personnel Re-
garding The Team’s Deployment and Field Activities.

h) The CROC Will Brief All Field Team Members Completely.

Important
‘Tools.
Forms or
Other Aids:

== Be—=—=_

‘.'II li9-—,s=l- — — —_—
Initial Clontact Form Dive Plan Boat Plan  Mission Plan

3. Arrival On-Scene Prepared | Conducted | Documented

A1) The CROC Will Debrief Senior NRT Personnel At the Scene,

L) The CROC Will Check-in With, & Update. [ncident Conanand,
Coordinate With Security/Public Safety Elements; And Serve As the
Primary Media Spokesperson in the Field if No PIO Present.

¢) The CROC Will Armange [For Food/Rest Periods For Field Team
Members.

d) Oversee Establishment of Staging Area/Platforim.

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

Important |
Tools. 2
Forms or e T
Other Aids: -

Initial Gontact Form ~ SCAT  Boat Plan  Mission Plan Media Briefing Notes

5. Impact Assessment Prepared | Conducted | Documented

a) Brief Team Prior to Impact Assessment Dive,

Iy} Oversee Proper Docunientation 8 Chain-of-Custody During Activity.
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5. Impact Assessment

Prepared

Conducted

Decumented

On-Seene.

¢} Monitor Dive Activity If Team Divemaster Not Available, Coordi-
nate Communications With Other NR'T/Public Safety Elements

) Debrief Teanm After Iimpact Assessiment Dive.

Plan; Brief Media If Authorized.

¢) Brief [ncident Command: [ncorporate Results [nto Revised Mission

Important : =
Tools. e
[Forms or e 2
Other Aids: e
= B C|ETI G R T B
Wildlife Damage Forms
[y —
Important |=—=—=—coe——e=|
Tools. —
Forms or i—
Other Alds: | =
B - = ==SSEEEEEES
CROGC Form Chain-of-Custody Form  Dive Master Form
6. REA Prepared | Conducted | Documented

a) Brief Team Prior to REA Dive.

b)Y Oversee Proper Documentation 8: Chain-of-Custody During Activity.

On-Scene.

¢} Moniror Dive Activity If Team Divemaster Not Available. Coordi-
nate Communications With Other NRT/Public Safety Elements

d) Prepare Incident Report.

Plan; Briet Media If Authorized.

¢} Brief Incident Command; [ncorporate Results Into Revised Mission

B
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|]¥
Al

a) CROC Will Oversee Recovery and Maintenance of All Gear.

by CROC Will Work With Incident Command To Plan Additional
Field Activities If Necessary.

¢) Ovarsee That Al Data Is Properly Analyzed: And Thar Data Security/
Evidence Chain-of-Custody Is Maintained.

dy CROC Will Prepare The Investigation Report.

e) CROC Will Review the Incident Response and Prepare An Evalua-
ion for NRT Review.
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ﬁna[gsds ()f Assessment Data

I Reference Impact

No. Colonies m™

Often the weakest part of an in-water
investigation is the post-fieldwork analysis of the
biological evidence and REA data collected. The
highly organized and coordinated assemblage of
pevsonnel and equipment involved in a field
mmvestigation often gives way to one or two
individuals working independently over the
Jollowing days for weeks) to analyze what was
collected. Often, these individuals, when not in
the field, may get overwhelmed with other office
duties and the analysis may get delayed. The real
risk under such a scenavio is a loss of chain-of-
custody or degradation of the material collected
such as to decrease its usefulness in the
investigation.

ANALYZING BIOLOGICAL
SAMPLES AND REA DATA

Analysis of biclogical samples and REA data involve
different pathways in the injury investigation.
Biological samples are often analyzed by expertsin a
laboratory setting: care must be taken at all steps to
maintain chain-ol-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,. RIEAs
focus on delineating the injury in such a way as to
provide guidelines for what was lost in order to initiate

ions. _msswrgiam Jnﬁtm'mm
ounal mari halaﬁﬁtﬁaﬁt;l'

acdqgiswmi‘ﬂtstmsijal is backgronnd
is erifical if such expertise isnot available on
s’fs’-‘ﬂ“

mifigation or restoration. Note that both components
{biolagical sample analysis and REA data analysis)
vary from the type of analyses associated with most of
the components ol 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 evenis
and actions that led to the injury. It establishes a
formal link between the injury and the responsible
party while also delineating the damage caused to the
natural resources.

While still on the boat, all data sheets should be
photographed by the team photographer immecdiately
after the divers exit the water. After the the field work
is finished, all data sheets should be copied and the
copies secured with other evidence prior to the
individual team members beng allowed (o work on
therw data.

Regardless ol specialty, all team members should enter
their data into a pre-agreed upon spreadsheet from
which anyone can analyze their data. While everyone
has their favorites, Microsoft Excel is probably the
most widespreac and easily available. Metadata
(information regarding the date, depth, location, time.
ticdle, and other broad variables) should be included on
a separate portion {or sheet) of the spreadsheet. Data
should he 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 [ractions.

Graphics and charts in this section are presented in a
munber of styles and forms in order to expose you to
different ways ol presenting cata analyses.
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INJURY AREA MEASUREMENT
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.

Injury Site

Injury Area

(m?)
1 Initial Impact Site 29.11 m?
2 Debris Field 85.75 m?
3 Dragging Scar 11.09 m?
4 Secondary Impact Site 43.09 m?
5 Tertiary Impact Site 22.12 m?
Total Damaged Area 192.06 m?

Example of measured damage 1o geological features, live
coral and live rock from a single injury cvent.

REA DATA OVERVIEW

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, ete. 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 10m

rugosity chain laid into the reef contours, by 1the
Actual length of the transect section (fixed at 10 m).
The resulting fraction is a representation of three-
dimensionalness. As the {raction approaches “17, the
habitat is primanrily flat and featureless; as the fraction
approaches “0”, the habitat is highly three-
dimensional. Data should be averaged across all
transect 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 overall species list should be
established based on presence absence at the controls
versus injured area, and biodiversity comparisons
made.

| Refn-r_e nce

Impact
B r

-2
IS

Mo. Colonigs m
L

n

Biodiversity. colony size . and number of colonies from a
injury site.

Abundance: You can plot species vs size category vs
abundance as shown above, hut 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 he analyzed separately.
You may need to group attached coral size classes
together in order to allow for standard parametric tests
to be applied, espectally in situations where small
numbers of site replicates exist (very common in coral
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reel injury investigations). Groupings shoukl be based
on similarities such as age structure, suspected
exposure to (he injury, ar relative habitat contribution.

L3

Rtz |
= impatd |
[T —

Humber ol attazhed m

s i
C T b T 1 )
tange Lagn anall lrge
AEAnigs e 1 Facliopme opoise Fanfes lobatn

Example of the Average (+ 5.E.) Number of Colonies for
Groupings of Coral Species from an Injury Event, Note
the dominance of Porites lobata, a type of coral that is
extremely long-lived and can form large massive colonies;
this would be a flag for a rescurce manager 1o suggest that
this injury wonld have a lengthy natural recovery,

Fragment Analysis: Loose [ragments can be
analyzed separately from the attached corals but using
similar methods. You may need to group lragment size
classes together: Fragment comparisons between
reference and njury sites can be used as one measure
of impact and pre-existing impact prior lo the mjury
incident,  Large numbers of fragments lound within
impact areas versus adjacent reference areas may
suggest that the reef substrate was relatively intact
immediately prior to the injury event, suggesting that
the damage noted was due to this series of incidents by

the RP

Fragments

Iragemen Rize Laaninter Caleporics fom)

Comparison of loose coral fragments documenteil within
all impact areas (5) versusall conirol areas (12),
J

ALGAE DATA

Biodiversity: An overall species list should be
established based on presence absence al the controls
versus injured area. and biodiversity comparisons

macle.

Abundance: Proportional cover should be
determined for each species or [unctional group by
dividing total number of relevant points by the total
for each L0 m section of transect, this will result in a
percentage cover representation. Data should be
consolidated and analyzed by algal [unctional group
iexample: macroalgae, Crustose Coralline Algae
(CCA turl algae and invasive algac), and be averaged
across all transect subsections at each site for analyses.

Functional Group n Reference Impact
Macroalgae & 21.76 £ 3.28 28.44 1 .05
Cruslose Coralline Algae G 2333z 518 7.17 £ 3.44
Turl Algae G 28.78 + 8.44 18.21 £ 5.16
Invasive Algae [ 0 38.32 £ 5.90

Example of Average (+ S.E.) Percent Cover of Algal Fune-
tional Groups from an Investjgation of an [njury Event. Of
the algal functional groups, turfalgae had the highest coverat
reference sites, while invasive algae had the highest cover at
impact sites: however, invasive algae was not observed within
measured quadrats in the reference areas,

Aeleronce
Impact
40
30 | ,'
Peecanl ) ]
Cover | '
£ i
L] |
Q
Maercalgas CCA Tuel Algan Invasiva Algae
filgal Funetional Group

INVERTEBRATE DATA
Biodiversity: An overall species list should be
eslablished based on presence absence at the conirols
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versus injurcd area, and biodiversity comparisons
made.

Abundance: Break data down at least by Phyla, and
preferably by funcrional 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 all transect subsections at each site for analyses;
though each functional group should be analyzed
separately.

5 -
[ Relerence
&y B Tmpac
e -+
g s, '
£
=]
=
©
= S Ml i
o
>
=
1 [
e | / i

Boring Urchins Mabile Urchins

Example of Average (+ S.E.) of Urchin Func-
tional Groups Measured For A Coral Reel Injury
Event.

REEF FISH DATA

Biodiversity: An overall species list should be
established based on presence/ahsence at the controls
versus injured area, and hiodiversity comparisons
made.

Abundance & Biomass: TFish densities can be
calculated using appropriate area estimates (i.e. 100 m?
for fish greater than 10 em, and 50 m? 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
hdelity) groups for your area by breaking down fish
species as follows: R {species with limited movement
and well-defined home ranges), 81 (species that are
mobile and have daily movements on the order of tens
of meters), S2 (species that move daily on the order of

Speefes Meh.  Wek NI NI Speo TMeb.  Rel. R i0_
Chrumiy vomder kit ] dord 7 yoo fadinmes hifueduni a3 [ o w*
Thilliwni sfrerney ab o s W B padnnand al rd & i
Buses s athiselte ab drd P W Zehrsunn flives s ab 4w
Parpedrelites urvhn R LTI Y we Al wbivien a 5. o "
Avirithiirns wgrafioin ak [N b Cumagithin Ao R 4 “ w
Fovweogiligibbsbn
st ] LY « ar Clireunty avalis ’ . @ v
Sefflamenens dieena ah sra " ETUTIN o TR e ) ns » " "
et o
dergtaar it R 2y 4 w it fertin % s B "

Afteraliarmgaoding
Cotifiigenter i iutie ah (1%} o a o geiffeer ah 5 W n
Chawinilen eifiaris alb wi u o Mo v nthiv ah * v o
Farapreriams
sl ffianefiainy ah b1 In. o Bhireshen e boagens ah 5 [l LH
Pagholeeniun g fimed » ned w o Punlehites fster) o s " o
Cliaieinlions
spvsdrdimcsg liatiis ak it " o Febigh iabalioss b i o e
Sarrer pifivecs iy 44 " o Gl varinn al T a a
Clinttanfion) srnbision ak 7. o [U & T ab a 4 a
Hialiehseres urntisatoni ab - 0 s Ennthertines e il ab " I I
Curey tanentis ak n 7 how Aldichitin vishia ab o w o hi
Poragreesiy sehunimbands b " [CTTRNS [ A e EL " w
Puewehchcilinng Chiveediivg
o bk eidcs ab " u i e ah n " u?
Prsidoc hedlirns.
dedratin il ul o o o Nufffuin fowemeng as o L
Rl etenguing_ ob - LA S T

thousands of meters), and T (species that move over
great distances). Number and biomass of individuals
m each maobility class can be summed for cach
transect, and the means of the two transects per site
used in the follow-on analysis, For some incidents
within defined areas, only fishes that are grouped into
the two 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
small 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 within the defined area, which
probably represents either all or the majority of their
home ranges.

Data should he averaged across all ansects at each
site for analyses.

8000 | Refaience | pa2s
T Non-Hull lmpact |
RS Hull lmpac |
029
6000
3 -
i} LTH)
o 1 :—g;v
B 4000 |
£ ' 4
= o g
.2 iB
2000 | |
| 005
i I
i I
b 1 o ] & Ttr_ 000
Rnpe  Sime S3op. Too Rbie. S| by 52 Ho T bly

Examplc of Average (+ S.E.) Number and Biomass ol Fish
by Mobility Group For A Coral Reefl Injury Event. Now
the subdivision into directinjury by the grounded impact
(hull impact) and the indirect injury caused by the re-
sponse effort {non-hull impact).
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DETERMINATION OF VARIANCT
AMONGST MEASUREMENT FAC-
TORS

In some cases, you may wish to explore running an
Analysis of Variance {ANOVA) on specific data sels in
order to compare the differences between field
variables such as differences in depth, location, etc. As
with many statistical tests, the data must meet certain
conditions prior to running the ANOVA.

Source DF S5 S I P
HBoring Urchins

Lrepil G 7 T

LG fith G Gli Gli (4] G
nrry 9 7173 171G

T4 e v Uy

Maohile Urchins

Depih G G G

LG dith G I G I G ? 7 el > (op
neer 9 GT1

idl 4] i 9

Example of a Block Design ANOVA with Tukey HSD
Comparison of “Location” Urchin Densities and Depth.
Note that the data were square-root transformed 1o 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, injury to a variety of
coral reef resources has heen observed and
documented in pre-assessment and impact assessment
activities. One of the purposes of the REA is to
quantify the injuries relative to the natural resources
that would have heen there absent the incident, not
determine whether injuries had in fact ocewrred.
Statistical hypotheses thus tend, for most functional
groups, to be one-sided. 4 prieri, numbers of targeted
organisms (corals, fish, invertebrates) for the different
REA subgroups would be hypothesized to he less
dense in injured areas compared to reference areas.
Other organisms known to congregate in injured areas
might be hypothesized 1o be at greater density after a
major injury (for example Crown-of-Thorns Scastars
feeding on damaged coral). When multiple factors
(such as coral sizes, fish mobility classes) or impact
types (for example, hull impacts versus non-hull

impacts) are considered, two-sided ANOVAs (one-way,
factorial, block) can not be used; factors can be
independently evaluated with appropriate one- or two-
sided tests. In most cases, transformation assumptions
(square-root, log, arcsine square-root, etc.) can be used
lo meet model assumptions (Adapted from Kolinski e/

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.

DETERMINING ESTIMATED
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 injured areas at the same
depth profile, whenever possible, o 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 within 10m? for each of the parallel
transects. Lstimated number of coral colonies
damaged within 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). Gonfidence intervals at the 90% level are
determined using the the standard deviation and the
number of conurols for each derived number of
colonies damaged per species.

DETERMINING RECOVERY
RATES

Use published growth rates or actively measure growth
over ime for one or more primary species of coral at
the impact site. For example, Porites 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  JArea (m2) Area Limits Damaged Damaged
Monlipora patula 22.00 7.57 2911 &4 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 18 24
Poriles lobata 0.50 0.58 2011 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 ofa Derivation of Estimated Number of Coral Colonies by Species Danaged Within an [mpact
Area Based Upon Reference Area Measurements. Note that the estimated number of coral colonies dami-
aged was derived by muliiplying the damage area measured (squared meters) times the average number of
coral colonies (per species) in the contiol (reference) transects divided by 1o square meters (the area of
each control ransect surveyed). Confidence intervals at the go% level were determined using the the
standard deviation and the number of controls for each derived nimber of colonies damaged per species.

Main Hawaian Islands might average around 1 em/yr
linear growth; we (herefore could estimate that the
recovery time [or Porites lobata colonies (clominant coral
on that type ol reefl} in the 80 cm - 160 cm range will
take at least a minimun of 80 years. Use the
dominant coral species or that with a predominant
ecological function to base recovery of the reel itsell
on as the reef ecosystem would not be expected to fully
recover until such time as the full assemblage of coral
colonies in the size ranges thal were present prior to
injury event, re-establish themselves completely, and
allow the full variety of associated reef fish, sea turtles,
and invertebrates to make use of the ecological
functions they provided prior to the impact injury; this
often means the largest colonies impacted would take
the longest time to fully recover.

FINAL STEPS IN ANALYSIS OF
REA DATA

Alter 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 oul or account for any inconsistencies in order to
procuce a unified account based on the clata resulis
and relative to the investigation. In general, the team
should strive for data analysis that are clean and clear
relative to their ability to be presented to a
decision-,making body through either presentation or
the wrilten investigative report. Team members
should carefully review each other’s analyses to assure
that the proper assumpions were met for each
statistical lest or analytical method used. Data and
clata analysis should be reviewed for inconsistencies or
inaccuracies while in drafi form, as the RP’s experts
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will be scrutinizing your analyses looking for any weak

point or maccuracy to strengthen their defense,
minimize the injury amount, or lessen their
responsibility for the injury.

IMPACT 2l TIME
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ival & Presewation oj[ the Seene

The initial steps taken at the
beginning of an injury
investigation are eritical to
the success of the follow-on
in-water investigation
elements, and ultimately, to
the final decision-making
and mitigative efforts.

The very first Natural
Resource Trustee (NRT)
representatives on the scene
will need 1o evaluate the injury
relative to the following issues:

1. Safety - Are the mjury
events still on-going in
such a way as o pose a
danger to life and
property? Olften these
will involve
government agencies 3
that focus on public safety. '

Temporal Scale - How long has the injury
been on-going? How long is it expected to

2. Geographical Scale - How large is the continue?
injury relative to distance? As this scale
increases, usually additional NRTs become
involved.

4. Habitat Scale - How many different
habitats or subhabitats (marine, coastal or
land} are currently being affected by the
injury event?

The result of this quick evaluation
by the NRT should be the
basis for initializing a
coordinated response by
the NRT agency orifl
the scale is large
enough a group of
NRT and public salety agencies
working together,
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WHO SHOULD REPORT AN
INJURY EVENT

Often the first people to notice a coral reefl injury are
not those well-trained to evaluate its scale and dangens.
"That said, most jursidictions should invest in educating
the public and specific coral reef user groups regarding
proper reporting procedures when they encounter a
reel mjury. With 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 ohservers, It 1s
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 invelved and their status, etc.
should also be solicited. The NRT representative who
receives this information should alse 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

In 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 1o 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.)?

* What 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 locaton name may suffice if the
description is specific enough to lead NRTs to the
location of the incident.

* Is a vessel involved? If so, provide specifics such as
the vessel name, registration numbers, type of
vessel, make, model, color, 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 notfied by the
individual reporting the incident, or are there any
NRT personnel or vessels at the scene?

» What is the contact information of the individual
reporting the incident?

* Is there visual documentation of the incident (photos
or video)?

Bueoet Taroa By,

A ]
L2 e CORAL REEF INCIDENT r'nusnuo

INITIAL REPORT FORM
DATE OF INCIDENT- ISLAND,
SITE OF INCIDENT:

MCENCY. TIME

Haw Repa i

Orione O voice san
Oracio JenaL
Ootmen

Ripartig Paty Stmpatied Rosoontibls Paty.

HAME PHONE: HAME-
MODLE PHONE

TIME OF INCIDENT;

Afteciad Anrdlnh

DRGANIZATION.

ADDRESS: ERAIL
TYFE OF DRGANIZATIOMN:

ENE WEATHER COKDITIONS WIND DRECTIONERPEED:

SHTE WATER CONDITHINS:

VRAVE CONTITICN:

Rremwt Maliral, AMOUNT| Dessritan of Inetent

o crvees

[ cHemicay

[ ooamc matERRAL:
o

b
[ seoment

[IVERRESTRIAL [ MARINE

O omen
“Veasek
HAME,

TYPE: YEAR

MAKE LEMGTH COLOR,

HEGETRATION.

ENG['(E" FUEL AMOUNMT
OTHER AMOUNT

ovIER: PHONE:

ADDRESS:

. Dispsiion: - CASE#
DAJE ASSIGNED TIME ASKIGNELD OFFICER ASSIONED
AGENCY LEAT
CHATICNARREST NO,. OTHER-

CASE CLOSED [DATEY

CITATIONARREST OATE

The initial veport form can be used to gather this in-
formation and relay it in a form that can be used by the
various NRT agencies.
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Essential Training for NRT Personnel
Regarding Initial Reporting

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

{Based] on Florida Dept. of Environmental Protection, 2007}

THE INCIDENT CONMMAND
SYSTEM (IGS)

For large-scale injury incidents {either in regards to
geographic scale. multiple habitat scale or multiple
NRT scale’, a multi-faceted response will probably
occur. Many regions are using a Incident
Command System (IGS) model to handle such
events whereby all agencies agree that their personnel
will follow a single layered command structure. The
system is designed 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 usually possible for one agency alone to
handle the management and resource needs.
Partnerships are often required among
various governiment agencies, T'hese partners
must work together in a smooth, coordinated
elfort under the same management system
and under a single chain-of-command.

The Chain of Command is an essentiial part of
being able to control incidents of all sizes. Every
person involved in the incident response has a
designated supervisor. As a result, there is a clear line
of authority within the overall organization, with all
lower levels conmecting to higher levels, eventually
leading solely back to the Incident Commander.

The principles of 1CS clarify reporting relationships
and climinate the confusion caused by multiple,
conflicting directives from multiple NR'1s. Incident
managers at all levels must be able to control the
actions of all personnel under their supervision,
regardless of agency. Note that these Chain-ol-
Command principles do not necessarily apply o the
exchange of mformation in 1CS, members of sections
may directly communicate with each other to ask for,
ar share, information.

USCG (avw

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

_/(cy f_/*c’?{.ms

» Natural Resource Trusiee (NRT)
* Incident Command System (1CS}

o Chain-of-Command

o Incident Commancder
» Single Commuand

« Unified Command

* Ecological Triage

s Ineident Action Plan

e Lightering
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inciclent inanageinent, or as a Unified Command in manage the response from a single Incident Command
which responding agencies and/or jurisdictions with Post. A Unified Command allows various agencies
responsibility for the incident share incident with different legal, geographic, and functional
management. A Unified Command may be needec authorities and responsibilities to work together
for incidents involving multiple jurisdictions. A single effectively without aflecting individual agency
Jurisdiction with multiple NRT agencies sharing authority, responsibility, or accountability. Under a
responsibility, or multiple jurisdictions with multi-NRT Unified Commandl, a single, coordinated Incident
and/or public safety agency involvement. Action Plan will direct all activities. The Incident
Commanders will supervise a single Command and

If a Unified Command is needed, Incident 3 ] QT et E _ A
: General Stafl’ arganization and speak with one voice.

Commanders representing lead NRT agencies or
. .\ p=
Jurisdictions that share responsibility for the incicdent

INCIDENT COMMANDER Allarpe-Scale

Coral Reef Injury

e Incident
RUBLIC INFORMATION OFFICER

SAFETY OFFICER Comlnand
SECURITY OFFICER

OPERATIONS PLANNING: LOGISTICS FINANCE/
ARDMINISTHATION

BRANCHES ENVIRONMENTAL LINIT SERVICE BRANGH TIME UMIT
DIVISIONS RESOURGE UNIT SURPORT BRANGH PRAOCUREMENT UNIT
GROUPS SITUATION LINIT CONMPENSATION UNIT
STHIKE TEAMS DEMOBILIZATION LNIT CLAIMSUNIT
TASK FORCES PEGUMENTATION UNIT COST UNIT

SINGLE HESOLIRCES
CORAL REEF CSI TEAM
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PERSONNEL NOTIFICATION
SYSTEM

Within the ICS and also within the Coral Reef GS]
Team, a pre-existing personnel notification mechanism
will be necessary in order to activale resources for an
injury investigation. All stafl” with notification roles
{either within the team or NRT% involved with the
ICS) are responsible for maintaining current contacl
information for notification and activation purposes.
Contacts should include both personal and business
numbers for team members.

THE CONCEPT OF ECOLOGICAL
TRIAGLE FOR INJURY EVENTS

In medicine, triage is the screening and sorting
(classification} of a number of patients to determine
the priority of need for treatment and transportation.
Ecological triage is the idea of evaluating immediate
natural resource injury response and emergency
restoration needs based upon impaired or threatened
ecological [unction and available resources at the
habitat and subhabitat level. Effective real world
ecological triage woulkl require assessment of the
biological, economic, and political realities relative to
each proposed line ol action.

This sorting generally results in reef injuries being
placed into one of four general priorily categories:

High Priority: Those (hat need inmmediate treatiment
and immediate transport in order to survive or which

srovide hish ecological services.
B 2

Low Priority: those wha require little or no treatpent

or whose reatment and il':.11|s|'u_=|'1;!1i' i cat be diekavedd,

Lowest Priority: those nyuries which cannod
exprected e SHrVIve even witle treatment o e o lack
o peeled resonrees, on thiase which ;n IETE L]
st thveat tocother nanrad vesoorees 10 el on-

The chart below provides examples of some of the
triage sorting that should occur with a major njury
evenl. The actual sorting of habitat injury response or
emergency restoration needs would be atfected by the
availability of response personnel, the qualifications of
the personnel, resources available on-scene, the direct
risks posed by the injury event. the envirommental and
weather considerations and the proximity ol definitive
support facilities and [unding,

High Priority Intermediate

i Priorit
(Red Priority) .4

(Yellow Priority)

* Fragmented/Ovyerturned * Damaged Small Coral

Branching Coral Colonies Colonies

* Fragmented/Overturned * Daimaged Sea Fans/Soft

Massive Coral Colonies Corals

* Dead, Loose Corals or Large
Rubble/Substrate If In
Potential Wave Area

= Injured Marine Mammals/
Sea Turtles

* Oil or Chemicals in Water
) « Marine Delois (Nets, Lines,
* Cloncentrated Qrganic Plastics, etc.j in Water
Material

Low Priority Lowest Priority

sreen Priority ac.(’gliriorit!
G P } lack y

» Damaged Encrusting Coral | Barren Substrate/Pavement

* Dead Fish & Invertcbrates * Dead Encrusting Goral
* Damaged Seagrass

= Metal or Concrete in Water

Example of a Triage Priority Chart for Coral
Reef Injuries. You nught want 1o rearrange these
elements, or add new ones, to make this specific
for your region.
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General Coral Reef Ecological Triage Guidelines

4 Triage should begin as part ol the initial scene assess-
ment.

% One of the senior responding NRT personnel should be in
charge of (he natural resource response and establish
and remain in contact with the incident commander.

% A safety perimeter must be established.

% Personal protective equipment should be utilized as ap-
propriate.

% Hazardous substance isolation technigues and equipmen
should be utilized as appropriale.

< All providers and bystanders should be protected (rom
environmental hazards as appropriale.

# An estimale of the number and type of natural resource
injuries should be performed.

# This information must be forwarded 1o the incident
command cenler,

< The designated CROC should be informed of this infor-
mation as well,

« Notify potential receiving marine animal care facilities of
numbers and estimated severity of the injured organ-
isms” condition(s).

# Call for additional assistance il required.

« Initiate Coral Reet CSI protocol, if the situationneets the
local or regionally established criteria.

& The total number of natural resource injuries should be
assessed and reassessed regularly.

o The deciston lo conducl immediate natural resource
emergency restoration depends on

- Distribution of natural resource injuries at the site.
- Scene assessment/safety.
- Available resources.

4 Emergency restoration should occur for Red Priority
injuries.

% II' resources do not permit for this then inilial treatment
and stabilization must be performed to minimize addi-
tional damage in place in the field.

% Primary survey on all injuries.

% Rapid ecological assessment of all injury sites and adja-
cenl reference sites.

% Tag and document all substrate injuries.

« If necessary, set-up a treatment area for injured wildlife.

% After inilial triage designate substrate and wildlife inju-
ries into smaller more workable groups by category.

% Conducl a secondary assessment on all injured natural
Esources.

# Correet other immediate habitat threatening conditions il
resources penmil.

% In a large-scale injury situation, prolonged effort in as-
sessing and treating natural resource injuries in the low/
lowest priority category is inappropriate if' it delays the
assessment and treatment of the remaining natural re-
source injuries.

4 This delay may result in unnecessary habitat deterioration
or wildlife death that might othenvise have been saved
through basic interventions.

< As additional resources become available, low priority
injurics should be reassessed and treated if appropriate.

% Treal and restore natural resource injuries as indicaled by
priority, equipment, and provider availability.

Note:

w Inttial tiage nmst be conducted rapidly and care-
fully ensuring no natural resource mjuries are
niissed,

= One person the CROC) must asstune control to
oversee assessiients, delegate equipnient and
resourees, and coordinate imteraction with the
wiedent cominanl.

. 'Tﬁ'liis‘pmv_ﬁ(m st rmua_fl_l m charge nntil relieved
by a suitably qualified indivichyal,

. The meident cormand personnel or the NRT
anthority in charge shonld remain at the seene (o
direct additional wints,

 Clonmnmications with the incident comniand
facilities, other NRT units, rescue and safety per-
sonnel, and other responding agencies is para-
mount 1o the successful managenient of the nei-
dent aud its response,

I resources are limited, injuries triaged into the
Lowest Priority {black) category may be signmfcantly
delayed 10 enable available resources to be locused on
"salvageable" injuries and especially those with the
greatest ecological functions at risk.

INITIAL RESPONSE PERIMETERS

After receiving inforination about a coral reel injury
and initiating response elements, a number of key
issues will need to be addressed, depending on the
cause of the injury and the availability of funding,
The initial response personnel will need to ensure
salety of the public, restrict natural resource damage.
identify the Responsible Party (RP), take enforcement
action against the RP, collect evidence, obtain any
necessary authorizations for emergency restoration
activities. carry out initial response activities, and
develop and implement a restoration/mitigation plan.

Problems may arise with these issues as a result of
overlapping NRT and/or public salety junisdictions. As
such, it is important in those injury events where ICS is
not usecl, 1o identify clearly for all involved the pnimary
NRT agency with enforcement authority who will take
enforcement action, issue authorizations, and, if
applicable, fund the required assessment and
emergency restoration aclivities.
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The frst NRT personnel to arrive at a injury

scene will have to quickly evaluate the impact site D Fishing Line

for potential hazards to response personnel and
to nearby natural resources. If you were the first
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?

INITIAL ENFORCEMENT AND
RESPONSE ACTIONS

The lead NRT with enforcenient responsibility will
need to establish the following regarding the mjury
scene and initiate the following actions which can
occur concurrently with the activation and deployment
of a Coral Reef CSl team to assess the injury and, -
where appropriale, to work with the lead NRT (o assist
in assessing the lollowing (Modified afier guidelines originally
developed by the Florida Departiment of Enviconmental

Protection, 2007 ).

1. Identification of the Cause of Injury

The lead NRT often is the final determinant in
identifying the cause of the injury; which itself is
critical to the team’s assessment process, Direct
observation of the incident is the most
straightforward method of determining the cause of
injury. As a result, NRTs must reimain alert in
natural resource monitoring, especially in areas
where coral reel” injuries have occurred in the past.
The general public also can and should be
encouraged (o report incidents when observed.
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D Fuel spill

rID Fuel Tanks
Ul A el - {2 Dispessents
D Relriclgerents
D Anchor Chain

D Fishing Gear

D Rotting Fish

D Broken Glass

Pop Quiz: Initial Site Hazards
Site/Incident Response Concerns
I:I Sewage
D Disease
D Corpses
EI Cleaning Chemicals D Currents
D Depth
D Scientific Gear D Weather
B Scientific Chemicals D Rope
L] Munitions
D Drugs

CI Solvents Onboard

Ij Lubricants

D Rotting Food

D Marine Life

D Sharp Metal

For unobserved events, many human-caused
mjuries generally leave distinct scars or other signs
mdicating the cause of the injury. Such injuries are
usually finite in area with distinet boundaries,
characterized by straight lines or a specific
directionality, distinetive grooves or markings, and
bottom paint, debris, and/or significant localized
structural injury. Compare this with storm injury,
which is usually widespread across the affected area.

. Identification of the Responsible Party (RP)

There are two basic types of RPs: those who are
known and those who are discovered. Known
RPs are those who have either reported an incident
themselves, or who were witnessed in the act of
injuring the reel’ resources and were reported 1o the

NRT.

Discovered RPs are those whose identity is
unknown at the time the mitial injury report is
received, but eventually becomes known through
the investigative and lorensic processes. Ofien a RP
is suspected prior to being formally identified;
under such circumstances the RP is referred (o as a
Potential Responsible Party (PRP). Injury
events where the RP remains unknown are often
referred to as orphan sites.
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3. Vessel Salvage

Ior 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 1s often the lead agency providing
support {or salvage operations (in the U.S. this is
usually handled by the US Coast Guard). Salvage
operations frequently result in additional {and
sometimes extensive) damage 1o coral reel
resources. These injuries often oceur in the area
immediately surrounding the grounded object but
can be minimized with the use of salvage
techniques developed to prevent injury to reef
resources and through careful review prior to
salvage by the NR'Is. The principal causes of
collateral injuries are dragging objects off the reel
instead of floating them off; the use of steel towing
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 ofl' of the grounded vessel
resulting in release o the environment; the
anchoring ol salvage equipment; and propwash
and surge, generated by tughoal 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 towing activities should be cenducted
at or near high tide to facilitate floating the vessel.
Before and during the extraction, global
positioning system (GPS}) coordinates at the bow
and stern of the vessel should be recorded o assist
with future injury assessment. GPS 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
outheund path for vessel extraction may also need
to be buoyed, to help avoid or identify injuries thal
may occur during the salvage operation.

4, Enforcement Action
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Enflorcement actions are the foundation for legal
cases involving human-caused reef injuries. The
issuance of a noncampliance letter, warning letter,
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 abject 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 natwral
resource enforcement and through NRT agencies
properly authorized hy law.

Evidence Collection

The timely collection of evidence and the
subsequent chain of custody are critical
components to building a solid case il an RP is
uncooperative, If criminal charges are levied against
the RP, or if there are disputes regarding the need
for, 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 reefl 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 with
appropriate safety standards.

The Coral Reef CS] team, with its mult-
disciplinary and multi-agency approach, including
cdivect interaction with both enforcement and
prosecutorial agencies, is well-suited for this role
(Modified afier Florida DEE 2007).
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SITE SECURITY ISSUES

For large field investigations, on-going response
activities, natural resource injury events involving loss
of human life, or injury events which pose a risk to
public salety, one might need to have multiple zones of
security surrouncling an injured area.

+ Zone |: This zone surrounds the impact
perimeter (and may also encompass all of the
event perimeter). Obviously, this zone will
expand and contract as conditions change and is
designed te move with the operation.
Enlorcement or Public Safety personnel provide
security (which often entails the use of vessels
and public notices), Access is monitored. Only
operational personnel are allowed within this
zone: mexlia, 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.
Media and non-NRT /other agencies allowed in
[or limited periods under escort, and with
permission of Incident Commandenr.

» Zone 31 Area nearby where the media can
operale or family members can gather if’ rescue
or recovery operations are involved.

DECONTAMINATION ISSUES

In many impact investigations invelving oil spills,
sewage, sedimentation events, and other chemical or
pollution release incidents {and 1o a lesser extent
mcidents involving fish kills or injured wildlife) it will
be important Jor all divers te go through a
decontamination procedure after exiting the water. In
some cases this may not be possible aboard the dive
platform and will need to be accomplished as soon as
the team gets 1o shore. In any case, efforts should be
macle to immediately wash down divers in their gear
with clean seawater or [reshwater, then serub down

Decontamination Gear For
Injury Investigations

The [ollowing represents basic decontamination gear
for clive platforms which can be used by surface support
personnel (o help decontaminate divers.

» Saltwater jor [reshwater) rinse capability: hose and
sprayer or buckels.

s [Sar drops, disinfectant wipes.

« Ireshwater serub-down wash (antibacterial soap and
light chlorine solution) and scruby 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 runofl (grey water)
could mtroduce chlorine into contact with sensitive
marine lifel. All dive gear should be removed
including suitsi and placed into storage bins or bags
{examples large, heavyweight plastic trash bags) where
they can be
further
soaked prior
10 being
rinsed again
and dried
aul.

Aller all
divers have
leen
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decontaminated, the surface technician (or others) who 5"“””““?(
were decontaminating the divers need to be _._h/
decontaminated themselves. The first NRTs at the scene need o assess salety

issues and the scale of the incident relative o
geography, habitats and time. In addition. a
variety of details regarding the injury, cause and
potential RP should be relayed o the responding
NRT and public safety agencies. If the incident is
ol large scale or meets regional eriteria. the
Incident Command System ([CS) should b
activated and control all response activities. Onee

again, il the meident is ol large scale, alfects a
wide variety ol resources, or meets regional
criteria. ecological wiage should he employed by

the appropriate NR'T,

NRTs should endeavor to assist, where
appropriate, enforcement actions resuling from
the mjury event. but only in a supportive and non-
enforcement role. based upon training and legal

authority.

TIME

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

I ‘Hald RP Accountable
\'ﬂ.l for Nutural Resource
Dunkige 11

pact _
e Activity | Puthway and | Operttions
'Qm o RP Muluuﬁl Ly p‘? |

Pre-Assessment
Avtivities

4 This Module represents
this point in the timeline.

Provide for Emergency Restoration Aclivities
| Provide for Restoration Avtivities
Miligation Activilies

Legal ar Other Dec sion-making Actions
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Conducting successful searches underwater
requires well-trained personnel, excellent swface
support, and a focus on team safety.

WHAT IS EVIDENCE AT RISK?

In many cases, field activities are conducted under
conditions where specific items, victims, or injuries
need to be determined through one or more

dedicaled searches. This is extremely time-sensitive as
underwater certain materials often weather or are bio-
eroded 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 by other user
groups. Spilled materials, organic materials, clead
material {and bodies) will all quackly change
unclerwater with conditions as listed above. Injured
organisms will often leave the area or be consumed by
predators. Damaged substrate will change as loose
sediment and rubble are moved by surge or currents,
and exposed substrate or damaged sessile organisims
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 injury event
itsell.

ORGANIZING A SEARCH

All available intelligence should be analyzed to narrow
the search area prior to initiation. Search teams need
to be experienced, having practiced the search type
being used previously prior to going into the fiekl.
Prior to initiating the search, all personnel should go
through a dry-run on land for boat) and discuss
contingency plans for various scenarios that might be
encountered. Hand signals, documentation, and
emergency procedures should all be discussed and
agreed to by all parties involved prior to initiation.

_/(Cy _7- etms

s FEvidence at Risk » Grid Search

* Sweep Search * Driangulation

o Strip Search

o Diver Propulsion Vehicle (DPV)

* Remotely Operated Vehicle
(ROV)

o Cirele Board
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RISK MANAGEMENT DURING A SEARCH

Conducting an underwater search is very dilferent front most types of assessment dives in that the aclivities are
ofien done under poor visibility condiiions and oflen the areas to be searched are extensive. TFor mest searches it is
important to have enough trained personnel and/or enough time to cover a search area completely and in a
methochcal manner. The imitations of SCUBA diving should be used to pre-plan ALL search components: it is
recommended that search dives involving free-swirmmning divers be limited to around 20 minutes based on work
load and stress levels (breathing eflects) alfecting most divers working in relatively shallow water reef
CNVITOIIMENLS,

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

surface 0 1.0 256 91 58 42 29
10 33 2.0 128 45 29 21 14
20 66 3.0 G4 30 19 [4 9
30 99 4.0 51 22 L4 10 7

Consider that work loads, stress, cold and the ability of the diver to stay locused over time all lend towarcls
minimizing individual diver bottom times. Add to this the realization that the slower rate of search is often more
productive and less prone to missing the search object.

If' the divers are going to be doing a bottom search or are conducting a search under low visibility or degraded
water quality conditions, divers should be wearing protective gloves (taped to the wetsuit if possible). Under such
condlitions, each diver should have a small secondary air source ii.e. Pony Bottlel.

SURFACE ASPECTS TO A SEARCH

In today’s world of GPS, it might seem out of place to try and pin-point locations for searches the old-fashioned
way, but if you only have one shot at an injury site and somehow your GPS isn't working correctly, wasn'
calibrated properly, or your batteries die and you lose all your stored locations, using triangulation as a back-up
makes a ol 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 all intersect at the spot which is your starting point.

‘." T Obviously, il one has a GPS you should
%, o ALSO record the latitude and longitucle afier
".. .,o" vou've calibrated the unit. Keep i mind that
“ R you might need o return to exact site of your
.-, ..". search if field conditions worsen, you need
*, ..°" more time, or to conduct other aspects ol the
LR investigation.

L) * ;
"‘:tnlIIIIIIIIIDIllIhllllIl‘llIll llll.ll...--.'_.c
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ORGANIZING A SEARCH

All available intelligence should be analyzed to narrow the search area prior to initiation. Search teams need 1o be
expenienced, having practiced the search type to be used previously before going into the field. Prior to nitiating
the search, all personnel should go through a dry-run on land (or boat) and discuss contingency plans lor various
scenarios that might be encountered. Hand signals, documentation, and emergency procedures should all be
discussed and agreed to by all parties involved prior to initiation,

VARIOUS OPTIONS FOR CONDUCTING UNDERWATER SEARCHES

When conducting search operations on the ocean, prime consicleration needs to be given for the safety ol the
in-water search team and the efficiency of the search method relative to the means, equipment and personnel
available. When confronted with a large scale disturbance, initial efforts should be made to search the greater
area from high elevation thelicopter, airplane, etc.} using visual (or hyperspectral) imagery if available.
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From the air, large scale search items can be discerned if
depth and water clarity are not an issue. Aerial swrveys
provide for searching extremely large areas (tens of
kilometers).

N
. S
Search via snorkel gea
earch via snorkel gear ' (

Searchvia i ey S
SCUBA gear ’{.-em)

-
h:.-ﬂ\) Search via DPV gear
. L

=

There are a variety of search techniques that can
be used in-water for inding physical evidence
undler a variety of environmental conditions t In
each case, specialized (raining and support is
needed in order to safely conduct these activities:
many of them require both specialized motorized
equipment and specific safety gear.

Once the search moves Lo in-walter activities,
a variety of options are available ranging
from a Remotely-Operated Vehicle (ROV) to
the use of divers and snorkelers swimming via
Diver Propulsion Vehicles (DPV], towboards,
or on their own power.

In order to maximize best use of himited time,
personnel, and equipment, along with
providing for a documentable investigative
approach, standardized search methods are
utilized regardless of whether the search is
being conducted by snorkeler or diver,
swimming unassisted or with aid of DPV or
towboard.

Remotely Operated Vehicles (ROVs) offer the abibity (o salely
explore ceep habitats repetitively. Initial costs are very expen-
sive, though nou-powered ‘Drop Cameras” which can be slowly
towed behind a boat may offer a lower-cost alternative. Both
have limitations m regards to evidence retrieval.

Towboards can be used
with both snorkelers ane
divers who, along with
the boat operators, have
undergone extensive
traimng, Towboards
offer a means to cover
large areas m limited
amowts of time and
can be rigged 1o both
record relative position
through GPS and
document the scene
with video orientated

farward or downward.

I Modified alter Becker, 2006. Most of these are modified afier establishe techniques developed lor single divers eperating uneler public

salety diving conditions and parameters.
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SWEEP SEARCHES

Sweep searches usually invelve a single diver attached to a tether which is tended
from shore by a tender operator. Both the tender and diver need to have
undergone specific professional training in this technique. Tt works best
immediately adjacent to a shoreline or structure. The diver is atlached to a strong
polypropylene line, starting from the shore and working outward in ever-
broadening ares. This method has the advantage ol being usable under zero-
visibility conditions with proper training,

STRIP SEARCHIS

One of the more common forms of searches conducted within coral reef habitats is the strip search,
members use a pre-cleterniined start point and compass heading and swim a pre-cetermined distance feither using
fixed points, timed swims, or surface communication associated with a surface float). Divers swim side-by-side,
with each diver searching off' to the side (perpendicular) of the swimming direction. When they reach the end of
one strip, they move to the next parallel strip and continue
in the opposite direction. This is repeated until the search

Team

pot i s o i W3 object is found, they reach the end of a predetermined

' . ¢ B ." distance or the limits of their dive time or safety
. 4 f_:' o . conditions. Il an object is found {or they need to stop the
' * ‘ * * search for other reasonsy, they should pop a numbered
4 3 : : ' Aoat to get a GPS position on.

] \: A

1 1 I ] F
. & I ' :
. ' %
' = ' 0 . Note: It is @nuqal.m_lmw surlace tender
d ‘: ! H ¥ monitoring the search divers at all times, How
f % 4 4 4 this is accomplished will depend on the type of
! 3 4 3 g search and the type of equipment being used.
. RS 8 ) '
1 n
' \

Search Pattern Technique for
Impact Perimeter

OGPS Point
The mosi elficient way of delineating a large area o
determine the impact perimeter is to use a modification of
the Strip Search technique, whereby the overall arca is
searched starting at a point known to be outside of the
impact area and moving in a set direction for a defined
distance, marking each time one meets a impact edge. Al
the end of the prescribed distance, the team maoves
perpendicular to the first search transect and repeats in the
return direction. At any point where the divers encounter
the edge of a damaged area they release a numbered pop
float that is used by a surface tender to take a GPS off of
{as shoton on the right). Divers and surface tenders both log
the numbers associated with the floats: divers will procluce
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a damage area sketch with numbers for each float location, while the surface tender will associate each number
witl a GPS location.

GRID SEARCHES

Grid searches can be done easily at two scales: for small P S 3L L
5 - L * ML S LK '*’ CIC T SR [, S
items one can use the quadrat employed for the REA it [ r ’ Yo
. . . : i L - [
dives: while for large areas, one can use underwater 180y ) e et i | t 3
transect reels, measuring lapes, or dive reels, along with & : * ¥ t *
some mechanism for securing the lines 1o the bottom and * i '.":"" s "" iRy e ‘
keeping them relatively straight. . ' D 1 :' ‘:‘ '
; L o N ' oy
Ior small items, lay ihe quaclrat down atop the area to be i;“ s 'Hﬁ-""'i' S e -
searched and slowly start al one square of the quadrat b g * = : &
i o 3 \ gl a : % A -
{upper left for example). Carelully feel all areas within the " i —_— ; L
_ . |
; 0 I
\ r.- .-*} - 'ﬁ::':'q ERC TR
Specific Gear for Search Activities . ¥ _-‘_ :
E - l' ,E ?I _]' i X b L4
* Binoculars. » Communications,
« Camera with Zoom. * Pop-float or Safety bounded square for the object, then move
. (3PS, Sausage. horizemtally to the next square and repeat. Once al)

the squares in the top row have been searched, repeat
for the next row down, and so -on until all squares in
the quadrat have been searched. At that point move

- 1 ~ -
« Notebook attached to * Attached Camera.

leg so can write sil- DPV:

ting down. . » . _ .
8 * Same as above. the quadrat to the next search site and begin again.
Surface Vessel: * Surface float with

lor larger areas you will need multiple clivers to lay

» Same as above; sub- GPS. _ ; . :
s : r down straight line transects along compass headings
stitilte waterproo . e . =T
e P SCUBA Swim: to form a large grid temporarily affixed to the
notelook, Ao ‘ .
« Sanie asalove. bottom. The lines should cross at set intervals and
create the equivalent of a large quadrat on the ocean
+ Underwater notebook, bott I 569
otton,

CIRCLE BOARD

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 driving a stake or rod into the
substrate. In either case, the anchor point needs to have
cither a swivel or eyelet on the free-end, to which is
attached a knotted rope with knots placed every 1 /4 or
172 meter. The submerged anchor point can be
documented through the release of a numbered surface
float that the surface support personnel will GPS. A
second numbered surface float can be released at the
exact site where the search object is discovered,
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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

———————
- -~

s N"\ heavy object onto the bottom at the stretched point of
S5 et T Mol TN the knotted rope where the first knot is relative to the
e . > ' . . . .
Pl el S ppable - e ", bottom substrate. The diver will then begin to swim in a
=T k. N ] = e & - . .
R L i clockwise direction, holding onto the first knot with his/
] : . & . . .
& K POLas S her left hand. This will result in the diver slowly
o i 2 v . . . 3
1 TRl SR : swimming in a 360 degree arc and ending up back at the
1 e .
P g A pole or heavy object that was placed on the bottom.
v b i \ ::_"';l'-::"' During this time the diver uses his/her right hand to
\ 1 Ealy ? D 3
o | DR continuously sweep inward towards the anchor point
A ~ o .
y . N . until he/she encounters the search object. Once a
3 . . q . » v
SN R T complete arc is acliueved the diver slides his left hand

. X S o = s
s z down (o the next outward knot, moves lo pole or heavy

. ~ . . L)
o g "Sa X object to directly beneath the stretched rope’s second
s knot, and repeats the operation. This continues until the
il S PSUPRRE S diver has reached the free end of the rope or the object is

found.

A TFew Final Words About Searches:

BCCQHSC 5(’,3[‘(‘]1(’:5 are one
of the few investigative
activities that often
require clivers to move
over broad areas, they
pose the greatest risk of

Surface View

separating the dive team
from the surface support.
Streams of bubbles and
surface snorkelers can
work to icdentify
submerged divers
locations in relatively
calm, clear conditions, but
often this is not the case.
One suggestion is to use
two surface support floats;
the first is anchored to the
start point of the search,
the second moves with
civers. This method has
the advantage of
provicling a surface floal
for attachment of a GPS {or other gear) to document the search locations and tracks, and providing a support for
ihe divers 10 conduct their safety stop or await pick-up il conditions (current, et} worsen.

Subsurface View
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Line Tender/Diver Hand Tug Signals

In situations of low visibility where a surlace tender is
controlling the movements of diver using a rope tether,
the following hand tug signals between diver and line
tencler may be uselul (once again, noting the need for
specialized training in this type of diving).
Line Tender to Diver:

I Tug: “Are you ok?”

2 Tugs: “Stop. Change direction. Take out line.”

3 Tugs: “Come to surface.”

4 Tugs: “Stop. Danger.”

Diver to Line Tender:
1 Tug: “OK.”
2 Tugs: “Need more line,”
3 Tugs: “Have located abject.”

4 Tugs: “Need help.”

Diver to Diver (requires hand to arm contact):
I Tug: “OK.”
2 Tugs: “Pattern completed.”™
3 Tugs: “Object found.”

4 Tugs: “Help™ or “Need Assistance”.

Modilied after: Professional Association of Diving
Instructors, Underwater Investigator, Handout No. 12

Another critical aspect is the need to constantly practice
coordinated search techniques both on [and {@bere} and
under controlled conditions undenvateridelore). Practice
sessions should include direct monitoring ol activities
(note divemasters directly monitoring searching divers)
and simulated dilficulties such as low visibility {note
taped masks) and underwater obstacles having to cut
through simulated
seaweedl to reach
a search object).

Remayal  Jmmediaely

of lmpact of Impaey

After
After Removal |Remuovid ol

This Module overlaps

l(l

with these stages during
an tmpact event and the

Impiset

tnvestigation.

o | Damage |

Regarding

Remava
Ceise Activity | Pthway dnd Gpeu!unni
Methodologs

At g if
| Mece: ary

Pre-Assessment
4l Activilies

_

Ini'
Invest

Investigation
Phases

Hold RP Accountable
for Raturs] Resource

Driynwage 1T
Appropriate

This Module represents

* this point in the tine-

Nalural Provide for Emergency Restoralion . wlivities

Resource |
Restoration

Pro cide for Restoration Activities

Phases

Mitigation Activities

Lezal or Other Decisic -making Actions
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ollection of é7uic{ence ?//na/e’zwate%

The marine environment, given its unigite
Ioman physiological constraints,
oceanographic processes and ecological
interactions, poses unique challenges for an
mvestigator seeking to collect evidence at an
jury seene.

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

1. TFollows a standardized collection/sampling
protocol.

2. TFully document presence at site, collection,
and rransport/handling,

+  Fertilizers (organophosphates)

3. Processing ol material follows proper and

docwnented laboratory methocls *  Heavy Metals (depleted uranium, etc)

4. Proper interpretation of data/results. ¢ Impact Fragrqents (paint chips, hull scrapes,
anchor pieces, ete)

Lack of “conflict-of-mmterest™ on the part of

the people collecting/ transporting/ analyzing

evidence or samples. +  Affected Wildlife (corals, algae. invertebrates,

fish, sea turtles, sea birds, etc.)

4]

+ ‘Stunning’ Poisons [cyanide, bleach, ete)

One of the most critical features to the collection of

evidence, samples, and possibly data, is following a In general. the specific materials that one collects

standardized “chain-of-custody™ procedure. unclerwater as evidence usually encompasses the
[ollowing fonce again, depending upon the type and
cause ol injury:

U NDERWATIER E\“)]\ CE ] 0 | *  Water (dissolved Oxygen, bacteria, chemicals,
elc)
If we think of a coral reel injury site as a crime scene, '

then there will be physical and other materials at the «  Silt (chemicals, fertilizers, heavy metals, etc)
site that can assist in either identifying a potential RP

or firmly connecting a potential RP to the injury itself.
As such, the types of evidence that one might consicler « Dead Marine Organisms (toxicology)
collecting underwater can be broken down into the
following categories {depending upon the type and

cause of injury:

Freshly Broken Coral

¢ 0j] Clumps and Samples (hydrocarbon
signatures)

«  Spilled Oil (hydrocarbons) »  Impact Fragments (paint chips, hull serapes,
anchor pieces, etc)

+  Chemical Waste (industrial)
+  Lost Tools (dive tools, masks. etc)

+  Sewage [enteric bacleria)

B-113



USGS

Gulko ¢ ol (20081 ICRI Coral Reef CS51 Toolkit

CILASS & INDIVIDUAL
CHARACTERISTICS

Once evidence 1s collected, it usually necds to be
analyzed at various levels through a process that
maintains chain-of-custocly at all times. At the
broadest level each evidence item can be analyzed
relative to its base characteristics:

+ Class Characteristics: physical qualities
shared by a group of like items. Examples of
class characteristics include the chemical
structure of a cyanide molecule, the tread

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

¢ Individual Characteristics: physical

qualities unigue to an individual evidence itemn.

This would be something that no other item in
its class shares with it. Examples of individual
characteristics include a fingerprint pattern, a
pattern of cuts and wear marks on the tread
patterns on a used pair of athletic shoes, the

-/(c).y j-e’m-ls

DNA code lor a
blood sample, the
striation marks on
a fired bullet, the
pattern of ejector,
extractor, breech
and fring-pin
marks on a fred
cartridge.

‘prints relative to an injury or impact
investigation:

» Class Characteristics » Splitting
* Individual Characteristics

o Chain-of-Custody

o Unknowon Sample

» Suspected Sauvee

« Control
* Match

* Nonmatch




