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Informative Figures & Tables

The following figures were created by Jennifer Lentz
and were used in Jennifer’s Dissertation:
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Ch istics of i ionall dified
T able 2 o 3 (p a g el 5) aracteristics of intentionally modified ecosystems

High natural resource extraction Large importation of non-solar energy
J A Lentz @ 2012 Short food chains Large importation of nutrient supplements
Food web simplification Convergent soil characteristics

Habitat homogeneity Modified hydrological cycles

Landscape homogeneity Reduced biotic & physical disturbance regimes

Heavy use of herbicides, pesticides, & insecticides Global mobility of people, goods, & services

« 0
Table 2'3 . Anthropogenlcally ”Induced Ecosystem side-effects of human activity
EnVlronmental Changes Habitat & species loss (including conservation areas)

Truncated ecological gradients

Reduced ecotones (transition zone between ecosystems)

“Note: the above table was adapted from Low alpha diversity
Tables 1, 2, and 3o0n pages 5459 and 5461 Of Loss of soil fauna
Western 2001”

Simplified predator—prey, herbivore—carnivore, & host—parasite networks
Low internal regulation of ecosystems due to loss of keystone agents
Side effects of fertilizers, pesticides, insecticides, & herbicides
Invasive nonindigenous species, especially weeds & pests
Proliferation of resistant strains of organism

New & virile infectious diseases

Genetic loss of wild & domestic species

Overharvesting of renewable natural resources

High soil surface exposure & elevated albedo

Accelerated erosion

Nutrient leaching & eutrophication

Pollution from domestic & commercial wastes

Ecological impact of toxins & carcinogenic emissions

Atmospheric & water pollution

Global changes in lithosphere, hydrosphere, atmosphere, & climate

Some ecological consequences of human activity on ecosystem processes
Ecosystem structure Low adaptability
Loss of biodiversity Ecosystem functions
Structural asymmetry & downsizing of communities High porosity of nutrients & sediments
Loss of keystone species and functional groups Loss of productivity
Ecosystem processes Loss of reflectance
Low internal regulation Global processes
i High resilience Atmospheric change
Western D (2001) Human-modified ecosystems Low resistance

and future evolution. PNAS 98:5458-5465 Low variability

Accelerated climatic change
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“Figure 3.1 Reef Zonation. (A) A side-view of some of the common types of reef zones found in the Caribbean. (B) A close-up of
the different types of wave energy generally found on either side of the reef crest. Note: this figure was adapted from the diagram
on the following website: http://media.beautifuloceans.com/coursei1/pic/1.1_CoralReef Zonation 800pix.jpg.”



http://media.beautifuloceans.com/course1/pic/1.1_CoralReef_Zonation_800pix.jpg
http://media.beautifuloceans.com/course1/pic/1.1_CoralReef_Zonation_800pix.jpg

Figure 3.2 (page 29)
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| Class Anthozoa |

T f
Exclusively polypoid life-cycles Altemate between polypoid & meduseid ife-cycles
Partitioned gastrovascular cavity that can be radially divided by septa Non-partitioned gastrovascular cavity
Gastrodenmis has both gametes & cnidocytes (specialized nematoecysts, or “stinging cells™) Gastrodenmis has neither gametes nor cnidocytes
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I |
Subclass Hexacorallia Subclass Octocorallia Subclass
(aka Alcyvonaria) Hydroidolina
| |
“Hydrocorals™
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Ahermatypic [non-reeﬂ_:ujldjng} & Hermatypic (reef-buldng) Corals Colonial polyps with 8-fold etry Solieary or Colonial Plype
Well dE"IEIFPEd skeletons Ahermatypic corals that lack a ngmd, permanent skeleton Hard, Calcareous Skeletom
1 ]
Order Anthoathecata

]

Stony Corals or Hard Corals | | |
P 5'15?\;;,: Suborder Suborder | Suborder Suborder Suborder Suborder Suborder
e : Stolonifera Capitata Filifera

| Order Aleyonacea |

| 1
| Order Antipatharia | | Order Scleractinia |
| I

Black Corals

Aleyoniina Calcaxonia| Holaxonia |Scleraxonia
| | | |
T'rue Soft Corals Telestaceans Family Family
. ; . Milleporidae Stylasteridae
i oy | |
Fire Corals Lace Corals
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& Mounding Corals
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Ll ool ;WT&ME: Sea Fans Sea Feathers Horny Corals|Organ-pips coral ".{..#‘p -;}3'*13,.?:;“—

Turbulent Branching Blade

&/or gorgonin (a complex protein) Nematocysts s
Often occur in '3‘15151"1'3.13 d a (stingmng cells) are less
fouling can cause a powerfil

depths > 30m : - 3 )
Orgarsi Pamful. Buming | causing only
sensation minor irtation

Colonial polyps.

\.} ; “uf ST b Solitary or skeleton made of calenumn carbonate Water

/

Boitle-Brush Fire Branching & Flower &
Black Carals Coral| Fleshy Corals  Pillar Corals Cup Corals

Colonial, ahermatypic | Predominantly, Hermatypic corals with extemal
corals with mtemal zkeletons made of calcium carbonate,
orangic skeletons, Photosynthetic symbiotic algae (zooxanthellae)
Found in Deep Water | Requinng Wanm, well-lit, Shallow Water (< 30m)
“Figure 3.2 Taxonomic classifications, characteristics, and depictions of common types of corals. Note: the above taxonomic
classifications and characteristics were based on the following sources: Lutz (1986); Fautin & Romano (1997,2000); Fautin et al.
(2000); Humann and Deloach (2002); Romano and Cairns (2002); Rose (2009); Sheppard et al. (2009); OBIS (2011). The
illustrations are from Humann & Deloach’s (2002) “Reef Coral Identification: Florida Caribbean Bahamas” book.”




“Figure 3.3 Coral reefs and the basic
anatomy of hermatypic corals. (A) An
example of a coral reef ecological
community. (B) This is a close-up of the
Montastrea cavernosa coral shown in A,
representing an individual coral colony.
(C) A close-up of M. cavernosa polyps
depicting the difference between the visual
appearance of an open polyp (right) and a
closed polyp (left). (D) A cross-sectional
diagram depicting the major anatomical
elements associated with scleractinian,
hermatypic corals. (E) Cross-sectional
diagram of the coral holobiont, depicting
the some common microbial inhabitants in (B) Individual Coral Colony

relation to the anatomy of a scleractinian
polyp. The microbes are not drawn to
scale. Note: the photograph shown in A
(and B) was taken in Puerto Rico by
NOAA’s Biogeography Team, Center for
Coastal Monitoring
(http://www8.nos.noaa.gov/biogeo_publ (E) Scleractinian Coral “Holobiont”
ic/habitat_photos.aspx). The photograph Snrfice Mucosal Mouth Seawater
of the M. cavernosa polyps shown in C was Layer (SML) :
taken by Steve Vollmer’s lab, and is
available online at: (C) Individual Coral Polyps

(A) Coral Reel Ecological Community
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figure in Veron (2000), and the diagram Closed Polyp openPolyps | I cremsic capin s = ", CacO;
shown in E was adapted from Figure 1, on o S L » 7 ©° Skeleton *°
page 356 of Rosenberg et al. (2007b).”
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Figure 3.4 (page 33)

Organisms that lack a nucleus or anv other tvpes of
membrane-bound organelles, and are usuallv unicellular.

e
Calia

Eukarvotes

Organisms that have cells with a nucleus (or nuclear envelope) containing genetic material.

Most eukarvotic cells also contain other types of membrane-bound organelles

i(such as mitochondria, chloroplasts, etc), & can be unicellular or multicellular.
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“Figure 3.4 Some of the organisms (both macro- and micro-) known to make up the coral Holobiont (Shashar et al. 1997; Baker
2003; Kellogg 2004; Wegley et al. 2004; Wilson et al. 2005; Beman et al. 2007; Rosenberg et al. 2007a; Siboni et al. 2008; Lins-de-
Barros et al. 2010; OBIS 2011). Note: the virus and endolithic algae images were taken from Figure 1 on page 147 of Rosenberg et

al. (2007b); all other images are from NOAA’s Coral Reef Information System (CoRIS) website (www.coris.noaa.gov/).”




Figure 35 (page 42)

Zooxanthellae Zooxanthellae Coral tissue is dead and the
in the coral tissue are expelled from underlying calcareous skeleton
the coral tissue is covered in filamentous algae

Prolonged Thermal Stre

Healthy E—"—'”‘“‘ /" Bleached Dt@ Dead
Coral m‘t Months | Coral ' Coral

Zooxanthellae
er Temperature Returns to 7 Coral Polyp

&y Filamentous Algae

“Figure 3.5 Diagram of thermal coral bleaching. Note: this diagram was
adapted from Figure 1.3 on page 7 of Marshall and Schuttenberg (2006).”

JA Lent, © 2012
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“Figure 3.6 Diagram of the potential responses of various types of reefs to sea-level rise.”




. JA Lo
Flgure 3.7/ (page58) Lentz g 20152

(B) Acropora cervicornis & Acropora prolifera
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“Figure 3.7 Time Series photographs depicting Caribbean Acropora species transitioning from healthy
corals to algal-dominated, reef ruble in San Cristobal, Puerto Rico. (A) Acropora palmata in 1999 and 2009.
(B) Acropora cervicornis and Acropora prolifera in 2001 and 2009. Note: the above figure was adapted from
Figure 2 on page 555 of Bourne et al. (2009) with photographs taken by Ernesto Weil.”




Figure 3. 8 (pages 60-61)
JA Lentz © 2012

Figure 3.8 “Diseases known to affect the Acropora
coral genus worldwide. The diseases shown on the top row
(A — C) are known to only Acropora corals world-wide;
while the diseases on the second row (D — E) appear to
only affect Caribbean Acropora species, and the diseases
on the bottom two rows (F — K) affect Acropora in the
Indo-Pacific. (A) Thermal Bleaching on A. millepora at the
Great Barrier Reef, Australia. (B) Growth Anomalies (GA)
on branching Acropora at the Great Barrier Reef,
Australia. (C) Skeletal Anomaly (SKA) on A. palmata. (D)
The two types of White-Band Disease (WBD), both
depicted on A. palmata; WBD Type I is depicted in D, and
WBD Type 11 is depicted in D,. (E) White-Pox Disease
(WPD or WPox), also known as Acroporid Serratiosis
(APS), on A. palmata. (F) Black-Band Disease (BBD) on
an Acropora species. (G) Brown-Band Disease on a
branching Acropora species at the Great Barrier Reef,
Australia. (H) Skeleton Eroding Band Disease (SEB) on A.
intermedia at the Great Barrier Reef, Australia. (I) White
Syndrome (WS) on a plating Acropora species at the Great
Barrier Reef, Australia. (J) Yellow-Band Disease (YBD) on
A. pharaonis. (K) BBD and SEB on the same colony of A.
muricata at the Great Barrier Reef, Australia. Note: the
above disease depictions were taken from the following
sources: (A) taken from Figure 2 on page 1361 of Jones et
al. (2008); (B,G,H, I) photos were taken by Betty Willis
and published in Figure 8 on page 183 of Harvell et al.
(2007); (C and D1) taken from Figure 3 on page 282 of
Sutherland et al. (2004); (D2, E) photos were taken by
Ernesto Weil and published in Figure 3 on page 178 of
Harvell et al. (2007); (F) taken from page 29 of Raymundo
et al. (2008); (J) taken from page 22 of Korrubel and Riegl
(1998); and (K) taken from Figure 4 on page 47 of Page
and Willis (2006).”

Reported Disease Digtribution

World-wide

Caribbean

(D) White-Band Disease (WED)

(D1) WBD Type I(WED I)

[

(D) WBD Type I (WED IT)

(E) White-Pox Disease (WFPD or WPox)
aka Acroporid Serratiogis (APS)
- - ) '; -




Table 3 o1 (pages 63)

JA Lentz © 2012

“Table 3.1 Important Medical Terminology
Related to Coral Diseases”

“Note: the above definitions were adapted
slightly from the 28t Edition of Stedman’s
Medical Dictionary (2006).”

Etiology
Histology

Histopathology
Hyperplasia
Hypertrophy
Infectious

Lesion

Necrosis

Neoplasia
Panzootic
Parasite

Pathogen
Opportuniziic P.

Pathology
Sign

Programmed cell death

A wastng of tissues, organs, or the entire body, a5 from dezth & reshsorption of cells, diminished
cellular proliferation, decressed cellular velume, pressure, ischemiz malnutrition, lessensd
fimetion, or hormonzl changes

A physiological self-protecting response of an organism to 2 hamful stimuli

The study of the distribution and determmants of health-related states or events i specified
mimal populations, and the application of this study to contrel hezlth problems

Motz: The term “Epidemiclegy™ should be used only when referrmg to human populations
The science and study of the canses of disease and thewr mode of operation

The science concemed with the mimute strueture of cells, tissues, & organs m relation to their
function

Science or study dealmg with the cytelogic & istelogic structurs of zbnormal or disezsed tissus
An mcrease m the number of normal cells m 2 tissue or organ, not dus to tumor formation
General merease m bulk or 2 part of an organ, not due to tumoer formation

A disease capable of beng transmitted from patient to patient, with or without 2ctial contact

A wound or mjury; 2 pathologic change i the tissues. One of the mdividuzl pomts or patches of
multifocal disease

Pathclogic death of one or more cells, or of 2 portion of issue or organ, resulting from irreversible
damage

The pathelogic process that results m the formation & growth of 2 neoplasm (tumor)
An epizootic cccurring on 2 glebal scale
An organism that lives on or m another & draws its nourishment therefrom

Any virus, microorganism, of other substanes causmg dizease

an organism that iz capable of cansing disease only when the host’s resistance is lowered
The form of medical science & specizlty practice concemed with gl aspects of disezse

Any sbnomeality mdicative of disease, discoversble on examimation of the patient; an ehjective
mdication of disease.
Wote: the term “symptom” refers to subjective mdications of dissase; consequently humans zrs
the only type of animal that has sympioms associated with 2 given disease.

Feactions of the body to forces of 2 deleterious natwe, mfections, & various abnormal states that
tend to disturb its normal physiclegic equilibrmm (homeostasis)

An event or zssociztion that triggers a stress response

Likelthood of zn mdividuzl to develop il effects from an extzmal agent




Table 3. 2 (pages 65)

JA Lentz © 2012

“Table 3.2 Comparing the
standard medical definitions of
“disease” and “syndrome” used

by the most common medical
dictionaries series both in print
(Stedman’s and Dorland’s) and
online (MedicineNet.com and
MedlinePlus.com).

Medical Dictionary

Disease

Syndrome

Stedman (2006)

Diotland (1994)

hedicmeNet (2011)

hedlinePlus (2003)

“l. An imterruption, cessation, or disorder of
abedy, system, of organ structure of
fimction. =vw illnesz, morbus, sickness.

2. A mothid entity ordmarily charscterized
by two or mere of the followmng criteriz:
recognized etiologic agent(s), identifisble
group of signs and symptems, or
consistent anatomic elterations.

ZE arzo syndrome” (page 330)

“mny deviztion from or mterruption of the
normal structure of function of v part,
organ, of svstem (or combination thereof)
of the body that iz manifestad by 2
characteristic set of symptoms and signs
and whose sticlegy, pathelogy, and
prognosis mzy be lmown or unlmewn.”

(page 478)

“Niness or sickmess often characterized by
typiczl patient problems (symptoms) and
physical fmdmgs (signs).”

“An mpzirment of the normal stzte of the
living animzl or plant body or one of its
parts that mterrupts or medifies the
performance of the witzl functions, is
typically manifested by distmguishing
signs and svmptoms, znd is 2 response to
environmentzl factors (25 malnutrition,
mdustrizl hazards, or climate), to specific
mfective agents (as worms, bacteria, of
viruses), to mherent defects of the organism
(zs genstic anomalies), of to combinations
of these factors : SICKNESS, ILLNESS
—czlled alzo mordus; compars HEALTH™

“Thiz word & not properly applied iv a
solitary sympiom orF sighn

The zggregate of symptoms and signs
zssocizted with any morbid process, together
constiniting the picture of the disease.

=E arzo diseaze” (page 1338)

“[2] z=t of symptoms which cecur togsther™

(page 1632)

“A zet of signs and svmptoms that tend to
oecur together and which reflect the presence
of 2 particular disezse of n moressed chanee
of developing 2 particular disegse™

“A group of signs and symptoms that occur
tegether and characterize a2 particular
shnormelity™




Figure 3.9 (pages 69-70)
JA Lentz © 2012

Figure 3.9 “Types of information that should be recorded
when describing disease lesions on corals in the field. Note:
this figure summarizes the information provided in Work
and Aeby’s (2006) Tables 1-2 and Figure 1 on pages 156-
157. The depictions of coral types shown in 1(a-e) are from
page 485 of Veron and Wallace (1984) and are available
online at:
http://biophysics.sbg.ac.at/coral/morfacro.htm; the
depiction of the “free-living” coral type shown in 1(f) was
taken from a Tiwan study that is available online at:
http://163.26.138.2/dyna/webs/index.php?account=admi
n&id=22&mod_area=15; the coral image used for 2(a-f),
3(a-d), and 8(a-k) was adapted from the Brain Coral
depicted on page 87 of Humann and Deloach (2002); and
last the images shown in 4-7 were taken from Figure 1 on
page 157 of Work and Aeby (2006).”

1. Describe what Tvpe of Coral is the lesion found on

Identify the general colony type zccording to its overall structure & if possible specify the Genus and species
e, R

- # s |
g (‘,—'.l_.

{a) Massive (b) Encrusting ({c) Laminar/Explanate {d) Corvmbose (&) BranchingFoliaceous'Arborascant () Free-Living

2. Describe Where the lesions are located on the colony

o= )

) v i 2

- ” A i
{a) Apical () Medial

-4 *91’ ‘-ﬂu’ -

{e) Basal {d) Central {e) Paripharal {f) Colony-wids

3. Describe the how the lesions are Distributed across the surface of the colony

: T, - ‘l.

L]
Pl A
{a) Focal {b) hMultifocal {e) Multifocal to Coalescing (d) Diffuse

4. Describe the appearance of the lesion Edges 5. Describe the appearance of the lesion M

RV VY s
{a) Smoocth  (b) Sarrated  (¢) Undulating {d) Serpiginous

O @ O

{a) Distinet {(b) Indistinct {e) Annular

6. Describe the Shape of the lesions

{f) Lanceolate

@ e} =

() Pyriform {d) Cruciform (&) Lin=ar

(a) Circular (b) Oblong

(g) Irregular

7. Describe any three-dimensional structure associated with the lesion (iz. the Ralisf of the lesion)

{e) Nodular (d) Exophytic {e) Fimbriated

[ o
{b) Bossalated

{a) Umbonata

8. Describe the Color of the lesion
o i 4_.- { ;_- i ;_‘ i ;_-

(a) White (b)Black (&) Tan (d)Brown ({e)Bad (f)Orangs (g) Yaellow (h) Graen (i) Blus

&4 o A N A

() Purple (k) Pink

o
[ ] o
L P A . ~ A

9, Describe the Size of the lesions 10. Describe the Number of lesions on the colony

{a) Small (b)Madium {c)Laree {d) Phvsical Measuremat (a) Small (b) Medium {c) Laree {d) Actual Count

13. Time (Rate of Lasion Onsat)
{a) Acuta (hours — days)

(b) Sub-Acut {wesks)

12. Lesion Extent (% of Surface Area Covarad)
(2) Mild (=20%)
(b) Moderate (21-30%)

11. Lesion Texture
{a) Rugosa
(b) Smooth

() Savara (> 30%) {¢) Chronic (months —vaars)

14. Tentative Categorization of Lesion . Structures of the Coral Affected by the Lesion

{a) TissuaLoss (b) Discoloration {c) Growth Anomaly {a) Polvp (b) Coenosarc  {c) Skelaton
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A “sea fan” coral An invasive A “branching” coral =~ A “brain” coral = A “branching” coral

(Gorgonia ventalina) “encrusting” coral (Acropora palmata) (Diploria (Acropora palmata)
with (Oculina patagonica) with labrinthiformis) with White Pox
Aspergillosis with Bacterial ~ White-Band Disease with White Plague Disease, also known as

Disease Bleaching Disease  Type II (WBD 1I) Disease, Type I Acroporid Serratiosis
R T - - k™ & Wil - r ey

e LA

Eﬁg‘ -_ '. 4

Coral Disease

Biotic Pathogen

Vibrio coralliilyticus Vibrio Aurantimonas Serratia
sydowii (depicted above) and carchariae coralicida marcescens
V. shiloi (not shown)

a Fungal pathogen «———  Bacterial pathogens
“Figure 3.10 The five coral diseases in which Koch’s postulates have been fulfilled, indicating

that each is a biotically induced disease caused by the microbial pathogen indicated below. Note:
this figure was adapted from Figure 3 on page 178 of Harvell et al. (2007).”




Table 3.3 page7s)

whether or not diseases cluster
distance scales of disease clusters
whether these clusters are real or just artifacts of high underlving population density
where clusters are occwrring
intensity and densitv information
spatial prevalence information
areas with high and/or low clustening levels
the presence of statistically significant clustering areas
« the ability to take spatial patterns and compare them to environmental factors
« the ability to integrate spatial models with mathematical and/or predictive models

. the ability to locate and investigate and protect areas with increased risk

“Table 3.3 Examples of types of information regarding coral epizootiology that can only be
attained using geospatial analysis.”




Educational & Informative
Figures & Tables

The following slides were created by Jennifer Lentz
and were used in her course notes and study g_uide =

other sources is cited



Factors, Processes, & Cycles

Factors Processes Cycles

Factor A,

> Process A
Factor A,
Factor B;

> Process B
Factor B,

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)

Cycle AB




Factors, Processes, & Cycles

Algal Blooms

Favorable Process Unfavorable
Factors Factors

Factor 1

Favorable water temperature

4 “

Factor 2 a ™ Factor &
actor
Plenty of Available Phosphorous (P
v & other nutrierrl)ts g Process | .. Sunlight limited
Algal Bloom reaching bayou due to
dense tree canopy

Factor 3 \ S

\. J

lack of toxic materials

Factor 4
Water turbidity is low

Flooding a soil or sediment system will cause anaerobic conditions to develop (lack of dissolved oxygen

due to oxygen being consumed by microbial respiration), yet you find a system where this is not true.
Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Factors, Processes, & Cycles

Anaerobic Processes

Favorable Process Unfavorable
Factors r Factors

1
(~ Factor 1 " Factor 4
temperature favorable Soil or sediment contains
pe] . L r ) #| little organic matter
for microbial activity P beach d
(O, consumption) Process o~ (&% e semel)
\ 2 J ’ . J
A number of {
p N anaerobic processes | - ~
are occurring N 5
Factor 2 3 )\ Factor
: : : : \ : :
inorganic nutrients are available \ high hydrologic energy
Y\ with waves & tides force
- g movement of oxygenated
Factor 3 water through soil
: : : : beach sand) matrix
flooding of soil or sediment is \ ( ) y
occurring

Establishment of an algae bloom when Phosphorous concentrations are above the “published”

critical concentrations for a bloom
Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Factors, Processes, & Cycles

Contamination Degradation

Favorable Process Unfavorable
Factors Factors

Factor 1
Available energy source for microbes - <
r ) Factor 5
Factor 2 Process Contaminant concentration
Adequate soil temperature for microbes Contaminant |[~77 77 is so high it is toxic to
Degradation microbes
r . y (ex. Creosote bush)
Factor 3 - J

other nutrients required for microbes
are available

Factor 4

Soil is drained & is thus oxidized
— favors greater microbial activity

Microbial Activity should degrade organic contaminant in soil
Creosote bush roots produce chemicals that inhibit the growth of other plants & are toxic to the subsurface microbes - Sterol sediment.

Thus, high toxicity prevents the degradation of organic contaminants by killing the microbes which would ordinarily have broken down the contaminants
Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Gas Exchange between Drained & Flooded Soils

) A" -~ |
FAHLRNCN
Metals ./-/7 \\‘; \ A
Sulfides A €O, CH,
& organic acids g gther gasses

Flooded

Adapted from Figure 6.1 on page 186 of Reddy & DeLaune (2008)




Hydrology (Sand Boils)

Stopbank Sand Boil

River levels

‘q ~‘L.. - W
A, --b"---}--"r-- = 4

--'h-..__',__..-r"-'
Hydraulic pressure

Adapted from the following Diagram:

.govt.nz/environmental-information/River-levels-&-rainfall /Flood-event-



http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/
http://www.ew.govt.nz/environmental-information/River-levels-&-rainfall/Flood-event-pages/Stopbank/

Dams (Unstratified vs Stratified Reservoirs) — blank

Unstratified Reservoir

Stratified Reservoir




Dams (Unstratified vs Stratified Reservoirs)

Unstratified Reservoir
Oxygenated T

Water

Dissolved
Oxygen
(DO)

l Reduced
Sediments

Anoxic Stratified Reservoir
“Tail Water”

with elevated
levels of reduced
Fe,Mn, S, &N "

species NH“%\ Qv
i , E— £
|"\‘\ Mn2+ H2S\ <
no Fe2+ -
X '\ W2

Fe2+ 1\1“2+

Sediments




4 Flood Sediment Drain Sediment
|

Basic Soil

8 10 12 14

Acidic Soil

<= Carbonic Acid (H,CO,) formed
because of increased microbial
activity due to the flood

Time

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




1 1 1 101 1 1 1 11T T 1
2 46 8 0 2 46 8 0 2 4 6 8

Dissolved Oxygen (DO) in parts per million (ppm)

A

= 0.4

4
10

| I I | T | —
0 2 46 8 0 2 46 & 0 2 4 6 8 0 2 4 6 8

Dissolved Oxygen (DO) in parts per million (ppm)

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Time

at a Later Time
(surface oxidized layer develops)

Fe2+

at Time zero
(reduced to surface)

Depth (cm)
Depth (cm)

<

€

> >
Iron Concentration

Iron Concentration

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Oxidized species present Eeduction Products already produced
None Oxygen zone vy.¢er (from Oy gen),
Nitrate zone (NOy) 2l water presentin a
flooded so1l, sediment,
etc. 15 directly from
recent oxidationof
organic matter by O,

116

Aanganic zone

Mitrate =i

Nitrogen Gas (N;)
(fromnitrate)

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Overview of a pH Measuring System

The Original Diagram My Adapted Version

+ 245 mv

Working Reference
Electrode Electrode Electrode
T

Elactrode

Ty

(

“Figure 1. OVERVIEW OF A pH MEASURING SYSTEM. The system consists of two electrodes that are
immersed in the sample and that are connected to one another through a meter. A. The concentration of
hydrogen ions in the solution is relatively low. B. A higher concentration of hydrogen ions leads to a change in
the voltage difference between the two electrodes.”

The original diagram is available online at:
http://matcmadison.edu/biotech /resources/methods/labManual /unit 2/exercise 5.htm



http://matcmadison.edu/biotech/resources/methods/labManual/unit_2/exercise_5.htm

Time (days)

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)



Upland vs. Coastal Soil Organic Matter
Sediment Depth Profiles

Coastal Soils (ex. Houma, LA) Upland Soils

Depth [ft)
Depth (ft)

4 b 8 10

6 8 10 | |
Organic Matter (%)

Organic Matter (%)

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Grain Size Classification

Fraction

Diameter (mm)

# Particles
Gram

Surface Area or (cm?)
Gram

Very Course Sand

2.0-1.0

90

11

Course Sand

1.0-0.5

720

23

Medium Sand

0.5-0.25

5,700

45

Fine Sand

0.25-0.10

46,000

91

Very Fine Sand

0.10 - 0.05

722,000

227

Silt

0.05-0.002

5,776,000

454

Clay

<0.002

90,260,853,000

8,000,000

Fine Clay

< 0.2 microns

?

?

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Productive Surface Soils (Microbial Population)

) # organisms
Organism :
gram of soil

(Table 1, Alexander)

Adapted from Dr. Gambrell’s 2009 course notes for
Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Wetland Chemical Cycle — Blank Diagram

-\-t‘.\j .1! /
2

Air

Water

Aerobic

£
~
L
=~
- |
~
-
5
N4

Anaerobic

< Reduced >

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)



Wetland Chemical Cycle — the Nitrogen Cycle

\U//2Z 2
'} / Z)

/ [ Fixation
7

1Kl

!

’ ',. (2b) Nitrification Algae
03 & N[O 2 Oxidation — 8 NHy" «— NH; «—Organic N

w\‘ gt <«—Organic N

/\ (31_*LSS£mﬂation

Anaerobic NO~x

.

5
o
S
O
&

(5)

Dinitrification

&« Reduced >

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)



Valance States

Valence States of ...
Copper (Cu) Sodium (Na) Aluminum (Al)

in its metallic state & as a solid in its metallic state & as a liquid in its metallic state

dissolved in water as a free dissolved in water as compounds in soils,
cation absorbed to clay minerals by sediments, plants, or water,
cation exchange reactions etc. is either free or bound
(complexed with organic matter) as compounds of trivalent
bound to another mineral forming Aluminum Chloride (AICl,)

a compound bound to sediment
bound to the following other organic matter

elements as a compound in its
divalent state (2+) L Sodium Chloride (NaCl or Na*Cl)

Copper Sulfate (CuSO,)
Copper Sulfide (CuS)
Copper Chloride (CuCl,)
Copper Carbonate (CuCos,)

bound to clay mineral
bound to sediment organic
matter

Multiple Valence States of Common Elements in the Atmosphere, Soils, Sediments, Water, & Living Organisms

Nitrogen N common valence states range from -3 in NH3, to +5 as in NOjy', & several other states forming compounds

Carbon C common valence states range from +2 to +4

Sulfur S common valence states range from +6 in S0,%;, to -2 as in Sulfide (%), & several other states in between

Iron Fe valence states in natural systems is usually +2 asin Fe?*, or +3 asin Fe3*

Manganese Mn | valence states in natural systems is usually +2 asin Mn?*, or +4 asin Mn**

Chromium Cr valence states in natural systems is usually +3 as in Cr3*, or +6 asin Cr°* such as Chromate, Cr,0,*

Arsenic As valence states in natural systems is usually +3 as in Arsenite (As3*), or +5 as in Arsenate (As>*), & others

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Iron (Fe) & Manganese (Mn) Chemistry

Amount of soluble Fe & Mn that can be generated in some sediments under
anaerobic or reducing conditions under a range of pH levels:

The Effect of Controlled pH & Redox Potential on The Effect of Controlled pH & Redox Potential on
Water Soluble Levels* of Iron in a Lab Microcosm Water Soluble Levels* of Manganese in a Lab Microcosm
Study of a Barataria Bay (LA) Sediment Slurry Study of a Barataria Bay (LA) Sediment Slurry

Oxidation-Reduction Conditions Oxidation-Reduction Conditions

pH Strongly Weakly Borderline Well pH Strongly Weakly Borderline Well
Reduced Reduced Oxidized Reduced Reduced Oxidized

5.0 . . 5.0 . 10.90
6.5 21.0 23.0 . 0.7 6.5 ) 10.38
8.0 0.4 0.2 . 0.2 8.0 0.20
* The original data reported concentrations in terms of micrograms of * The original data reported concentrations in terms of micrograms of
soluble elements per g of oven dry sediment solid equivalent. With an soluble elements per g of oven dry sediment solid equivalent. With an
approximate 8 to 1 ratio of water to oven dry sediment solids in this approximate 8 to 1 ratio of water to oven dry sediment solids in this study,
study, the report values have been divided by 8 to approximate the the report values have been divided by 8 to approximate the concentrations
concentrations on a micrograms per milliliter basis (ppm). on a micrograms per milliliter basis (ppm).

(from a Gambrell et al., report on redox chemistry of trace & toxic metals in dredged materials)

Adapted from Dr. Gambrell’s 2009 course notes for Biogeochemistry of Wetland Soils & Sediments (OCS 7165)




Radial Belt Transect

2a
€ -~ Stailess Siel Pipe

=
Rope marked off in lm increments

A

[_] ~PVC Pipe sunk mto the reef substrate

Figure 2. (a) Side-view of the Radial Belt Transect. (b) Anal view of the radial belt transect, the “line
tender” 18 shown holding the transect rope on the far right, the two samplers and the sampling area of shown
within the white region of the cucle. The transect was swum m a counter-clockwise direction, depicted by

the white arrows.

Reef Substrate

an original figure created by Jennifer Lentz



Radial Belt Transect — close-up of Side View

/Sta.inless Steel Pipe

Rope marked off in 1m increments

4dm

[—j ~PVC Pipe sunk into the reef substrate

Reef Substrate

an original figure created by Jennifer Lentz



Radial Belt Transect — close-up of Arial View

an original figure created by Jennifer Lentz



Microbial Studies of Coral Disease

Figure 2. (a) Apparently Healthy colony of M. faveolata
prior to sampling. (b) Healthy portion of the Diseased
colony of M. faveolata prior to sampling.

a e A et c BN d

Figure 4. (a) Hammernng the tube mnto the coral; (b) the 1.7cm diameter, 3 inch long stainless steel tube
used to core into the corals; (¢) place the coral sample mto a sterol, screw-caped. polypropylene tube;
(d) sealing the wholes with clay.

original figures created by Jennifer Lentz and using photos taken by Jennifer Lentz




Microbial Studies of Coral Disease

ImL 1mLk 1mL 1mL 1 mL

=

p—

-4

-

Figure 5. Senal dilution diagram. Figure 6. Spreading the 0.1 mL
Diagram adapted from Microbiological study dilutions (dilutions -2 through -7)
on white band disease fom M. faveolata by onto the agar plates using a sterilized

Beatriz Santamaria. W ;
glass spreader and a spimning wheel.

original figures created by Jennifer Lentz and using a photo taken by Jennifer Lentz



Microbial Studies of Coral Disease

.*t*’ Size . o..

Circular Rhizoid  Irregular  Filamentous  Spindle Pinpoint Small  Moderate Large

Margin . . . -_ k E Texture Smooth or rough

: — . Appearance Glistening (shiny) or dull
Entire  Undulate Lobate Curled Rhizoid Filamentous Pigmentation Nonpigmented (cream, tan, white)
Elevation — P N ‘ Pigmented (purple, red, yellow)
Flat Raised  Corvex  Pulvinate  Umbonate Optical property  Opaque, translucent, transparent

Figure 7. Microbial colony characterization under the compound microscope.

Figure 8. The above pictures (taken from www.biolog.com) show the process of moculating the
MicroArray (a), then reading the results of each plate (b), and last a screen capture of the biolog computer
software (¢) m which the microarray results are entered and possible bacterial matches are found.

figures created by Jennifer Lentz




Techniques for Quantifying the Amount & Rate of Tissue Loss
Caused by Coral Disease

.-nm\m[“‘
) Ui

o
il 11I\1|l|||1|‘;.

i sl
l'(l [ AR A RATIEE

il
1111111111

11 + 69 + 57 + 51 = 188 mm linear distance of spread for 8-6-2002

Figure 1. This figure shows the direction from the nail, in which disease spread was measured for each
image. The base of the nail is marked with a red circle, and the red arrow indicated both the direction
and the distance measured. The image shown in this figure was from 8-6-2002, and the amount of
disease spread measured for each nail is shown in yellow. The calculation for distance spread for this
image is shown in yellow in the bottom left corner of the figure.

An original figure created by Jennifer Lentz and using a photo taken by Jennifer Lentz




Techniques for Quantifying the Amount & Rate of Tissue Loss
Caused by Coral Disease
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An original figure created by Jennifer Lentz and using a photo taken by Jennifer Lentz




Techniques for Quantifying the Amount & Rate of Tissue Loss
Caused by Coral Disease

Fi

Figure 3. This figure shows how Imagel software was used to estimate the surface area of the
disease in each image. The above image is from 8-6-2002, and had a diseased surface area of
303.59 cm”.

An original figure created by Jennifer Lentz and using a photo taken by Jennifer Lentz




Simple Model
Temperature
I

Acropora
Healthy

......Q............
W An original figure created by Jennifer Lentz




‘/‘\J 0 Lo
Temperature :Qg& More Realistic Model

Chlorophyl

Acropora *
Healthy

An original figure created by Jennifer Lentz




Black-Band Disease (BBD)

Phormidium (cyanobacteria)

ury) W | ~

: Microbial

Beggiatoa / : BBD Mat

Coral Tissue

Coral skeleton

Figure 3. Stylistic cross-section of the dominant microbes of the microbial consortium making up the
BBD mat. Note: this diagram is not done to scale. (Lentz 2006, unpublished)

original figure created by Jennifer Lentz




Educational Slides

from Lectures

The following slides were created by Jennifer Lentz

and were used in lectures gi

from other sources is cited



Introduction to Coral Reefs

Key for coral reef habitat

1 black-capped petrel

2 sea nettle

3 angelfish

4 lobed corals

5 sea whips and soft corals
6 triggerfish

7 sea fans

8 tube anemone

9 orange stone coral

10 bryozoans

11 brain coral

12 butterfly fish

13 meray eel

14 cleaner fish

15 tube corals

Jennifer Lentz Coral Reef Ecology

16 muricid snail

17 nudibranch

18 sponges

19 colonial tunicaie
20 giant clam

21 purple pseudochromid fish
22 cobalt sea star

23 soft corals

24 barber pole shrimp
25 sea anemones

26 clown fish

27 worm tubes

28 cowrie

29 sea fan

52



“Coral Reets”

Geologic Context

((’é’ei‘CO:;) skellet‘@jn

.-{) ‘.\“\f“ f

"’f \ __‘p‘

Jennifer Lentz Coral Reef Ecology



radial symmelry
diploblastic
(two garm layers)

multiceliularity

(Mader 2001; @ Ancestal protsts

Fig. 21.1; p. 260)

protosiomes deuterasiomes
(first embryonic (second embryanic
opening s moulh) opaning is mouth)

coelomales
(bedy cavity complhetely
lined by mesoderm)

pseudocoelomates
(body cavily not complately
linad by mesaderm)

bilateral symmetry
triploblastic
(threa germ layars)

Flanes of symmlryi




Biological Context of Reefs

> Life Cycle is 1 to 2 Phases

- ManY have 1 phase
(Polyp or Medusa)

medusa
budding

mesoglea — /

gastrovascular cavity

‘ i /)
P - lgntacle ——— ==
mouth ——
masoglea / L::,l
sperm '
eqe

o e ]
polyp zygote fortilization ]|

- When both are present...
Phase 1= Polyp (asexual phase)
Phase 2= Medusa (sexual phase)

D=0

o Class Anthozoa: Anthozoa Hydrozoa Scyphozog

« Sea Anemones: solitary polyps (m eIy eI True Jellyfish
- Corals: colonial polyps (usually) — -

o Class Hydrozoa:

- Jellyfish with colonial pol
free-swimming medusae{aﬁases

- ex. Obelia & Portuguese man-of-war

o Class Scyphozoa:
* True Jellyfish: small polyp (Fhase 1)

& large, pronounced medusa (pase 2)

_'omai polyps  smallpolyp with
th free—smmxmng large, pronounced
medusa phases medusa phases

(Mader 2001; Fig. 21.4; p. 266)
Jennifer Lentz Coral Reef Ecology ' 55



Basic Coral Biology

7 Polyp
/i 4 4
5 :'; o ‘?—- l’} ey
rE A -
{ : EW y Tenlacle
'L - &
(Y
(1 k £ i ,,Jp‘f : Corallite
Y, e A Septum
. Mouth Cenosarc \
%,
2% /1 '
* ' SO
g q \ /it
AL POLYP TISSUE Gut (REEVE)
coR | cavity e L {1
I .:'|' il:j
eft: Fig. 5.12,p.136;
respirabor A
- - ) 0@

B 56



Biological Context of Reefs
The Biology, Reproduction, & overall Life Cycle of Corals

Sexual or Asexual
Reproduction

Tentacle

Mouth

Gastrovascular
cavity

Free-Swimming
Larval Stage

Jennifer Lentz Coral Reef Ecology



- t Y Floating eggs form slicks on 3he surface
B 1 ()1 O 1 C al : s and drift with currents for 4-5 days
g i % 1: ﬂ' 4
. ]
=

&

C O nteXt Of . ,- Y g 5 Development of zygote

progressive cleavage

Cell division begins (93 £:10 hours
ee S 1-2 hours after TPw
st spawning (¢ ‘L‘[lt;-
i by A O p e
l h P Ly “3; === develops and drifts
P e +- . dnft with currents
Coral Growth & | #w.. | )
O B . W EL Y
ed on this et .
Reproduction fSedonthis Planulae begin
- searching for a
Q2 . Pt \ suitable substrate

Planulae larvae

{,f{- to settle on

 This figure depicts | g5
Coral Reproductionby I8 "« ¢ & A W/l
a Broadcast Spawner R ? e

' ! ' = o N :'-.‘;J‘.‘_-' ; :

|3 . Y ; fha. o i 3 * - w:tﬁ' £ N ’
¢ C : 1‘! \ 159 . ! 4‘

RN R | " Planulae settle _‘,V

* 4 or more days " ¢

Corals need a hard

after spawning *

a1

substrate to attachto R %/ 4 = i
A Vi&-j';_‘;’, (o Colony may take oy
. j L2 - 4-5 years to Lk
. . : b L sexually mature Polyp begins
Grow in direction of | 4 £ R o,
current/wave action N ey "" /f_ g /1 askeleton
8 (o ST SRS Sl
e s S Ja
% o o)) ~Y ) e, \ Colony begins

= 1o grow through

Synchronous release of sperm and egg bundles polyp buddine

Jennifer Lentz which quickly rise to the surface



Biological Context of Reets

Coral Morphologies

Columnar -_{

Massive - o4 ==— Platelike

-
Encrusling ‘;l”‘ (\/:-_;'/H \:‘;
' A
"\ Foliaceous \Free living

« Massive ¢ Branching ¢ Free-living ¢« Columnar
* Encrusting « Foliaceous ¢ Platelike

Jennifer Lentz Coral Reef Ecology ' _ 59



Biological Context of Reets

Geographic Distribution & Diversity of Corals

Jennifer Lentz Coral Reef Ecology



Geological Context of Reefs

Thery of
Subsidence
of Atolls
and Coral Reefs

On leaving the Cocos Islands on the 12th April 1836, Charles
Darwin wrote, "I am glad we had visited these islands, such
formations surely rank amongst the wonderful objects of this
world, We feel surprise when travellers tell us of the vast
dimensions of the Pyramids and other ruins, but how utterly
insignificant are the greatest of these when compared to these
mountains of stone accumulated by the agency of various
minute and tender animals! This is a wonder which does not at
first strike the eye of the body, but after reflection, the eye of
reason.”

— e e

I 25T D ol Filing iy 3mg &% Nl
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Geological Context of Reefs

Types & Evolution of Coral Reefs

/_/ R | -
r
E pd \ 7 4
D o AR
Wl coc vl LR / Lagoon
0oL 4 Lagoon
— =
c
= o
3
u v
)] Fringing reef Barrier reef Atoll
of coral Lagoon of coral

W

i
Subsidence ! Subsuﬂence

Fringing reef Barrier reef Atoll

Limestone
.‘ “- -
X ,ﬂ

Sediment
Jennifer Lentz Coral Reef Ecology 62

Subsmdence

EVOLUTION
OF CORAL REEFS




Geological Context of Reefs

Types & Evolution of Coral Reefs

o Fringing Reefs
» Cling to land
e Areas with low rainfall & clear water

VOLCAMNIL ILAND

o Barrier Reef
« Separated from land by a lagoon

« Great Barrier Reef is the largest structure
made by living organism (135,000 mi?)

o Atolls

» Ring-shaped island of coral reefs
surrounding a lagoon

« Formation: Volcano - Fringing reef

- Barrier reef = Atoll

« > 1000 feet of coral fragments beneath
present reefs

CORmAL REEF LALOOM

VLHMCANIC FLAES

g D
@ . © 9

\W W . #ﬁ
st St

XAl

Jennifer Lentz Coral Reef Ecology - ¢ Tackett 2002:p.31)  ©3




Geological Context of Reefs

-
-

Types & Evolution of Coral Reefs | |

o Spur & Groove
Formations

« Adaptationto
Wave Energy &

Currents

* Mechanism for

Sediment Removal

during storms
70 b L] 4 w}:' .:-':.;.' .
toray -

(Madl2005;Fig. 9.8)

Jennifer Lentz Coral Reef Ecology - 64



Black Band Disease
(BBD)

pdacy

=
=
=
=
-

. Vibrio (fermentor)

Desulfovibrio Anoxic

l Coral skeleton

Stylistic cross-section of the dominant microbes of the microbial consortium
making up the BBD mat. Note: thisdiagram is not done to scale.
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