Food Webs
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Relatively few species

¥ (discounting the controversy over the number of microbes)

1) High diversity In terms of t_rophlc i o
mode, e.g., herbivory, carnivory, (R
mixotrophy, omnivory B Dlerion apacies

2) Trophic level changes with B
developmental phase (egg to TN
adult) within a species 000 I A )

3) Prey selection based on size, but B
not necessari ly a a ratio Of 1:10’ Figure 13-6 Distribution of species on Earth.
especially for raptorial/direct Of the 1,750,000 known species on Earth, 86% nhabit land

envirgnments and 14% inhabit the ocean, OF the 250,000 known

i nterceptl on consumers marine species, 98% inhabit che benthic environment and live in o

on the ecean floor, while only 2% inhabit the pelagic environment

Behaviors lead to niche R C W ol W SR plarkiess e mtbon
partitioning, even though Given this background, how

environment relatively uniform,  would we expect food webs
e.g., diel vertical migration to look?
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Integrating Classical and Microbial Loop
Food Webs

Figure 5.7 A schematic illustration showing the coupling of the pelagic grazing food chain
(phytopiankion to piscivorous fish) and the microbial boop (bacteria and protozoans). Dashed
arrows indicate the release of dissolved organic material (DOC) as metabolic by-products.
The DOC is utilized as a source of carbon by heterotrophic bacteria. The bacteria are
consumed by protozoans, which in turn are eaten by larger 2ooplankton,

Co,

nutriends

carnivore£/5mnivor$
herbivores =— |

already mentioned in
B class and see Landry
¢ 2002 paper on-line

[Otdaans




Comparison of food web structures

| Oe=n acean (6 frophic levels)
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Humans (7 - 10)

Whal es/porpoises/
birds (6 - 9)

Squid (5 - 8)

Bigger fish (4 - 7)
Small fish (4 - 6)
Ctenophores/
Chaetognaths (3 - 5)
Copepods (2 - 4*)

Phytoplankton (1)

NW Atlantic Food Web
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Trophic Transter Efficiency

TTE (or Trophic Yield) = Amount of production at trophic level (X+1)
relative to production at trophic level X

-- Usually thought to be lower than GGE, because of other modes of death
(e.g., viral lysis, natural death...)

-- Because of |osses to metabolisn/egestion at each step, longer food chains
result in lessyield to the top predator

How to apply to actual food chain?
Overall Food Chain Efficiency = TTE(2*TTE(3)* TTE(4)* TTE(N)

T
-

i
'
e,

Bl Rrgroben

o,

B 8

Traphir level 3

Kaiser et al. 2005
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How does
bilomass
change over

a seasonal
cycle and
what does It
mean”?
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Spring blooms

biomass, not production

2 2002 Brooks/Cola, a division of Thomson Leaming, Inc.
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Thisisthe general view of three of the ocean ecosystems on the planet...

K.Selph, OCN 621 Spring 2010



Historical Observations of Seasonal Cycles

e Using net tows, catch diatoms, large
dinoflagellates and zooplankton

 From these catches, infer food web relations
and seasonal cycles

e Did usein situ chlorophyll measurements
around the world'’ s seas to generate maps

(note: didn’t have large scale, synoptic maps
such as we have today with satellites)

K.Selph, OCN 621 Spring 2010




North Atlantic Bloom

1) Phytoplankton low through the winter:
light limited, nutrients sufficient
deep winter mixing

Spring Bloom

reduced winds, stratification near
surface

Increased light, nutrients sufficient

Murmbers per colurmn

Summer: Low phyto biomass

grazers consume the
phytoplankton

nutrients depleted and not
renewed

| FM A M ] J A S5 ONTD

Fig.1.12 Scasonal cycles of Ja) diatoms and (b) dinoflagel-
lates at Station "1™ (60°N, 20°W) in the North Atlantic.
Diaroms bloom, and then are replaced by dinoflagellates.
Bloesm cirming varies among vears by a manth or more., Cells
were counted with a microscope. (Afrer Corlent 1953.)
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End of North Atlantic Bloom

watar-columna stabdity

4) Fall: Second bloom
Fewer grazers. non-feeding stage vl et
Inject nutrients, but still stratified A tion kg o VA S VN
Light sufficient
5) Early winter:
Storm mixing
Re-supply of nutrients to surface

Set for next Spring Bloom

In places where phytoplankton cycles are strongly different (most of the rest of the
world’' s oceans!), they are usually discussed in contrast to the spring bloom cycle.
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An ecosystem change?
Jellyfish in the North Atlantic
Hot topic -- Hydrobiologia special issue in 2009
Usual top predator: Cod or other fish species
Observation:

Jellyfish increasing
In frequency Iin

North Sea

Data from
Continuous
Plankton Recorder

(towed monthly behind .
merchant ships at 6.5 m -- 2 4 I.E. 810

records presence/absence Month

Of nernatOC)/StS) Fig. 1. (&) Daagram of Monh Sca indicating standard CPR

areas sampled i this Audy. (b) Treods in jellyvBeh fregqoency (%
oocurmence ) ance 19358 Monthly averapes [or whole Morth 5ea
region (Geusdan smosthe applisd)

Attrill et a. 2007

Percent frequency




Bad years for herring = good years for jellyfish?

Data set from a 15 year survey (1971-
1986), with jellyfish as by-catch
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Feg. 4. Cheisd Feadeacis, Adiredia acirila and Oyvaied capslla ta

in tho Morb Sea. Dotrended bms series of horring recrudt-

memk (salid lins, ), 550 (solid bme, 0] amd the abursdance of

L. awnta (dashed lime, &) and © capiliata (dotted lne, 4). For

pase ol Goimpaiiacd, We O a0 dela aie all =5 Corisla- .

bon coclficient between hernng recrudment and 5B, 1 = b i

0,70, Esetwesn had ring recmiltment anid mesdasa alnimdanses: Hermng spawaime stock Boommass | ! Iornes |

A sty re =087 and O capilfats r = =008 jall p < 004§ -
Big. 2. Clupea barengs and Awrefla aurifa in the North Soa,
Correlations bebtween the raw herming S50 (spawning stock
biomass) arned recroftment ir = 089, g < 001, boltom panisl)
amndl belwesn S58 and the Infmaximum) abundance of
Loannta i =075 p o< 001, lop pansl |

K.Selph, OCN 621 Spring 2010 Lynam et al. 2005




Why? Natural
Environmental Variability
(NAQO) and/or effect of
overfishing

Jellyfish (medusoid Scyphozoa) eat larval
herring and also compete with them for
their zooplankton prey

Adult finfish and jellyfish also compete for
prey

Reduced larval herring stocks, and
therefore adult herring, further allow
jellyfish to outcompete them

K.Selph, OCN 621 Spring 2010
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Subarctic Pacific - HNLC region

e Objective: to test the “Major Grazer” Hypothesis (1980)
e Experimental goal: Can mesozooplankton grazers control
phytoplankton stocks?

Miller et al. 1991
K.Selph, OCN 621 Spring 2010 L & O36:1600-1615




Observations

 Seasonal blooms do not occur -- ; e B
Canadian weathership at Station P .
(50°N, 145°W) E |2- .
» Occupied station from 1950s . < 0
until mid-1981 2 i 2
Thisisin contrast to the g Ly e

e
0t Wiy TR
North Atlantic -- fs'-‘f*;""t “'J;'!i & ?7"12;,1
chlorophyll levels st '
>1 mg/m? every year

IJ'F'M‘ATMrdldIﬂIEIG]N]D

Fig.- |. Cumulative chlorophyll-e data from Ocean Stn. P aver 10 VEars.
Note that scale extends only to 2.0 mg/m?. Circled points are all

additional values over 1.0 mg/m? during 1976—-76. From Anderson
etal (1977).
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Characteristics of
Subarctic Ecosystems

® deep winter mixing in Atlantic, but
a permanent halocline in the Pacific

e low summer nitrate in Atlantic, but
still high in summer in Pecific

Station P MNO3 (ug-atoms lier -1)

Fig. 6. Annual variation in upper-layer MOy, con-
centration at Ocean Station P. Bedrawn from Ander-

son et al, 1977, OCN 621
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Plankton

-2
INTEGRATED CHLOROPHYLL A (M& M °)

]

- L
L - g S

';L:# -‘.'.""""-.._-- i E
[} h ‘-'l-_' -.'-: '--.‘I-' ]

» Phytoplankton concentration low oo _She R
& nearly constant year round INTEGRATED E:c = PFt-ﬂDj.!ETil:Iri
despite excess nutrients (nitrate) & e

physical conditions favoring a
seasonal bloom.

e Seasonal signal in phytoplankton _
production, but not abundance PEETE
EIGHAEE

[ (Ma M )

e Phytoplankton dominated by
tiny species, similar to tropics, not
large forms associated with high
nitrate
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Seasonal migration of Neocalanus plumchrus

 Zooplankton dominated by large species, Neocalanus (4-5 mm)

C-5, adult female

Neocalanius plumohirus

~ L)

OG- 1l \

< Hajdcline .
C-2,C-3,C-4 T\M "
x 200-

v,

 Zooplankton biomass peaks in summer: leads to
historical hypothesis that phytoplankton controlled by

FIG. 2B. Schematic diagram showing the distribution of the life cycle stages of Neooglanus
plumchrus with respect to season (abscissa) and depth {ordinate). A rough indication of abun-
dance is given by shading: darker implies greater abundance. Drawn in the format of Fig. § of
FULTON {1973) for comparison to the Strait of Georgia situation.

Miller et al. 1984

grazing by large copepods.

Images from: and www.pac.dfo-mpo.gc.ca/. ../copepoda_e.htm



Control Capabilities of Neocalanus

* Could consume cells 2-30 pm, H :
but food limited at ambient L :
concentrations SE = :

e Could keep phytoplankton in £
check at an abundance of 1M ;R R
1 copepod/Liter S e
. e, S o ot bl e s | O—0 i s
» Without them present, S e | 678 S e
phytoplankton did bloom i o et e, s =t e

But: not present in sufficient density
to control blooms
(only ~0.2/L)

L eft: Rate estimates
from bottle expts.

CHLOROPHYLL Lpg OL A §*")

Right: Experimentsin

o Another role: to consume smaller [REaRLEEEELE

grazers...



Chlorophyll & (ug ")
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o | E
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Figd. Temporal relatiosabips among predicted and cbserved valuez of cilcsophyil sl collinie

denzity o Station Fin Moy 1968 Filled circles aneobeserend chioenpholl Sofcefraions e mied

laryier from i meksurese s musde o the st of dibution experiments (Table 1), Line B!'Pﬂlﬂﬂ#

predicied chlorpind] conceairation based on et growsh mte (mesn of £y, 50d r) determined in

dilticn paperimests. Histogmmm shosws the density of cilistes from water coflecied sk the stariof tach
experiment (Table 1)

Abstract — Dilution experiments were conducted on SUPER Program cruises in June 1987 and
May and August 1988 to assess the role of microzooplankton in controlling phytoplankton stocks in
the subarctic Pacific. Net growth rates of chlorophyll a varied in individual experiments from -0.4 to
+0.7d", Experiments incubated for 48h gave higher net estimates than 24h incubations (0.01 to 0,22
d for different cruizes), exageerating the imbalance between growth and grazing. Specific growth
rates (W) and grazing mortality (m) for 24h incubations were approximately balanced for the June and
May cruises, and net growth estimates from the dilution experiments predicted changes in chlorophyll
concentrations for May that closely matched those observed in the field, A major decline in
phytoplankton abundance in the middie of May coincided with a high abundance of ciliates. Cell
counts indicated that Synechococeus and small autotrophic nonflagellates were always kept in check
by microzooplankton grazing, even when chlorophyll indicated uncontrolled phytoplankton growth
in August 1988 experiments, Diatoms showed high growth potential in most incubations and
dominated among the cells that bloomed in August. Our results support the hypotheses that
micrograzers are major consumers of phytoplankton in the subarctic Pacific and that their prazing
can control some elements of the phytoplankton community, However, growth limitation, presumably

from iron deficiency, remains essential to the explanation of phytoplankton contrel in mid to late
SUMMET.

Role of Protists

Landry et a. 1993



Subarctic Pacific Ecosystem

1) Major grazers were not eating enough phytoplankton to provide
for their own growth -- omnivores, eating phagotrophic protists

2) Too few mesozooplankton to keep phytoplankton in check

3) Microzooplankton grazing provides the top-down control on the
system

4) First project to start to explore Fe-limitation to phytoplankton
growth -- we know from subsequent studies that Fe-limitation
alone is not sufficient to explain the system, need grazing
regulation, too

K.Selph, OCN 621 Spring 2010




Upwelling Zones

Continental Shelf Ecosystem

“Classical” coastal upwelling
regions of eastern boundary
currents and other coasts.
Narrow shelf, river effluent
|nfluences minor.

Primary producers: diatoms

Primary herbivores: copepods,
anchovies and/or sardines

K.Selph, OCN 621 Spring 2010

Coast range

tornado.sfsu.edu




Small (<5 um) Phytoplankton in Upwelling

Zones
Despite dominance of diatoms in upwelling zones -- smaller
phytoplankton are present, too

Tahle 3

Abundances { 10*cells ml— ") of coccoid cyanohacieria and of photosynihetic eukaryoes in the cuphotic zone of upwelling ecosysicms

Upwelling region

Cocenid cyanobacienia
16" cellam]

' 10" cellsm]

Phoimsynthetic eukaryotes

Heferenos

Banc I¥Arguin, Mauritania
Mavritanian upwelling

Arabian Sca, Monsoom
Arabian coast

Ciosia Bacan Dvome

Mew fealand coasial upwelling

Santa Barhara Chammel, California
Current system

Morihern Gull ol Alaska, SE Bering Sea
Upwelling front, Oregon coast

Oregon upwelling sysicm

0016 . (). 62

up o 4

| 2-1% 00716

43

up to 150
(h3-2 (.15-1.2

12

3+24

4
(L(E—0.39
L]1-B.6

Bak and Micuwland
{1943

Partemky et al.

i 19
Browm et al. {1999
Burkill ¢t al. (1993)
Li et al. (193]
Hall and Yinoceni
{190

Putt and Prezelin

[ 1985)

Liu ct al {20063
Hood et al. {1992
This study
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Distribution of Small vs. Large Phytoplankton
In Oregon Upwelling System

onshore » offshore

. Mitrate + nitrita N
[ | Eilicate
[] Total phyto-C

Near Shore, relatively
few small (<5 um)
phytoplankton --
mostly diatoms

4 Small phyto-C

0- 40 m, g m™ of N, 8i, or phyto-C

=]

OffShO['e, NH-5 NH-15 NH-28 NH-35 NH-45 NH-E5 MNH-E5
7 Fig. 4. Comparnison of integrated —40 m stocks of nitrate + ni-
phytopl ar]kton bl OmaSS irite {g M m Iy and of silicate {gSim Iy with hiomass {gCm &
al total phytoplankion hased on chlorophylla conceniration

dOmI nated by SrT]aI I and of small phytoplankion (8% M + small PEK) based on flow

cytometric analysis across the Mewport Hydroline in July 2001,

cdls
Sherr et a. 2005
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Food Webs in Chilean Upwelling System
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More than one pathway for export flux...

Clearance rates show

optimum prey size : W cbilipisoaradedd S ey
: ingested) A7 ltrapped n houses)

Appendicularians --
consumers and
responsible for
passive particle
scavenging

A poendicudan ans

]
=
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=
ht
2
=
1
i)
M
6l
.

ar 120 180
El.|Ji'.'a.|-:"|I gpherical diameter (um}

Vargas & Gonzalez 2004
A. Alldredge
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SubTropical Ecosystems

OCEAN TIME-SERIES: RESULTS FROM THE HAWAIL AND DSR I I 1996 VOI 43

BERMUDA RESEARCH PROGRAMS DSR || 2001 Vol 48

Creest Fafitors I, M. Karl and A, F, Michaels

DSR Il 2006 Brix et a.
Vol 53:698-717

HOT Site: 22°45'N, 158°W
BATS Site: 31°40'N, 64°10’
1988 to present

K.Selph, OCN 621 Spring 2010




PRIMARY PRODUCTION
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L]
3 800
HOT -- Primary BE
400
Production "
=
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Figure 7. Temporal variability in depth-integrated (0- so0 -

200 m) primary production measured at Sta. ALOHA over
the first 9 v of the HOT program. Top Total euphotic-zone
primary production (mg C m™* d~') measured during in 0
situ "*C incubation experiments approximately monthly.
The solid line is the mean value (473 mg C m~? d~F) for
the full data set {(# = 74). Center Three-point running
mean (*1 SD) for the data presented in the top panel.
Bottom Standard deviate {Z-scores; Z = [value-mean)/
SDj) for the primary production data set showing evidence
for both seasonal and interannual variability.
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BATS --
Primary
Production

Spring bloom
(not summer like
HOTYS)
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Data Comparison

Table 2

Variability in primary production (“C methed), parficulate carben export (measured of 150 m
using sediment traps) and the export ratio (e-ratio] for the 11-year BATS and HOT data sebs

Parameber

BATS

HOT

Primnr:,.' Froduction [|r'|g Comtd’)

Mean = 50
Range
Mumber of observolions

4146+ 178
111 4o 1037
125

480 + 129
184 i 723
4

Porficulale Carboan Flux img m? d')

Mean = 50
Range
Mumicar of ohservations

e e
ﬂim .T"ELI
125

283 7.7
10.7 10 57.0
?B * -

Export Rofio

Maan £ 50
R.I:"'I'EE'
Pumber I?.!" ohservalions

0072 + 0,038
0040 0.214
125

0,082 £ 0.0024
0.020 b 0,149
B

Oceanography * Vol 14 * No. 4/2001
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Ecosystem Structure in Gyres

Multi-level, start out with small primary
producers (picoplankton)...

how many trophic levels?

K.Selph, OCN 621 Spring 2010




= o s

Trophic
Cascades .-

* Microbial loop
organisms the most
Important (recycling
system)
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e Size fractionation < <2 <5 <8 <20 Na
Size-Fraction Treatment (um)

eX perl mer]ts Sl,lgg%t Fignre 2 Effeds of size-Fraction rfemoval of protistan consumers on

thiz net growwth rale of heterotrophic bactera and Prechforscoocis,
Seawaber was colleded from 110 m in the subtropical Pacific (5tn.

%\/eral trophl C I e\/el S ALOHAN Net population changes wene determined From flosy oyto-

metric analyses an initial and Anal samples incobatad at 15 suface
Srnal I er thar] 20 m light for 24 h after filtation through polycarbonate membrne Gliers
l-l af 1-20 pm pore sizge (Mat=natral sample contml with no filtra-
tion). Wertical bars show standard ermors of 4 replicates (mecified
from Calbet & Landry, 1999),
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Mesozooplankton Biomass,
HOT site

Timing of maximum is the most

puzz' I ng Tabd ! B T BT S
|n the summer, when the water ,

column is the most stratified E i
(as opposed to the spring, after
winter mixing)

=
=
O
o
=
.Il
o
o

o3

Coincides with blooms of N,
fixers, such as Trichodesmium

T T E— | I

I']F'I'"I.UH J J ASOND

Figrere 5. Seasonal wvariabion of mesoros |:'|.JI'I|'l m hiomass in day-
l||11 IIIII—]-.1.IIII| and nighttime (220020600 net collectio
ALOHA, subtr ipical Mo rlh Pacific. = were aken
from integratad oblique hauls ove (& ic zone (mean o
depth=155 m) with a [-m? net and 200 pm mesh (Landry et al,
2001). Error bars are 953% confidence intervals for the means of all
samples collected within each month fromm 1994 through 2000,
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M. B RBoman &t al. | Deep-Sea Reseerch I 49 X2 T75-102
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Fig. I. Mesozooplankion bomass {mmolCm ) in the swface 150m at BATS and HOT for 19941997,
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HOT/BATS MesoZP comparison

Table |
Hawail ocean tme series and Bermuda Atlantic time series 19949977
Mean HET SOHOT  AHOT  pfaqpBATS GEATS  p/BATS

.2-0.5mm zooplankton mmol Cm™ (% wial) 433 (18.16) 1.42 36 246(21.62) 098 47
.51 mm zooplankton mmol Cm = (% total) 5.66(23.74) 249 Ly LOL {2645 124 47
|-2mm zooplankion mmol Cm™ = (% total) 6.69 (28.06) 326 6 25 (2232 1.09 47
2 5mm zooplankon mmol Cm = (% Lotal) 5.64(23.66) 28D 6 2462164} 126 47
= Smm zooplank wn mmol Cm ™~ (% total) .52 {6.1E) 1.17 16 091 (B0 (.62 47
Total zooplank ton mmoel Cm— 23 B4 B.RS 35 11.38 4.6l 47
Zoopl production and egestion mmol Cm 4! 225 0.73 15 (1.95 .30 46
Zooplankton ingestion mmol Cm ~d ' 7.449 2.42 15 17 100 46
Zooplankton mortality mmol Cm =d ! 2.20 .80 15 (193 .34 46
Temperature {C7) 24.32 L.05 36 21.50 1.53 47
Sinking lux mmol Cm—=d ! 2.14 (149 3 2.26 .74 43
Primary production mmol Cm ~d ' 41.08 9,84 L2 3531 B.05 46

“Values integrated From surface to 150m.

Roman et a. 2002, DSR 11, 49: 175-192

K.Selph, OCN 621 Spring 2010




B4 M. R Roman &t al. | Deep-Sea Research 1T 49 ¢ XN 21 175102

Table 3

- =
Integrated annual values (mol Cm "y ")

Primary production  Zoopl prod and egestion Zoopl./prim prod rate Sinking flux Eges sinking ratio

1304 0.0 002 1.03 (.20
14.01 .34 002 (.73 .46

14.92 .37 (02 (.91 h41
11.79 {142 (L4 {1L.E5 .44
1343, 7 03300z 002q0, (.880 1y .39 1

I 3.66 0.62 (05 (.68 091
18.61 0.1 04 (.67 .05
14.14 .92 .07 0.7 .20
1325 .50 .07 092 (.98
14925 15 L 00500, (010 .03 0
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Why the difference? Don’t know for sure,
but...

e Salpsand sarcodines at BATS -- not quantified
well with net tows (grazers and mixotrophs)

 Mesoscale eddiesat BATS leading to episodic
nutrient enrichments -- uncoupling of 1°
producers and consumers

WWW.pbs.org

.

L. Madin, WHOI




On the relationships between primary, net community, and export
production in subtropical gyres, 2006, Deep-Sea Res. Il, 53:698-717,
Holger Brix, Nicolas Gruber, David M. Karl and Nicholas R. Bates

* Export POC/Net Primary Production
If ratio high, then “export pathway” ecosystem
(larger phytoplankton)
If ratio low, then “regeneration” ecosystem

(microbial loop organisms dominate)
« Switch between these states by addition of increased
nutrients
e 10 year dataset at HOTS and BATS:
BATS:. Export pathway in Spring, Regeneration
Pathway in Summer, Fall
HOTS: Regeneration pathway all year round
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Aside: Modern Primary Production
Measurements vs. Historical

Subtropical Gyres: 111 - 1039 mg C/m?4/d
(~40 - 380 g C/m?ly)
historical: <100 g C/m?ly

Note that fisheries oceanographers still use the lower numbers,
along with lower estimates of trophic levelsleading to fish --
the combined effect of these opposing trends may luckily end up
with fisheries yields that aren’t too far off...
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Max (end of winter) Min (~Fall)

a) March. 5, 2000 - =i bl Sept 11, 2000 =

Polar Ecosystems: b 3
Arctic vs. Antarctic [

- Size (15 mill km? vs. 36 mill km?) [l

-Arctic Sealce only 2-fold annually
whereas it is 5-fold lower in the
Southern Ocean over that period

- Sea surrounded by Land vs. Land d Fabruary 16, 2000
surrounded by Sea, so ability to o e |
exchange with other regions very
different

K.Selph, OCN 621 Spring 2010 Kaiser, textbook




Arctic vs. Southern Ocean -- very different

- 1/3 of Arctic Ocean is shelf seas (<100 m), mean
depth 1800 m

- Continental shelves of Antarcticavery narrow, with
pack ice zone over deegp ocean basins (4000 - 6500 m

deep)

- Arctic affected by freshwater flows from surrounding
rivers and their contents (high productivity in
coastal/upwelling areas, but short-lived)

- Southern Ocean fairly isolated from land (HNLC area)
-- high productivity in areas affected by shelf sediments,
otherwise Fe-limited and fairly low
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Arctic Ocean

Eﬁﬂ' |95|

|ce effect on Bloom Timing  [EESS(REMRER S S o
e.g., bloom relatively late in ) 8 a
year as ice needs to melt n, so00]- i

* Resultsin short growing  [ERe| c P i
season (tied to light) S e RS A
o Zooplankton: grow slowly e | I-J : f
have short feeding season, Ofams st me—amemameananioili ol
rest at depth over winter “‘;’Eﬁi_;w e e ?f;fﬁh;:;{;-:
* May take two-three years 0000+e6o000s0c000 ST T 00 I 00 00000
to complete growth cycle Fic. 8.2 Seasonal changes in growth of phytoplaskton sad i ice conditoss
e.g., Calanus glacialis & C. I e e R s e sl

P =date by which phytoplankton growth was indicated by net

nyperboreus pigment (after Digby, 1953).
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Arctic
Pelagic
Food Web

http://www.cen.ulaval.ca/me
rge/index.php?url=11214

UNEP/GRID-Arendal
Arctic pelagic food web
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http://maps.grida.no/go/graphic/arctic-pelagic-food-web
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Antarctic: Southern Ocean
Krill as a Keystone Species

Other seabirds ff’;f
N

_ 'ﬂ,ﬂ/ .
A

‘74 ( \ \Fﬂnguini
Zooplonkton /

(induding krill) =

Kaiser, Box 11.3



Antarctic Sea lce Community

Kaiser, Fig. 11.8
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Krill Swarms under the Sea lce

Echo intensity (dB)

300
Distance (m)

Kaser, Box 11.3
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Krill vs. Salps

e Changing Ecosystem -- may
be due to declinein seaice

— Since 1926, decline in krill
populations (38 - 75%) and an
Increase in salps (>66%)

— krill need seaice algae
nutrition prior to spawning &
for juvenile stages in winter
and feed on Spring bloom
phytoplankton

— salps can survive in warmer
water and at lower
phytoplankton concentrations
and do not feed on seaice Atkinson et al. 2004
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Summary:
Why are marine ecosystems so different?

Why does the North Atlantic bloom so dramatically?
Why doesn’t the North Pacific?
Why aren’t there ever blooms in the vast open ocean regions?

Extraordinarily Smplistic Answer

All systems have microbial organisms, as well asthe larger
phytoplankton and consumers, but physical processes force
the system towards dominance of one ecosystem over another.
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Dominant Pathways are determined by
physical processes

Small cells are more efficient in competing for low N (high
surface area:volume)

General size hierarchy of consumers based on energetic
considerations, I.e., for like organisms, reduced size and
biomass of prey makes the environment more suitable for

smaller consumers

Energetic reasons why small primary consumers are favored in
oligotrophic open ocean systems (subtropical gyres):
* reduced [phyto] » | declinesfor givenF, .,

= decreased phytosize —» F__ declinesfor
consumer of given size

* increased T°C — higher | isrequired for maintenance
or to sustain agiven level of growth
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Diatoms dynamlc ~€omponent N thef_oo‘g web
Dlatom;; are responswe.to hlgh nutrient-conditions
aldca,n escape “ control”, of grazers.
2 - R r
In the absence of “ external energy” to stimulate diatom .
blooms, a eutrophic systemishiftsto oligotrophic system &

- -seasonally, e.g.,‘springto summer in temper ate systems A8
f L i

-gpatially, e.g., distance from upwelling sour ce i

DI decrgﬁuse in relative abuﬁdé%from: '

—Eutrophic Systems > Oligotrophic Systems
—High Latitude Low Latitude

—Spring Season -—m "Summer Season

—Upwelling Source > Distance from Upwelling

'i

.
. '& ph, OCN 621 Spdrg2oieceras. Asteromphalus, Nilzsoliis

3




Low Energy Stable Systems

Low energy —» Lack of nutrient re-supply

!

Low nutrients <
(oligotrophic)

!

Small Phytoplankton

(high surface:volume ratio) il

!

Long food chains
(small consumers at base)

l

Relatively stable
system (high recycling)




High Energy Unstable Systems

High energy
(storm activity, eddy
action, upwelling, etc.)

!

High nutrients
(eutrophic)

!

L arge Phytoplankton

(SIT]E]' | y tOO) Composite Spring Picture
\ Mean Chlorophyll (pg/l) at the surface

Short food chain (dynamic) —» Unstable (dynamic)
(superimposed on stable long food chain) system
(High “new” production)
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