Forensic Phycology

CSI:

AAlgae are useful tools in CRINE SCEE IWESTIGHTON . !
forensic sciences (
pe
 soF T
AAlgae can be used as T

evidence by the defense or
the prosecutor to convict or
acquit the accused

AWe will study two real cases
that used algae as legal
evidence in court




CASE STUDY 1

AA body of a woman was found face down
floating in a river

APostmortem found the death to be Jiuitee & ‘M";’”f”/f’!

|
|

suspicious

ADeath was ruled as drowning due to
homicide

AA suspect was identified

AA key aspect of the investigation was the
precise site of drowning

ASamples were taken from Y i
V 12 sites along the river including the , N o meresso
body recovery site
V Lung fluid

V Clothing belonging to the accused e
(tralnlng Shoe’ SOCkS’ T-Sh”’t) Wi Wear D Urban area




Results

Phycoloqgical results:

299 species of diatoms were identified from the river

Miatom density and distribution fit into 3 zones (I, Il and 111)
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FIG. 2—Unconstrained cluster analvsis based on unweighted Euclidean distance of diatom assemblages from Case Study 1 (only spectes greater than 5% are shown).

I: In-channel

ll: river bank

[1I: Shallow
water



Comparison between diatoms from control samples vs. lung fluid and clothing:

ALung fluid, training shoe, and T-shirt diatoms matches GMO05 point, the body
recovery site: C. placentula var. euglypta, Melosira vartians, and Navicula radiosa

ASock diatoms match GMO02 point, a ramp adjacent to the body recovery site: low in
N. radiosa, but high in C. placentula var. euglypta
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FIG. 2—Unconstrained cluster analysis based on unweighted Euclidean distance of diatom assemblages from Case Study 1 (only species greater than 5% are shown).




What do you think?
Is this man guilty or innocent?

Why?



CASE STUDY 2

AThe body of a boy was found face down floating in a pond

APostmortem found the death as a result of cold water immersion

ADeath was ruled as drowning and not suspicious

AThe case was reopened-may have been homicide by

Alt was suggested that the drowning took place in a domestic bath and the body
subsequently placed in the pond

ASamples were taken from: 4 transects along the pond, the center of the pond, and
lung tissue

Transect 4

SAM14 @ 12m

SAM%{ Transect 1

Organic mud ~ Transect 3 ®gjjee 7
and vegetation

Liner and gravel chips

with vegetation




Results

Phycoloqgical results:

A37 species of diatoms were identified from the pond

AThe dominant diatom species include Achnanthes lanceolata,
A. hungarica, and Navicula cryptocephala

ADiatom density and distribution fit into 2 zones (I and 1)
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Comparison between diatoms from control samples vs. lung tissue and clothing:

ADiatom flora from lungs comprises many species also found in the pond

AThe habitat preferences of the diatoms found in the lungs are: eutrophic-
mesotrophic, prone to frequent desiccation, and with changes in water depth

ALung diatoms match , from the edge of one of the pond transects

Transect 4
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What do you think?
Is this mother guilty or innocent?
Why?



VERIDICTS

Conclusions for Case Study 1.: G U I LTY

AThe diatom analysis suggested strong similarities between lung from the victim and
clothing samples from the accused, and control samples from shallow water habitats

AThese evidence placed the accused at the same site of the crime
ADiatom samples also implied that the site of drowning was at the body recovery site

AThese and other pieces of evidence assisted in the conviction of a man for murder

Conclusions for Case Study 2: I N N OC E NT

ADi atom flora analysis suggested that di
significantly similar to diatoms from the pond

AThus indicating that the pond was the location of the drowning

AThis was an essential piece of evidence in the acquittal of the accused woman of
drowning the boy in a bathtub



Diatoms are excellent subjects for forensic analysis

However, one serious limitations is the lack of well trained
experts in diatom identification!

Thus, we need to be better



CHROMALVEOLATES

CHROMISTA

Photosynthetic Haptophytes Apicomplexans
Stramenopiles

& Oomyceté\

Ciliates
Cryptophytes

RED ALGAL
SECONDARY

ENDOSYMBIOSIS




Stramenopiles are here

Ay,

Olagy Chromalveolata

Rhizaria Coy,

Metazo,

omonada ~ ~ Parabasalia

Mesomycelozod
fund!

fpisthokonta

Excavata

You are here!

Amoebozoa




Who are the Stramenopiles?

AThey are a diverse assemblage of protists forming a monophyletic group
based on DNA analyses

AThis group comprises: the Photosynthetic Stramenopiles or PS, as well as
non photosynthetic organisms such as the Oomycetes, Thraustochytrids,
Labyrinthulids, and Bicoecids

Arheir closest algal relative is Haptophyta (Coccolithophorids)

All Stramenopiles have in common the
tripartite hairs on their flagella
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Flagella are heterokont:

Aone long, forward-directed bearing two
rows of stiff, three-parted hairs

Aone shorter, smooth flagellum often with
a flagellar swelling
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Photosynthetic Stramenopiles

a.k.a. Ochrophyta, Heterokontophytes, Chromophytes, or Chrysophytes




PS ardhe result of a seconds A

endosymbiosis

Ancestral red algae are
represented as plastiosPS

PS isa monophyletic group

They are related to the
Oomycetes, a group originall
treated as fungi

Altogether they form the
STREMANOPILES with the
common feature of the
tripartite hairs

Eukaryote S - Cyanobacterium
/'\

L -

Glaucocystophyta
/.Q/ » &

&

Primary g
?:g;hl h
oro a
é% (GreenF:\!g{te) « & @

B

Rhodophyta
(Red Algae)

=

Chlorarachmophyta

"

Euglenophyta N
Haptophyta

(Coocollthophids)

4

f%[
l?

\w*

m} F*?

)

(@) Tertlary
ptophvla
200
Chl.a,b& | Chl.a,c &

Chl.a,c &
Carotene ' Peridinin ! Fucoxanthin
Dinophyta

@ Nucleomorph

@ Mitochondrion
@@ Plastid - 2 memb.
& Plastid - 3 memb.
@& Plastid - 4 memb.

Aplcomplexa

Modified from Delwiche, CF. 1999, Tracing the thread of plastid diversity through the tapestry of life. Am. Nat. 154:5164-5177,



Characteristics of thePS

The main features of tHeS are

1. Algae with chlorophyla & c
2. Heterokonftflagella

Heterokont: one smooth
flagellum and one flagellum wit
tripartite hairs

FeimE




PS alsohave:

A0 Beta1,3-linked polymer as
principal reservedhrysolaminarin
or laminarin

BSometimeducoxanthine

AChloroplastPER withthylakoids
stacked in three &irdle lamella

ACell covering is diverse from
naked, siliceous scaldsricae or
typical cell walls

Aviorphologically diverse, from
unicellularto parenchymatic




Chloroplast with thylakoids

PER membranes )
stacked in threes
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Girdle lamella



PS have morehan 250 genera and >10,000 species

Macillariophycea®r Diatoms

ARaphidophyceans
AChrysophyceaer Golden Algae
ASynurophyceae

A ustigmatophyceans
Aelagophyceans
ASilicoflagellates

Medinellids

Aribophyceae

Ahaeophyceaar Brown Algae

And many many many




DIATOMS

Or Bacillariophyceae

Kieselalgen = glass algae



Diatoms

AFW and marine
/80,000 or more species?
Aenthic andblanktonic
marine diatoms > 25% of the
wor|l dos t ot al
AUnicells, filamentous chains,
small colonies
ASilica (glass) walls ofrustule
ASome are motile by gliding
ASome with flagellated stages
AStorage compounds:
chrysolaminarirand oll
AChlorophyll a &c, and
Fucoxanthin
Miatoms are diploid (2n) 1!

About 25

T‘"‘?“sg EXAMPLE DIATOMS

Chain of cells

Cells close-up



Morphology

Girdle View
Epitheca

Hypotheca

Valve View

raphe
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Diatom taxonomy is based on
valve structure and markings:
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costge): ribs or thickenings appearing as
double lines

Areola(e): large pordike structures or cavities

Raphe a nAVO shaped groo
valve surface

Stria(e) delicate, long, lindilke markings

Stauros central nodule appear as a cross

Puncta(e): Minute pores or dots

Pseudoraphe A clear axial line w/o markings

appearing as a raphe

Polar nodules polar wall thickenings

Central nodule: central wall thickening

Hyaline rays or fields. areas w/o markings

Keel: wing-like structures

Process any structure projecting as a spine




Diatom morphology can sometimes change
markedly with size

Initial cells are almostisopolar
and often slightly dorsiventral;
heteropolarity is much more
marked in small cells
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Gomphonema parvulum
var. parvulumfo. parvulum

1l B
| -
-
-
-
-
-
B
s
—
—
.
i
-
.
{

10mmn

/;posite ends of the
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(micrographs courtesy of Dawn RoselNHM; Slide nam
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Gomphonema gracile



Morphology: Unicells, filamentous chains, small colonies



