EMERiE. RESIVEZMTIVIGEAOHR

ZORENE, 2013 FEa X AEEEZBY . FHITRDEELO IV IEH
TeLET, RREFBRIZZOXIITTIED LWERZRIT T IES o T EERE &
DOEBESTAHEZOERICLBILER L
EFEYS, ZoZHEHLEGHWETIE, I8
THNTWAZ A FML(ZFALF DIZHY F
TRV, BEOa AT RAEBEZEHE
DESAVETRRD, EMERREDH %
TIRICEREZY T CRBELEZ L LY A
WET, —RIICE 5T, BB HE— AFAE
bz Tong THR LW OTTR—ZiE, HIBICERIND WSO
FEAH Y FT, FT o0k, BRICHETLIHEETT., T42bb, ShuEd
%< OEPFET D200, TRUTEZICEBT 00, ZLTED LS RGHTS
R D /R E = ISFRIZ L > THBEMNIZZ2 > TNDDMN, V0 H 57T &TT,
E.OU Ny it = AT T « LAKRLRNEL BEEwE AR OD
TAV B LET, B2 0T, BRASNBEICRET IR R 2 — AT
T, ZHUFT Ly T - TA UL 2009 O EGER OB R S vz
T~ TL7, NEIZ, BEFE. Shuiok, Bkh e, SR ERICEER
WE., 2oMZ OBREZ BRI LZIT
TWAHDTT,

Robert T. Paing™*
University of Washington
- —

LorL, HE ZODEED > HBo—>
IZDOWTIX, FACIEARKE AT EE 2 B D
b FEE A, EDTREERMEEZ RO HRIT,
FIET R TCOFEREOENRDOA A L — A5AK-2

TarvDRLoTEE L, BlZIE. Z0JIoEERIAFDE, BF5< 1920




FARPIZICRHDRX DB ARTIEA LT DT, ZOFHIZITT N IEICHE S
TEY, ZOELIZEFIWVOHLELIELNET, ZTOXIITHANEWNIZE X
HA VAV L=y a COFEFIIKFICE R, EH - - SURR EICH R
I, BRI AMOBNEI A EET 20T, £ L TREIC, UoB Oz &
ANBZDHDIZONWTEHLIETCWEZ ) EEVWET, HSATHFLOL
T, FIFHAIERA LA THWET, ZOXIRBEOX AT v 7 2B fREE
BT SADEERDD £, W 2Bl EZE T E3 &, AT (predators)
Wi 4 (competitors), 74 (parasitism), FHF 3 4 (mutualism), H:4= (symbiosis) 72 &3
ZH T, TNHOFETAROBEHMEZ TS 2 DIZ) A H U TRITL > TWVE
T LL, INHOSHEIME L OB R o T &EIZFFo TND T L &R L
TWET, RHEEHTIL, 20X REOEFIOMITICES LY TTHHLIET
W EE T, BT, 2O oBRERIT o5& bR ITIEZ. BMHE T4
FThHDH LD T &AL & B o
F9, B LIL, oo, CoMER e
fil% e, fORYBORIC LD LS 7 m-l o ot
B - MR 7R B A RT3 rTREMED fm
oD DN E AT MR TT, B \
BB A FAER LD D LRES —
oA FRARE [—) TRLET, & AFAE3
. A2 TIL, @, HERORBEMBIEN, 7T RS [+] TX
THAENEL R0 £T, BWHEICET 2 AERFH2RBERIIEATETEBY, 20
YA FTART T ADFRL GO VICELHTEL, £ L THENRET VL EMHEIT
HZEHLARRICRSTETWET, MOMEERZRBLIZZO XS REWED
(A F A N) B, —DOFOBEEMSLBEIRDL ED X D ITHERET DT HO>WNT DA
A=V HIRZDFEE LT, WNTERAE ZTHEENZ720T 5 X5 LT
EEWERNWET, Inb6DA TR ML, —BROFAIEREBEZXT D729
E-BRORESCHAEDOT-OIZERZEH T D505 5 5 2 DB O LR % E
DL DEERFELRD £,




AREIZADHENC, FT o0 EZHLNMILTBEELE Y, EWESEEIEL W
DBEEIL. BMROGEREERT R ThiL, HDHREICENLS HVOFRERHEA T
WHNERTHETHIL., Z7n— L (HRE) ZREREVWZR>TWET, L
L, BB ARIZAEMIC, L Thr—h/ (Hkey) ICHREZEBRL COVE
T, Bz, BEE L0, 902 L7720 EOFANREZ LD, BRUTAD D
WEESOBRMICHNT 20 T2 ERE 5 T, £ LT, FOKEIZHET 57
DD IR RFBIFHIETH 2 ZRIBIESL . v —IViiTbinEd, £z,
FERIHAETIX, BERESCBATO A 7 — L OEAME L SO O T,

FIZAAF I ZIHEERALET, ZOATA REIAL R DE, A=t bF
DEHET, Izl LBV TS EZATT, %< O Hikic
BWT, ZOMERETHLA =t M7, ZORRERFNREL I LD LT,
EEHCTHDLEBZONTHVET, KD 3DOATA K& ZEL 72XV, Navanax
Wy Fwan, I uTE—RICHITERGAALTHET (BRI KRS, (27
AR 6, RIAF D) , WEFTFEABEBRLIIZELLDODLIOL, BHROF AT

Courtesy of Satoshi Nojima

RATAR-4




JAD—HTYT, /o, BROEALERROET, LITORFMIC K > TR
ZEbbhroTWET, R, BEA—DOHICL-TiEEnD £/ v
Fr—bl BDRENDZZENHVET, FVUDIREHATA RN ) OHIEEH (Rv
mE) R BNEDLT T UNRERROA HA (AF74 K 972 ENZOHITT,
L2l bo b b —iizid, Z< O/ NS RGITICEFEL TWES (RT4F

10,

September 6, 1975

RAZ7AF-8 ATAK-9

Keystone Species

ZAZ4F-10 RAIAF-11

DX D RBIEIIVARINC, [ZRRIEICETRSEATE £ 5 TRWEFIAS 5 D1k
RN EWIEMIC OBV £, (RIA 1) ZOEZO—HE, HRO
HTOMBERICL ST EHTZENTEET, ZORTA RRIAF 12D
FHIZFE>TWHOIE, —RICES RS Pisaster L5 & b7 TEA, FAIT
INEBRIET DLV FIEZRV E LT, RORATA KR IFA4F BE, 2Ok
FNTRATAZHELTNWDHEZATT, ELTIDARATA RRAIAF 14T,
b FTBFE L TW B OKF T2, 2 2ITEEEw» 4L Tk, 7
R0 RN DD FT, Ll KICE T EBRELEZERX (T4 K 15 % 7,



AFAR-12

RA5Mk-14 RAZ4F-15
ThHFETE, BEFTDOWNRL FOOD WEB COMPLEXITY AND SPECIES DIVERSITY
72 o TG & BT A AT /:'I'?S;E:. N\
OREESETL LIy i . ’» iz!f;n‘gw J‘ ,\:\ "
DOFENFHITHZ TLENEL HUHBERS~CALORIES /,-"f j J’{ } ‘

<ol /)] s\ \

Teo WDATA R(274 F 16) /)] FANRN
iz HEWMEIL, —DODES ! ;.-"f J!;_.- \ .
REMERLTWVE T, cutos. s /
Pisaster £\9 & b T AT R 7\;;':_16 —

HDIXEICTIYRTH- T,

ATATIEHY EHA, D2FV, ZOFEBROFKREZLTO LoD, HICHEH
DIEERHEDO LT S 72T TlER . BWOELFTHD L) Z L IVRIE
SNTWVWET, ZOFEBEFGRIT, F—A FM—FEOMEITHER > L7, FAD
FBREIIBEIC, Eol BARDERRTITONZHDFERTHR L L S 2R
MHTHWET, APVWDIREOFER T L — MIE, ZHOFENEFLTCELE



(XZ74 R IDN, fAZRETDHE, HEHE (Frid) T RELZRD F
L7-(A74 K18),

RAIAR-17

INOOWETOERNG, BMOMEE O, IEHICSEIERE 2D
HLO—HIFIHREE LR HAEEDNDH Y FTVN—OFMEEL RO LN TE D,
EWVH) ZENDNY ET, RTINS OBHERA AN OMEIR & 5 BRUEIZERY
MATEE Lz, BYMEBERELTHLOEMEVWSY FHEANR, LrLEDX
HSITEBELTWAEDTLE I N? ZOM(ATA R 19 FFLD 1980 FEDFRTH S
OBIATTN, ZZIRT LT, AT S EIERWIR. AL, MRA R
LENEBEZAONET, HDHETNTIE, TRTOREEAREINFEFITH O, B
DRFBRREHIN TV E T, EWSERNE & EMEEIRT S E 323, Biiglcou
TR INTWERA, MOBHMEET LTI, =XKL F—DiIUCEET 5B
BARENTWET, OV X—BE)H 5 WITREBEMEIL. ERROEE
REMECT ZORMHEET MWXENENOROFFOREILEEIC OV TIR
SNTWEREA, BREDET ML, ZOBRREEZHRFI L THET, LarL,
ZORYWHEORTIE, BIZIXMBEMELER & O X0 IROFTH OB E R 5 0 0T
SKREINTWERA, REEMEN 3 B ORI TIX, £< 0HE6% 08
7R RT T3 H A7 — K (TROPHIC CASCADE) | & LCffix 4 (274K
200, KEHN AT — NIXEED - HEBENREZEELZHDERL, 2O 72O X
ITIEF ICHML SN BmMEIC L > TR TE 3, 2ol s, TR



fHTHD SORMOEER | SRR TR

s
N N
R/ N /RN N/ S 4 [N
drife peninic  digloms Al Heggphyiem Corgling  Bossiglls  LiNorhamaum
|— % % jj X b‘ — F\ J & l/ A 5 % e A paltg 5 purpuratus Kartharing Tenicelia A mitra
] s
/
HEITRDOEFFETT N, 2 /
drife benthic  digtams Algerg Hedophyliom  Corelfime Bessiefle  Liothathomawm

S DOWFIEHE T K D HFIED S

BHZDONWT I L T £ L;><;§\
R

drift benthic  diatam: dlarg  Heggphplum  Corgifing  Bossielie  Lithothammium

254R-19
BAEHY 74 N=T REA—T L —DEIRE D EDTNHEAT U — - 8T —
(Mary Power) L3, ZEiMEOFIXS2FIH LBlg2iTWE Lz, 2o+
DIZED BUVNINZAWNZ LZE|ATEE LTe, ZTORTA RRATAF 2DITIE,
NAZTHRIZ, TOWBEETHLHI /U (AABO/NE) ( ZTLTEDOFIZI Y
UNERDEARE LD 3BEBEORMMENHEINTWET, SNADNRWHLITIE
W2 TELI ) VIl TEREARPBEVRLS S, 20X ITEO AR EH L
2> TWE LT (AF4 R 22), ZHUTK LT, RZDOWAMTIEZ, /2 7Dk

Trophic Cascades |
=<

|

f

ASAK-22 AIMK-23



MRKELWD LT, BAEBEBNEL L TCWELZERTA R 23), NU—FFT,
G LRATRETICAREZAND &0 ) REARIEZITWE LIZ(R T4 F 24),
ZFORER, TODREEBED (RADNWAR) e ZOOREERE (RADWN
%) OWMOBNZENEL, ZHUTBROFEDICL > TTELMOYE LR U
=R L TWE LT,

FERIZ L DM TIE 2 VWO TT A, [
FOWETEH, EFREREANZ — A
bIET, A NI X0 b/ OUTHAE,
a9 —F(A74 F 25 %, bk o
BUZAER L TWET, 223 —7 OffRE
NN E XX, FAD R aRA = F an
HREIND ZENEL, R aDfEEER
WA LET, 23 —T OV T,
XADEPEA, /I T RED LY
INS T FHEM AT S AR LET,
ZOBEWREMMOR (AT A F 2601, TH
ERREELLTOaI—TORELRL
TWET, agd—7Fxall
~AFTADOEE R KT L, X
TFI/BITYA T ADOEEL K
FLES, Lo, ¥4
U ABMDBZ LT, 2T — e
T DIFAED . FITRF LT

Fla-g';.menl age
(time since
izclation)

+
7277 ADELEH 2 ThH
WHDOTE, FakFATHK v
LEMCT 2 &L /S 2 a5 HE ATAF28

BN E T £,



L2, ZHITESHEEO 2 I —T7 NTEREICHE D W2 WIGEICRONE
7,

EHITH ) —OHEHlE TR LET, ZHIRIER IS O K iR BB RE
RICED Db DTE, BT v b NIRRT EZ MO T2, BAMEZRAFFE %]
RELTEHEO—ONEFRBOEE RV =T LILRAIAF 27, U=PEELTH
HWTEEVICIE, ZAEOBENZEAERONEFATLEE TR 28), L
ML, U= BRWT L —FEORIC, RITBIICEAEZ IR 29 L, %
< OWFPEAREROIMBL L WG ICBE T 2 HE R A 52 £ Lic, =Rl 72
STEHET TR, KV OMPEFE L, AYOLERIRE ML TnzoT
T, RROMZEITFERAEME ZORM LR DY & DMICEENOX A F I v 77
B ARt LE Lz, BIzIE, DY 73 N=T REF U H T N—ZARDY A+ =
A7 A (Jim Estes) #UR B XD, REN AT — FORGOHZEE LTIRSF 5
NTWDBHFZERDH D £9, 1970 FRICTV 22— v VB THRENMTDIL., 7
v 2 (AT7A4 K300 RN 2o RO BECIX Y =B EBMNZ HDTNDH I &

RASAF-29 A54K-30



RS/ K-31

NBEISNELEZERIA R 3D, Ty aRy
WHEZATIE, RERT =BV
S PXATUR  FATRERL T
FLIZEATAR3), LML, Yy TF (R
ARBNTyaziiiLbwd L, KE
HAT—RKPAEL, ZORTA ROT—
HZ(ATA R 3 NRT LI,
U= & VT OB e BE
BONGESNE Lz, Zhb
D FE72 D B DARRE DRI |
WS RRIMEIZ BT B B BIERR
DHNEFAN, ERBROE
F RO < EDO—RAEPEIZ
X, Ao ROGR R BN E

Year

T, EBROIE D 5\ Tk ATAE-34

ez T . ZOX I BN LFEST EOTE D EREGNT, THAREEIX
EWE L. FZICAERT OEP AT ORNICKREREENER/HEL L V)
ZETY, ke, BUMOMIL, ZhbDH AT 7 AR OERIIRKEL
TLHHELRD T, TOEKRT, EMMEOMKITHEICAERRZ#IWEA T A I
LEELP, BMARBBY —LE L TRLLET,




Blue crabs and
salt marshes

AR | 25136
SRS LT Zoomi%ic I ~:~

EHERERE WD D &R
HIEEHLHY ETN, b
DORFFEIE, [ 3357 O il
HI7RERRFTE L BE X DD —
FRWTL X O, HFREIT-
TAEREEE 2D, B O : i
SEBEOMRLY L, LA e
MREICE D M T | CHAR & 72 DR A
TLAELBLTNENBTT, Ta2a—7 K
207 A7 >+ U < (Brian

Silliman) fEEOHZETIZ, TD DD
Rash o LIEWICR Y £, WD A AL
FBHEY) Spartina (AFA K 35) M T2  EEEEEDS

HrER AR RE R, AR BAEEL

£, L. TOEBRICKT D HEML S NI BEYEZ AT S T REOE
BTT (R4 K36, ERHBREIII=TCT, ~FHA 2R, ~F 0 A (TIBHHT
DA KRR ORE 2 MEIT 20 TTR, 22T, I =TR#AERICB VTR
EREEEZRIZLTODEDOESLI M2 L0 ) BINEC LT, ToXxF (4=
A] T, TV v B EORRTHEIES N TOET (T4 K 37, flhidz
DBT V7 —F— (X7 F 3 NRFMEOEm NI =OBEEREEE THDLZ L

ATAK-38



ERALLE L, ZOMEEZRIT OO HAMBET VY —4—1%, 7Y a—
Ux VAL DY v F LARROEEE KIET OO0, REDAT— Fae2ibd b
WITHITSE D 000E, SBALNCR-TAHTLLEY, R TV F—%
—) | HiERRE (h =) | ARV —E R (BE) 2AATE S AREICONT
BEI O N Z — DR L TSNS b O L WET, BTz o X 5 Btk
LV Z L OESIAICBIEXT RN FEROTT,

RAFEOEBIZHOWTERT 27201, SR AERTFIMANLETT, &
LHEGIZ TR LEL X D, 1967 FFEH, B —a v 7 XX (RTA K 39) 33 < iE
W OWAKIBICEASIIE Le, ZUE7H E HIEORWEICER R R L KT
L(RAFAF 40), Mz BAD LECHMOREOEREDBA LT, B Bl
fELTLES W IORIREHET E LI,

ZIVET IR LIsige s L OB %E
Plotfgeik, TEARE AH DA Ot .
205 R L ROMELRADR 0T B
IO LWHEEEICEZEBRLTNET, 20
AEEDOEMIT, HAMEEPELET 255,
fRELRY « ARSI T A D & T iR IR
G570, REEHICED D H LR

ExEMES O ERDHITTTT, P e S
FA A S5 0icit, & ﬁ?\J/;/%\%
B Wi 7 4 2338 - HBG a§><§i//
ZLAVE SIS, ZOmRHE ! =
ORECEM AR B ONT ﬁﬁ?m
DT EIME TR L7 T %iJ S -
R0 FEHA, BREDIEED ? //
9tx54p4g?ﬁ



FEHUTERATRER BT, TOEDIIIEOT AT 2T 4T 4 DI ST,
ZDOYVAT AOERREIEERC S A T2 7 2B W TSR 7% ENC B9 5
WNFRCME L 720 £, OB, HAMAEEF A4 ICLTEESR THETH
¥R h—L LA HREMEOE N E— 2R EET NI, 20X REY
AT, BRE OFIMZMER LH D2 W B2t b, - AHEIcE -
TORKOFREE 20 ET, ZOREEZERT S0, FUIHFEE L LTOF ¥
U7 %8P0 E L, kI ) —E, BB acHLE LT, AR
ZZ LB L2 E W) FAOAEEDE I OWTREAIMRE G 2 T\l EE L
722 BT, BRSEGHH L BT £,



Biodiversity, conservation and nature’s dynamical fabric

I wish to acknowledge with humble but great sincerity the honor of the 2013

International Cosmos Prize and to thank the Expo ’90 Foundation for arranging this

astonishing opportunity for me and my family. f

As you can see by the title of my lecture

= Biodi /ersity, ¢ 10
nature’s dynamic>fabri

(SLIDE 1) I’ll be focused on a dimension of &3
biodiversity not covered by my distinguished
predecessors.  Speaking very generally, F s

biodiversity — or what I prefer to call nature -

has four clearly defined attributes. First, there 3% PSR e

is the issue of discovery, that is, how many SLpE
species exist, where they live, and the patterns in space and time their study reveals. The
Cosmos prizes of E. O. Wilson, Estella Leopold, and the Census of Marine Life all fall
into this category. A second attribute is that nature provides humanity with essential
services, a theme developed by Gretchen Daily in her 2009 lecture. Humanity is beholden
to nature for the provision of oxygen and clean water, food and fiber, a long list of

medically important substances, and much more.

But there are two other attributes, one of which I am unqualified to talk seriously about.

Nature in its magnificent variety has inspired almost all art forms. For instance, this tsuba

(SLIDE 2) was bought by my father in your
country probably in the mid 1920s. It has
always impressed me as portraying accurately
the beauty of herons. A catalogue of such
inspirations is easily expanded to include

music, pottery, literature and writing. Nature

inspires human creativity. But last, I want to

develop what I think of as its fourth dimension. SLIDE-2

We all know that species interact, that is, they are dynamically connected and we



recognize this with a rich vocabulary: predators, competitors, parasitism, mutualism,
symbiosis to name a few, and these terms barely serve to catch nature’s complexity.
However, these terms imply that individual species have differing roles, and it is the
exploration of those that forms the primary focus of my lecture. I will emphasize that the

most powerful way to illustrate these relationships is a food web (SLIDE 3), basically a

simplified diagram of who eats what, and what Aol

the direct and indirect effects on the other web mee

species might be. The direct and usually " l + indrectaflec
negative effects are identified by this symbol hertvore

(-). Indirect influences, usually two or more ) \

trophic levels removed, can often be positive -

(+). The ecological appreciation of food webs <o

continues to evolve, and we are increasingly

able to replace these symbols with real numbers, and hence construct realistic models. I
will try to convince you that these “cartoons” of interactions are useful in conveying the
importance of single species and a feeling for how nature functions. They thus provide an
important means of communicating with the public, and directing the focus of resource

managers dealing with conservation and restoration issues.

Before I begin I would like to establish two points. Biodiversity is a term that has
global implications whether it refers to some higher taxon or how many species inhabit a
continent. However, people usually experience nature on a very local scale like when we
take a walk, go fishing, tend our garden, or visit a favorite seashore or forest. And the
most powerful scientific approach for understanding a species role, experimental

manipulation, is also local. The time and spatial scales match well.

We know species interact dynamically. This slide (SLIDE 4) illustrates the crown-of-
thorns starfish eating and in the process killing a coral. In many tropical areas this native
starfish is considered a pest despite its morphological beauty. These next three slides
show the sea slug Navanax consuming a whole nudibranch in one quick swallow (SLIDE

5), (SLIDE 6), (SLIDE 7) suggesting that nature’s dynamic can often be brutally fatal



Courtesy of Satoshi Nojima

SLIDE-4

SLIDE-8 SLIDE-9

to the victim. We also know that the appearance of natural benthic ecosystems varies
from place to place and time to time. Sometimes we see a monoculture when one species
dominates the resource, as does this tunicate in coastal Chile (SLIDE 8) or mussels on the
outer coast of my home state, Washington (SLIDE 9). But most often many species coexist

on a small space (SLIDE 10).

Such observations lead naturally to the question, why are some areas more diverse and
others less so? (SLIDE 11) A mechanistic answer in part comes from controlled
experiments initiated in nature. I chose to manipulate the relatively common starfish

Pisaster (SLIDE 12) seen here eating a mussel (SLIDE 13). The control area on



Keystone Species

SLIDE-10 SLIDE-11

SLIDE-14 SLIDE-15

which the starfish persisted, seen in this slide (SLIDE 14) has both animals and plants
coexisting; it is relatively diverse. The experimental or starfish removal plot (SLIDE 15)
rapidly developed into a monoculture of mussels with other species going locally extinct.
The observed food web (SLIDE 16) illustrates one unexpected feature. The majority of
Pisaster’s prey were barnacles, not mussels, suggesting that the experimental outcome
was the result of food preference, not simply prey abundance or prey availability. This
result led to the concept of KEYSTONE SPECIES. Another set of experiments
independent of mine and performed in a very different ecosystem produced a comparable

result: when fish were present, the experimental plate had numerous coexisting species



when fish were

of

(SLIDE  17);

excluded, a monoculture

tunicates developed (SLIDE 18).

The basic message of these
marine experiments is that a single
predator species can increase the

compatibility of a mix of very
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different species, only some of

which are potential prey. I have

wrestled with the challenge of how to illustrate
these complex interactions. Food webs would
obviously be involved, but how? Webs have
numerous  possible  forms, units and
configurations as this illustration (SLIDE 19)
from a 1980 paper of mine shows. One model
treats all species as essentially equal and just
draws the known trophic connections.
Biodiversity and complexity are emphasized
but there is no hint at the dynamics. Another
web cast these relationships in terms of energy
flux. Energy transfer between species or
trophic levels is an important ecosystem

property, but such webs usually don’t include

SLIDE-16

‘ q -3 8:]:.»(

SLIDE-18

a role for individual species and their influence. The last web emphasizes this dynamical

property but the broader effects are not easily shown, for instance indirect facilitation, in

this type of illustration. When there are three or more linked trophic levels, the dynamic

effect is often a TROPHIC CASCADE (SLIDE 20). Cascades involve a mix of both direct

and indirect effects and can be illustrated by cartoon-like and greatly simplified food

webs that identify a significant role played by single species or an apex predator. Although

the term trophic cascade is my creation, the following examples are the work of others.



Mary Power, now a professor

at the University of California,

Berkeley, took advantage of i vt o Ao reimin oo e S

seasonal droughts that isolated T e smumns o s 4

pools in a shallow stream. The | / N D wx

three level food web was o0 e dwoms Ao Hedidibm Gotiino  Bossls  Livothamom

described (SLIDE 21) with bass at it swwews  mamese  meae Ao

the top, feeding on minnows that IK\

in turn consumed benthic algae. S e Aere Ml Gelee Besele Lienamn
SLIDE-19

Pools lacking bass looked like

this with barren pebbles because of
overgrazing (SLIDE 22). When bass were
. Trophic Cascades
present, minnows were greatly reduced and
the algae flourished (SLIDE 23). Her

experimental manipulation was to divide pools

in half with bass only on one side (SLIDE 24);

the resultant differences between two and SLIDE-20

three trophic level systems repeats the patterns seen in her initial natural observations.

SLIDE-21 SLIDE-22



SLIDE-23 SLIDE-24

A non-experimental terrestrial study repeats the pattern. Coyotes (SLIDE 25), a smaller
relative of the wolf, inhabit many parts of North America. When common they often eat
feral, domestic cats, suppressing cat abundance. In areas without coyotes, such cats can
become abundant and feed extensively on smaller vertebrates like birds and lizards. A
qualitative food web (SLIDE 26) conveys the effect of this single apex predator. Coyotes
negatively affect cats and cats, birds. But because of the dynamics involved, the presence
of coyotes positively and indirectly benefit birds. Letting your cat roam outdoors is
harmful to the small vertebrates, but only when the apex predator in this urban setting is
rare. i

Another example involves a very large-
scale coastal marine ecosystem. When I
started my research on the Washington outer
coast, one of the obvious target species was an
abundant sea urchin (SLIDE 27). In tide pools

with dense urchins, few fleshy algae could be

found (SLIDE 28). However,
within a year after urchin

removal, the situation changed

dramatically (SLIDE 29) with

ﬁagmenl age
(time since
izclation)

important implications for the or gl

area

appearance and structure of

many marine ecosystems. In

SLIDE-26



SLIDE-31 SLIDE-32

the absence of urchins more species coexisted and the production of organic matter
increased greatly. My study provided the essential dynamic linkage between an
herbivore and its plant prey for what is broadly acknowledged as the premier trophic
cascade study, that of Professor Jim Estes (University of California, Santa Cruz) and his
coworkers. As observed in the 1970s at Aleutian islands without sea otters (SLIDE 30), sea
urchins dominated the shallow waters (SLIDE 31). Where otters were present, large urchins
were scarce and giant kelps flourished (SLIDE 32). However, when killer whales (SLIDE 33)
began to consume otters, the cascade reversed itself and the conspicuous link between
urchins and algae was reestablished, as this data slide illustrates (SLIDE 34). Although

there are no known changes in biodiversity between these different ecosystem



states, the appearance of the system and probably its primary production are clearly
responsive. The principle lessons derived from these kinds of studies, whether
experimental or comparative, are these: apex predators can have a powerful influence on
a community and the ability of its resident species to coexist; and illustrated food webs
provide an effective yet qualitative way of portraying these dynamics. In this sense they
are more than simply ecological cartoons but instead become a powerful educational

device.

Although one can read applied implications into these three studies, they are best
thought of as academic, question-driven ecology in that the ecologists chose a research
system from which to address a question rather than being motivated to solve some
pressing societal problem. This boundary is much less clear in the work of Brian Silliman
(Duke University). Globally there are many salt marsh ecosystems dominated by the salt-

tolerant grass Spartina (SLIDE 35). The primary members of this simplified food web are

snail that in turn can control the development
of the marsh grass. The question posed was,
did the crabs play a significant role in marsh
ecosystem? The answer was “yes” as his
experiments showed (SLIDE 37). Silliman has

since discovered that alligators (SLIDE 38)

are an important consumer of the

economically valuable crab.

f

It remains to be seen whether

this recovering apex predator
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will mirror the influence of killer
whales along the Aleutian chain

and alter or reverse the trophic
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cascade. The known linkage

pattern suggests that this is a

strong possibility, with Yoo




Blue crabs and
salt marshes

SLIDE-35

implications for conservation
(alligators), local economies
(crabs), and ecosystem services
(sea grasses). Food webs are an
effective means of conveying
these relationships to a broader

audience.

Understanding the menace

posed by invasive species also

Courtesy of B. Silliman

SLIDE-38 SLIDE-39

requires similar ecological detail as the following example illustrates. The peacock bass
(SLIDE 39) was introduced into the fresh waters of the Panama Canal about 1967. Its
immediate effects on the lake food web were profound (SLIDE 40) with populations of

fish- eating birds and other fishes diminished and with a resultant food web simplification.
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harmonious coexistence between

nature and mankind”. Achieving _. ] :

this goal will almost certainly = | > ‘,

involve difficult management \T /

decisions when apex predators o e
SLIDE-40

are involved if an ethical and

socially balanced solution is to be attained. If restoration is desired, deep knowledge of
the role and compounded influence of such species must be available to managers if
mistakes are to be avoided. Achieving a harmonious relationship with nature is a
reachable goal but one that will require knowledge not only of a species’ identity but
especially the role it might play in a system’s ecological structure and dynamics. Apex
predators, species that are often persecuted and potential keystone species, should be a
primary focus. Such efforts will help maintain or restore harmony to nature and in the
process be in humanity’s best interest. I have dedicated my career towards this goal, and
again thank the Expo ’90 Foundation for permitting me to discuss my life-long passion

for enjoying and understanding nature.



