Population &rowth of Phytoplankton

| Pop growth = rate of new cell production - rate of
- cell loss (sedimentation/sinking + grazing)

Grazers

*Floating and sinking Herbivores reduce phyto pops by...

*zrazing

5

Suspension Teeding (Tilter water)

"Direct feeding

Phyto defenses:

*May remove size specific individuals

o Increase rates of pmducﬁ-::un *May remove less resistant Phyto species - non-toxic
spp

9 Mumlﬂgﬂ sheaths *Results in patchy distributions

o Thick walls Grazers may also 4 Phyto pops by releasing

nutrients through excretion (positive effect)

o Hard external coverings

o Spines are more Tor buoyancy but could alse protect

o Form colonies (become foo large for some zooplankton fo
handle

o Chemical deterrents (toxic species)



Phytoplankton Production: Distribution and Variability

1. Masor botiorm-up factors affectng pnmary producton/biomass
emperaiure
nutrients
gt (doed, seasonal, latibede, miang)

2. Spatsal
gepth, on-off shore (coastalicigotrophic), mesoscals (ex. eades], global
imeridicnal)

3. Temnporal
day {dief)
seasona jannual)
nier-annual (=2 El Ning)
decadal (ex. PDO) Foprps
giacial {ex. Méankowich cycses)
epach

Light
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» Compensation depth = depth at which photosynthesis is equal to
respiration (net production = 0)



Nutrients

‘Major factor limiting new cell production (especially N,
Fe)

‘Mutrient Sources:
'Rivers, streams, and agriculture (runoff)
‘Upwelling
‘Recycling (messy eaters)
vAtmosphere (CO,. M)

‘MNutrient uptake:
»Advantage of small size

'Simple dif fusion ta @imnly nutriente and remove wastes -
large SA/V ratio

El Nino / La Nina

El Kino / La KMina influence on
nutrients:

* El Mino - Warm water blocks
upwelling of nutrient - lowers
phytoplankton abundance

* La Nina - surfoce waters cool,
bringing cold nutrient rich water
to surtace {upwelling) - raises
phyteplankten abundance

La Nina

Mutrient limitation of phytoplankton
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Slze is relevant to
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Control:
- bottom-up (nutrients)
- top-down (grazers)

CO2

£as

Dissolved

[norganic

COz, NOs,
POs, Fe

-lo--

microbial loop

L

Respiration

External source

by upwelling
and mixing
of deep waters

NQo, PO+

“food chain”
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|J—3 - Diagrammaltic procedures for snmpling and subsequent treatment of phytoplankton.,

Cell volumes
Wet or dry weights
Volume estimate
Pigment extraction
and ehlorophyll estimation
Chromatngraphic
separation of pigments
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Cell counits ,.__Ll
{inverted

micrnscope) %\

Phytoplankton
methods:

Scttling in
Lagol's iodine
Culture conmt Titration for O,
an agar plates or radiation
connt far "¢

A) quantitative
B) qualitative

L] U E—
Filiration or ' Coneentrated ‘

Uneconcentrated [ﬂﬁ'ﬁ_‘!
g ¢ ey samiple ~ A ) et e
centrifugation [ | B 1

) sample

Tnealtion in
-L_ comntrolled
o /Cl)l‘ll“lill“!
/"T‘ .t
AP \ Autoradiographic
&, teehnigues for eell

lizxation of carbon

|

Ineuliation
in hahitat

O B Biomass as:
... -Chla
1A ~ -cell number L1
‘ Vertical haul : freaksiton - bi0V0|ume

trize :1t.-.|- : 1" - 1 [’j_— _i
Morbromtal bl = - FW, DW

/ e - Total C (or N or P)
o - ATP

|
Weielited Water hottle
tube

Microscopic
identification

ST e

Continuois
- planktan
sampler

Water pump \




.;1;._-':% L:I. lu;q-ﬂ_.ﬁl- g r—n_ﬂ'-._,fl.,-_-

ap B, : -
=+ ‘F- - B i‘ _,

i J._IJ.—;"
.

- net (100, 50, 20 ym mesh)
- bottle, Niskin bottle, rosette (1-5- 12 L)
- continuos sampler

CTD - Multiparametrid'éensors _
(T, 02, Conductlwty, pH PPFD, ect) :

e .,-_-

Fractloriaﬁﬁn and concentrattoﬁ = i

'-—._ _‘,,.-r.r‘_

A) Fresh samples _for biomass, prlmary""‘
~production, cultures e s e
B) Fixed samples (Lugol's solution) ~  :{ N TR e e
in sedimentation cylinderand . & ¥ ‘}blhﬂ*’%f'*ﬁ‘rjﬁﬁ;- .

vl
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chamber for cell counts S G W e
C) Fixed samples (formaldehyde, TSP L SR

glutaraldehyde) for cell

characterization
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Phytoplankton Biomass

Chlorophyll a —mazst abundant phyioplankion pigment
-present m all caygenic phyioplankton
-two strong absorption bands (Soret - blue & Q. - red band), reflected
light i= green
-zirong fluorescencs at ~830nm (red)
-zan be measuwred remaotely, 0 Sify, or extracted
-sensitve, smple, rapid

absorpton



Phytoplankton Biomass

1: Quantfyng Phyioplankion Baomass
a. carbon {mtrogen, phosphorous, etc.)
-‘dead” carbon > bve carbon
-wiat fraction = phytopiankton specific?
b. counbng cells (microscope, fiow cytomeiny)
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2: Identifying species
- LM microscopy (bright field, phase contrast, fluorescence)
- electron microscopy (SEM and TEM)



Phytoplankton Production

2: Quantfyng Primany Progecton: meubations with racers
photpsynthesis: CO, + H.O = CHO + 0,

14C or O, evolution: dark hotile | Sght botte technigque

L

Primary productfy {mgl /L) bl e . S
a 1 2 3
| » Gross Primary Production: The rate of

organic carbon production via the reduction of
CO2 due to photosynthesis.

* Net Primary Production: Gross primary
production, less photoautotrophic respiration,
integrated over time and depth.

* Net Community Production: Gross primary
production, less autotrophic and heterotrophic
losses due to respiration.

» Units for all measures of production: mgC m-2 d-!

Mol produciyiy - -
Grogs produnlily =——r

Hespimlian




Calcolo del numero di organismi fitoplanctonici

Cella di

sedimentazione
)

oy

p Area cella (mm?) = (26/2)F = 3.14
Area campo proiettato (mm?2) = altezza x larghezza

Altezza = diometro cella /ncompi per diometro verticale
Lorghezza campo = altezzo campo™®3/2

Mumero campi = area cello/area campo proiettato

CALCOLO DEL NUMERD
DI ORSANISMI PER CAMPO . MNUMERO CAMPI

- - _ Mumero di organismi contati/numero IN UNA CELLA
Campi esplorati

di campi in cui song stati contati

Orgarismi Mumere Mumsro Mumsro Mumiere Fumero Mumers
organismi organismis organismi organismi’ organismid m¥ organismi’
cortati COmipe nella colla ml m®

Tipz A Totuole /r” campi in | « M® compi / aliquota Fumzro H®
organismi cui sono nella cella prelevata crganismidml Drganismi
contaoti nei stati contot {ml} w BOs md w glteroa

vor cams creero Biovolume

fotico [m)

Caleolo delle dimensioni degli erganismi in pm?

Unita Formula | Lunghezza | Larghezza
corsidera

ta L L

Colonio

Singala
Cellula di
colonia

Orgonism | 43 *r**

0 hon P
colomiale




Depth (m)

F13.3. The vertical distribution of A'TP, p'mu ulate carhon, chlorophyll a and carbon assimilation, g, at an
uII Jore station nml b, at an inshore smmm in Lake Ontario. From Stadclmann & anw'\r._l‘m
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Fig. 4 The vertieal distibution of ehlorophyll a
(stippled area) and phacopigments (illed eircdes)
bastdd on average values from all stations during a
cruise rom Australia to Antarctica, From
El-Sayed & Jins, 1973,
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Depth (m)

ﬁ:’ S The verdenal distrilition of puunq
productivity (Q) and ehlarophyll a tA) in the
water ealumn in Lake Biwa, Each ennve shows
the larger contribmtion by the nannoplankton
relative ta the net plankton down the whole
prafile. From Tanaka ef al., 1974,
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First dimension ————
Ry values

i %’-‘ b Chromatographic ‘map" of major

 photosynthetic pigments separated from coastal

phytoplankton on thin layers of eellulose, Solvent -

“system: first dimengion, 2% chloroform in light

‘p‘r.irnif.:ﬂl"' (60-80°C2); second dinsension, 2%
= ppropanal in light petralenm (60 ). °C).

Prigment feactions: 10 earntene (orange); 2:
chlorophyll a (Wlue-green); 3: diadinaxanthin
(yellow): 4: fucoxanthin (orange); 50
neofiicoxanthin (orange)s 6t chlorophyll ¢ (light
green); 7: pheophytin a (grey); 8: chlorophyllide

 astaanthin (pink); Tz chlorophy I (ofive
{red); M neoperidinin {red). e
throngh the water column; 8 miles off Sydney, -

Crass-hatched areas, chiorophyll a; stippled areas,

n;(_hln‘(l-'-’grn‘wn:‘!F:,pht;npimr_hig_h atmev): 10
green); 12: neoganthin (yellow); 13: peridinin -
b. Chromatograms of phatosynthetie pign;rrn.;w-. i
Austratia, Station 1, 1 Octaber 1970,

breakdown products of chloraphyll o, From
Jeflrey, 1974,
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Fig. 7.8 Vertical distribution of phytoplankton in a pond over o 24-howr period. Top bar shows sky conditions.
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diverse latitudini (linea intera: fitoplancton; lina trattegiata: zooplancton).
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Phytoplankton as indicators of
changing environments
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& Effects of Ozone Layer Depletion on
Phytoplankton Production

_ Effect of ozone depletion on phytos:

* Increase in UVE radiation (wavelength most
damaging to DNA)

* Decrease in phytoplankton production during
this period (among other things)
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