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ABSTRACT
WHSKHQ$)RUEHV  ZDVDQ$PHULFDQHQWRmologist/zoologist who was born, raised and largely
educated in northern Illinois. He spent most of his professional career as the director of the Illinois Natural History
Survey and as a faculty member and administrator at the
8QLYHUVLW\RI,OOLQRLV(DUO\LQKLVVFLHQWL¿FFDUHHUKHVWXGLHG¿VKDQGELUGGLHWVE\H[DPLQLQJWKHVWRPDFKFRQWHQWV
of these animals. In 1887, he published his most famous
DQGLQÀXHQWLDOSDSHU³7KHODNHDVDPLFURFRVP´ZKLFK
contains one of the earliest formulations of what came to be
called the ecosystem. In this paper, Forbes describes a hypothetical isolated, small lake as being a microcosm that is
in equilibrium. This equilibrium is the result of trophic interactions among the organisms in the microcosm that limit
the sizes of both predator and prey populations. Forbes
believed that natural selection was responsible for limiting
the reproductive capacities of predators and prey. Although
energy transfer among trophic levels is not the main focus
RIKLVSDSHU)RUEHVSRVWXODWHGWKDWIRRG HQHUJ\ LVRQH
of the main factors structuring ecosystems, but he did not
H[SOLFLWO\GLVFXVVWKHHQHUJHWLFVRIKLVODNHPLFURFRVP
)RUEHV¶PLFURFRVPLVEDVHGRQKLVVWXGLHVRIWKHVKDOORZ
portions of small, glacial lakes in northern Illinois that were
dominated by aquatic plants. Today his microcosm would
EHFODVVL¿HGDVDSDOXVWULQHRUODFXVWULQHZHWODQG

S

STEPHEN ALFRED FORBES
6WHSKHQ$OIUHG)RUEHV )LJXUH ZDVDPDMRU
¿JXUHLQWKHGHYHORSPHQWRIHFRORJ\HVSHFLDOO\DQLPDO
ecology, in the United States during the last quarter of the
QLQHWHHQWKDQG¿UVWTXDUWHURIWKHWZHQWLHWKFHQWXU\ .LQJVODQGYDQGHU9DON +HZDVDQHQWRPRORJLVW
interested in insect pests of crops and diseases of insects,
EXWKHDOVRGLGUHVHDUFKRQ¿VKDQGELUGV+HSLRQHHUHG
the use of stomach contents to work out food webs in both
aquatic and terrestrial systems. Much of his research was
done in response to crop pest issues facing farmers in Illinois. His research career started in the mid-1870s when
KHGHFLGHGWRWU\WRVROYHWKH³%LUG4XHVWLRQ´:HUHELUGV
EHQH¿FLDOWRIDUPHUVRUQRW"%LUGVDWHLQVHFWVWKDWGDPDJHG
&RUUHVSRQGLQJDXWKRUYDON#LDVWDWHHGX, 515-294-4374
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crops, but birds also ate some kinds of crops, particularly
grains. It was trying to answer this question that got Forbes
ORRNLQJDWVWRPDFKFRQWHQWVRIELUGVDVDZD\WR¿JXUHRXW
what they were eating. Throughout his career Forbes advocated that ecologists should emphasize research that would
EHQH¿WIDUPHUV¿VKHUPHQKXQWHUVHWFZKRXOWLPDWHO\
VXSSRUWHGWKHLUUHVHDUFK )RUEHV 
FIGURE 14UFQIFO"MGSFE'PSCFT  'SPN)PXBSE  

Forbes was born, raised, and mostly educated in northern
,OOLQRLV+HVSHQWWKH&LYLO:DULQWKH8QLRQ$UP\¿JKWLQJLQ
VRXWKHUQVWDWHV 0LVVLVVLSSL$ODEDPDDQG7HQQHVVHH $IWHU
WKHZDUKHVWXGLHGPHGLFLQHLQ&KLFDJREXWQHYHU¿QLVKHG
medical school. Instead he got interested in natural history

and eventually became the curator of the Illinois State Natural History Society Museum and an instructor of zoology at
Illinois State Normal University. He then helped establish
the Illinois State Laboratory of Natural History and became
LWV¿UVWGLUHFWRU)RUEHVKDGDGLVWLQJXLVKHGFDUHHUDUHERWK
DUHVHDUFKHUDQGDGPLQLVWUDWRU,OOLQRLV6WDWH(QWRPRORJLVW
professor of zoology and entomology at the University of
,OOLQRLVDQG'HDQRIWKH&ROOHJHRI6FLHQFHDWWKH8QLYHUVLW\
RI,OOLQRLV+HVHUYHGDVSUHVLGHQWRIDQXPEHURIVFLHQWL¿F
VRFLHWLHVLQFOXGLQJWKH(FRORJLFDO6RFLHW\RI$PHULFDDQG
was elected a member of the National Academy of Sciences.
)RUDGHWDLOHGDFFRXQWRI)RUEHV¶OLIHDQGWLPHVVHH+RZDUG
 DQGHVSHFLDOO\&URNHU  DQGIRUDQHYDOXDWLRQRI
KLVVFLHQWL¿FFDUHHU/RYHO\  
0RVWRIKLVVFLHQWL¿FSXEOLFDWLRQVGHDOZLWKVRPH
aspect of applied entomology. During his lifetime, he
SXEOLVKHGQHDUO\ERRNVDQGSDSHUV VHH/RYHO\ 
RIZKLFKRQO\GHDOZLWKDTXDWLFWRSLFVSULPDULO\¿VK
DQGWKHLUIRRGV$W¿UVWJODQFH)RUEHVGRHVQRWVHHPWR
have ever studied wetlands. Not one of his aquatic papers
has any term like bog, marsh or swamp, in the title. The
FORVHVWWKDW\RXJHWLVDQSDSHU³'HVWUXFWLRQRI¿VK
IRRGE\EODGGHUZRUW Utricularia ´7KLVLVDKDOISDJH
note describing the invertebrates found in some Utricularia
bladders. He includes the same information in “The lake as
PLFURFRVP´ )RUEHV 
THE LAKE AS A MICROCOSM
Stephen A. Forbes is best known today as the author of
“The lake as a microcosm,” which was a paper he delivered
WRPHPEHUVRIWKH3HRULD6FLHQWL¿F$VVRFLDWLRQRQ)HEUXary 25, 1887 and that was published in the their Bulletin
)RUEHV 2 This talk and resulting paper are based on
research that he and his colleagues conducted starting in the
PLGVWKDWIRFXVHGRQWKHIRRGRI,OOLQRLV¿VKHV )RUEHV
E %HFDXVHRILWVVLJQL¿FDQFHIRUWKHGHYHORSPHQWRI
WKHHFRV\VWHPFRQFHSW 2GXP+DJHQ*ROOH\
+DQVVRQHWDO DJUHDWGHDOKDVEHHQZULWWHQ
DERXWWKLVSDSHU %RFNLQJ/RYHO\6FKQHLGHU
&URNHUDQGQXPHURXVSDSHUVFLWHGE\WKHP ,W
is considered to be a classic paper in the history of ecology.
$QH[FHUSWIURPLWZDVLQFOXGHGLQ.RUPRQG\¶VReadings in
Ecology  LQWKHVHFWLRQRQ7KH&RQFHSWRIWKH(FRV\VWHP7KLVZDVDQHDUO\DQGLQÀXHQWLDOFRPSLODWLRQRIWKH
most important papers in the development of ecology. The
entire 1925 reprinted version of the paper is included in Real
DQG%URZQ  Foundations of Ecology: Classic Papers
with Commentaries,WLVWKH¿UVWSDSHULQWKLVYROXPHLQWKH
section called Foundational Papers.
2 He also gave this talk as a commencement address at the University of Indiana
WKDWVDPH\HDU &URNHU 

Today, only the concluding pages of this classic paper
are of general interest. In them, Forbes outlines his beliefs
that the organisms in the lake microcosm are part of a
community of interest and that predator-prey interactions
have evolved so that the lake microcosm is in equilibrium.
Although Forbes showed that food webs were an important
link among species at different trophic levels in his idealized lake microcosm, his emphasis is not on ecosystem
energetics, but on demonstrating that species interactions
result in community or assemblage stability. Nevertheless,
WKLVSDSHULVVHHQDVDSLRQHHULQJH[SORUDWLRQRIHFRV\VWHP
HQHUJHWLFV 2GXP+DJHQ*ROOH\+DQVVRQHWDO 7KLVLVQRWKRZHYHUWKHFHQWUDOIRFXV
of the paper. Forbes wanted to show that the struggle for
H[LVWHQFHWKDW'DUZLQSURSRVHGDVDPDMRUPHFKDQLVPIRU
QDWXUDOVHOHFWLRQZRXOGUHVXOWLQDQDGMXVWPHQWRIUHSURGXFtive rates for both predators and prey and that this would
result in stable population sizes of all the components of
the microcosm. The results of this balanced mortality is that
primeval, natural communities or assemblages are in equilibrium, unless disrupted for some reason, especially by
man. This is an idea that Forbes had previously developed
LQPRUHGHWDLOLQDQSDSHU³2QVRPHLQWHUDFWLRQVRI
RUJDQLVPV´ )RUEHVD 
Forbes had also introduced his concept of a microcosm
LQDQRWKHUSDSHUSXEOLVKHGLQ³7KHIRRGRI¿VKHV´
)RUEHVE ³)RUDFOHDUFRQFHSWLRQRIWKHJHQHUDODQG
intricate interdependence of the different forms of organic
life upon the earth, one can not [sic] do better than to study
thoroughly the life of a permanent body of fresh water, -- a
river or smaller stream, or better then these, a lake. The
animals of such a body of water are, as a whole, curiously
isolated, -- closely related among themselves in all their
interests, but so far independent of the life of the land
about them that if every terrestrial plant and animal were
annihilated it would doubtless be long before the general
multitude of the inhabitants of the lake or stream would
IHHOWKHHIIHFWVRIWKLVHYHQWLQDQ\LPSRUWDQWZD\´ )RUEHV
ES ³&RQVHTXHQWO\RQH¿QGVLQDVLQJOHERG\
of water a far more complete and independent equilibrium
of organic life and activity than in any equal body of land.
It forms a little world within itself, -- a microcosm within
which all the elemental forces are at work and the play of
life goes on in full, but on a small scale as to bring it easily
ZLWKLQWKHPHQWDOJUDVS´ )RUEHVES ³1RZKHUH
can one see more clearly illustrated what may be called the
sensibility RIVXFKDQRUJDQLFFRPSOH[H[SUHVVHGE\WKH
fact that whatever affects any species belonging to it, must
VSHHGLO\KDYHLWVLQÀXHQFHRIVRPHVRUWXSRQWKHZKROH
DVVHPEODJH´ )RUEHVES 7KHVHTXRWHVDUHIURP
)RUEHV¶HDUOLHUSDSHUVRQWKH³7KHIRRGRI¿VKHV´9LUWXDOO\
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WKHVDPHDUJXPHQWVDQGODQJXDJHDUHXVHGWRMXVWLI\ZK\
DODNHLVDQLGHDOV\VWHPIRUH[DPLQLQJZKDWLVUHVSRQVLEOH
IRUWKHVWDELOLW\RIQDWXUDO RUJDQLF DVVHPEODJHVLQ³7KH
lake as a microcosm.” In fact, in “The lake as a microcosm” Forbes was recycling much of what he had already
SXEOLVKHGLQLQ³7KHIRRGRI¿VKHV´DQG³2QVRPH
interactions of organisms.”
In both his 1880b and 1887 papers, Forbes never adHTXDWHO\GH¿QHVZKDWKHPHDQVE\DPLFURFRVP,WVHHPV
WREHMXVWDQLVRODWHGSLHFHRUSDUWRIWKHQDWXUDOZRUOGZLWK
clear boundaries that is isolated from the rest of nature.
Because such situations are rare, as Forbes himself makes
clear, this makes it a concept of rather limited utility. If
most of the world cannot be easily divided into different
microcosms, including all terrestrial communities and most
other aquatic communities, how do these non-microcosms
GLIIHUIURPPLFURFRVPV")RUEHVLQ³7KHODNHDVDPLFURFRVP´VHHPVWREHH[SODLQLQJWKHH[FHSWLRQQRWWKHUXOH
Nevertheless, Forbes does stress that all pieces or parts of
nature need to be studied as a unit, and this became a cenWUDOWHQHWLQHFRORJ\ &URNHU 
([DFWO\ZKDWNLQGRIODNHVGLG)RUEHVKDYHLQPLQG"
)RUEHVLVYHU\VSHFL¿FDERXWWKHDQVZHUWRWKLVTXHVWLRQ,Q
the “The lake as a microcosm” Forbes describes in consid-

erable detail the small lakes of northern Illinois and their
ÀRUDDQGIDXQDWKDWKHXVHGDVWKHEDVLVIRUKLVLGHDOL]HG
ODNHPLFURFRVP)RUEHV  GLVWLQJXLVKHVWZREURDG
FODVVHVRIVPDOOODNHVZKLFKKHUHIHUVWRDV³ÀXYLDWLOH´
ODNHVLHWKRVHDVVRFLDWHGZLWKULYHUVDQGWKHLUÀRRGplains, and “water-shed” [sic] lakes, i.e., those small lakes
not associated with rivers.
)RUEHVGHVFULEHVÀXYLDWLOHODNHVDVKLJKO\G\QDPLF
EHFDXVHWKH\DUHUHJXODUO\ÀRRGHGE\RYHUÀRZLQJULYHUV
³(QRXJKKDVEHHQVDLGWRLOOXVWUDWHWKHJHQHUDOLGHDWKDWWKH
OLIHRIZDWHUVVXEMHFWWRSHULRGLFDOH[SDQVLRQVRIFRQVLGHUDEOHGXUDWLRQLVSHFXOLDUO\XQVWDEOHDQGÀXFWXDWLQJ
-- that each species swings, pendulum-like, but irregularly,
EHWZHHQDKLJKHVWDQGDORZHVWSRLQWDQGWKDWWKLVÀXFWXDtion affects the different classes successively, in the order of
WKHLUGHSHQGHQFHXSRQHDFKRWKHUIRUIRRG´ Snote
that all page numbers that follow are for the 1925 reprint of
the 1887 paper )RUEHVWKHQVZLWFKHVWRZDWHUVKHGODNHV
which according to him are the much more stable lakes.
Water-shed lakes in northern Illinois are found on “a
nearly level plateau with slight irregularities of the surface,
many of these will probably be imperfectly drained and
the accumulating water will form either marshes or lakes,
DFFRUGLQJWRWKHGHSWKRIWKHGHSUHVVLRQ´ S 7KHVH

FIGURE 2.1PTUDBSEPG'PY-BLF DJSDB3FQSJOUFEXJUIUIFQFSNJTTJPOPGUIF-BLF$PVOUZ'PSFTU1SFTFSWF%VOO.VTFVN
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lakes were glacial in origin and formed in depressions in
JODFLDOWLOO)RUEHVXVHGKLVVWXGLHVRIVSHFL¿FODNHV )R[
/RQJ&HGDUDQG'HHS LQQRUWKHDVWHUQ,OOLQRLV /DNH
&RXQW\ DQGQHDUE\*HQHYD/DNHLQVRXWKHDVWHUQ:LVFRQVLQWRGHYHORSKLVLGHDOODNHPLFURFRVP7KH¿HOGZRUN
RQWKHVHODNHVZDVGRQHEHWZHHQDQG &URNHU
 7KHVHODNHVDVGHVFULEHGE\)RUEHV  DUH
small, but they do differ in size and depth. Most of them
have “marshy” vegetation along the margins and their
basins generally were not very deep, although they usually
KDGRQHRUPRUHGHHSHUVSRWV)RUH[DPSOHWKHQRUWKHUQ
DQGHDVWHUQEDVLQVRI)R[/DNH )LJXUHVDQG ³ZHUH
visibly shallow – covered with weeds and feeding waterIRZO«´ S )RUEHV¶HVWLPDWHWKDWPRVWRIWKHODNHLV
OHVVWKDQIDWKRPVGHHS FDP EXWKHGLG¿QGDVPDOO
GHHSDUHDRIIDWKRPV P 0RVWRIWKHRWKHUODNHVKDG
comparable deep areas: 11.5 m for Long Lake; 8.3 m for
&HGDU/DNH PXFKRIWKHODNHKRZHYHUZDVPXFKVKDOORZHUDQG³IXOORIZDWHUSODQWV´ PIRU'HHS/DNH
ZKLOH*HQHYD/DNHZDVWKHH[FHSWLRQDWP
Forbes spends most the paper describing the vegetation and animal communities of these small lakes. “… so
clogged with weeds that a boat can scarcely be pushed
through the mass; when, lifting a handful of the latter he

¿QGVWKHPFRYHUHGZLWKVKHOOVDQGDOLYHZLWKVPDOOFUXVtaceans; and then, dragging a towing net for few minutes,
¿QGVLWOLQHGZLWKP\ULDGVRIGLDWRPVDQGRWKHUPLFURVFRSLF$OJDHDQGZLWKPXOWLWXGHVRI(QWRPRVWUDFD>DQROG
WHUPIRUVRPHRUGHUVRI&UXVWDFHD@KHLVOLNHO\WRLQIHUWKDW
WKHVHZDWHUVDUHHYHU\ZKHUHVZDUPLQJZLWKOLIH´ S 
+HJRHVRQWRGHVFULEHWKHYHJHWDWLRQDQGLWVDVVRFLDWHG¿VK
fauna in more detail. “Among the weeds and the lily-pads
upon the shallows and around the margins, the Potamogeton, Myriophyllum, Ceratophyllum, Anacharis and Chara,
and the common Nelumbium [Nelumbo, Figure 3] – among
WKHVH¿VKHVFKLHÀ\VZLPDQGOXUNE\IDUWKHFRPPRQest being barbaric bream or “pumpkin seed” of northern
Illinois, splendid with its green and scarlet and purple and
RUDQJH/LWWOHOHVVDEXQGDQWLVWKHFRPPRQSHUFK Perca lutea LQWKHODUJHUODNHV±LQWKHODUJHVWRXWQXPEHULQJEUHDP
LWVHOI´ S 7KHUHZHUHDOVRJDPH¿VKLQFOXGLQJEODFN
RUODUJHPRXWKEDVV PRVWFRPPRQ SLFNHUHOJDUDQGGRJ
¿VK+HQRWHVWKDWWKH¿VKIDXQDRIWKHVHVPDOOODNHVLVYHU\
GLIIHUHQWIURPWKDWRI/DNH0LFKLJDQ ³EXUERWZKLWH¿VK
WURXWODNHKHUULQJRUFLVFRHWF ´ S 7KHZDWHULQ
these small, shallow lakes is much too warm in the sumPHUWRVXSSRUWWKHFROGZDWHU¿VKIRXQGLQ/DNH0LFKLJDQ
7KHLQYHUWHEUDWHIDXQD ELYDOYHVLQVHFWVZRUPV&UXVWD-

FIGURE 3. Postcard of an American lotus (Nelumbo lutea Willd.) bed in Fox Lake in the early twentieth century. Reprinted with the permission of the
Lake County Forest Preserve Dunn Museum.
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FHDDQG(QWRPRVWUDFDSULPDULO\FODGRFHUDRVWUDFRGVDQG
FRSHSRGV RIVPDOOODNHVLVDOVRGHVFULEHGDQGVRPHWLPHV
compared with the invertebrate fauna of Lake Michigan,
ZKLFK)RUEHVKDGDOVRVWXGLHG )RUEHV 
Forbes notes that “The system, of aquatic animal life
rests essentially upon the vegetable world, although perhaps less strictly than does the terrestrial system, and in a
large and deep lake vegetation is much less abundant than
in a narrower and shallower one, not only relatively to the
amount of water but also to the area of the bottom. From
WKLVGH¿FLHQF\RISODQWOLIHUHVXOWVDGH¿FLHQF\RIIRRGIRU
(QWRPRVWUDFDZKHWKHURIDOJDHRI3URWR]RDRURIKLJKHU
IRUPVDQGKHQFHRIFRXUVHDVPDOOHUQXPEHURIWKH(QWRmostraca themselves, and these with more slender bodies, suitable for more rapid locomotion and wider range.”
S )RUEHV¶SLRQHHULQJZRUNRQIRRGRI¿VKHV )RUEHV
E KDGGHPRQVWUDWHGWKDW(QWRPRVWUDFDDUHDNH\FRPSRQHQWRIODNHIRRGFKDLQVIRU¿VKHVSHFLDOO\\RXQJ¿VK
of nearly all species. “…the marshes and shallower lakes
DUHWKHIDYRULWHEUHHGLQJJURXQGVRI¿VKHVZKLFKPLJUDWH
to them in spawning time if possible, and it is from the
(QWRPRVWUDFDIRXQGKHUHWKDWPRVW\RXQJ¿VKHVJHWWKHLU
HDUOLHVWIRRGVXSSOLHV«´ S 
Having set the scene, Forbes then goes on to consider
some of the interactions among animals in these lakes with
a focus on black or large-mouth bass. The emphasis is on
the food eaten by bass, especially young bass, and on bass
FRPSHWLWRUVDQGSUHGDWRUV³«DOORXU\RXQJ¿VKHVH[FHSW
WKH&DWRVWRPLGDHIHHGDW¿UVWDOPRVWZKROO\RQ(QWRPRVWUDFDVRWKDWWKHOLWWOHEDVV¿QGVKLPVHOIDWWKHYHU\EHJLQning of his life engaged in a scramble for food with all the
RWKHUOLWWOH¿VKHVLQWKHODNH,QIDFWQRWRQO\\RXQJ¿VKHV
but a multitude of other animals as well, especially insects
DQGWKHODUJHU&UXVWDFHDIHHGXSRQWKHVH(QWRPRVWUDFDVR
WKDWWKHFRPSHWLWRUVRIWKHEDVVDUHQRWFRQ¿QHGWRPHPEHUVRILWVRZQFODVV(YHQPROOXVNVZKLOHWKH\GRQRW
directly compete with it do so indirectly, for they appropriate myriads of the microscopic forms upon which the
(QWRPRVWUDFDODUJHO\GHSHQGIRUIRRG%XWWKHHQHPLHVRI
the bass do not all attack it by appropriating its food supSOLHVIRUPDQ\GHYRXUWKHOLWWOH¿VKLWVHOI$JUHDWYDULHW\
RISUHGDFHRXV¿VKHVWXUWOHVZDWHUVQDNHVZDGLQJDQG
diving birds, and even bugs of gigantic dimensions destroy
it on the slightest opportunity. It is in fact hardly too much
WRVD\WKDW¿VKHVZKLFKUHDFKPDWXULW\DUHUHODWLYHO\DVUDUH
DVFHQWHQDULDQVDPRQJKXPDQNLQG´ S 
1RWRQO\DUHRWKHU¿VKVSHFLHVDQGRWKHUDQLPDOV
FRPSHWLWRUVRIWKHEDVVIRU(QWRPRVWUDFDEXWVRDUHVRPH
plants. “As an illustration of the remote and unsuspected
rivalries which reveal themselves on a careful study of
VXFKDVLWXDWLRQZHPD\WDNHWKHUHODWLRQVRI¿VKHVWRWKH
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EODGGHUZRUW²DÀRZHULQJSODQWZKLFK¿OOVPDQ\DFUHVRI
the water in the shallow lakes of northern Illinois. Upon
the leaves of this species are found little bladders—several
KXQGUHGWRHDFKSODQW²ZKLFKZKHQFORVHO\H[DPLQHGDUH
VHHQWREHWLQ\WUDSVIRUWKHFDSWXUHRI(QWRPRVWUDFDDQG
other minute animals. The plant usually has no roots, but
lives entirely upon the animal food obtained through these
OLWWOHEODGGHUV´ S )RUEHVWKHQJRHVRQWRGLVFXVVWKH
results of his studies of the content of Utricularia bladders:
WKH\FRQWDLQHGPRVWO\(QWRPRVWUDFD
Finally, in the last two pages Forbes gets to the takeKRPHPHVVDJHVRIKLVSDSHU  Natural assemblages
like his lake microcosm are in equilibrium. “Perhaps no
phenomenon of life in such a situation is more remarkable
than the steady balance of organic nature, which holds each
species within the limits of a uniform average number, year
after year, although each one is always doing its best to
break across boundaries on every side. The reproductive
UDWHLVXVXDOO\HQRUPRXVDQGWKHVWUXJJOHIRUH[LVWHQFHLV
FRUUHVSRQGLQJO\VHYHUH(YHU\DQLPDOZLWKLQWKHVHERXQGV
KDVLWVHQHPLHVDQG1DWXUHVHHPVWRKDYHWD[HGKHUVNLOO
and ingenuity to the utmost to furnish these enemies with
contrivances for the destruction of their prey in myriads.
For every defensive device with which she has armed an
animal, she has invented a still more effective apparatus
of destruction and bestowed it upon some foe, thus striving with unending pertinacity to outwit herself; and yet
life does not perish in the lake, nor even oscillate to any
considerable degree, but on the contrary the little community secluded here is as prosperous as if its state were one
of profound and perpetual peace. Although every species
KDVWR¿JKWLWVZD\LQFKE\LQFKIURPWKHHJJWRPDWXULW\
\HWQRVSHFLHVLVH[WHUPLQDWHGEXWHDFKLVPDLQWDLQHGDWD
UHJXODUDYHUDJHQXPEHUZKLFKZHVKDOO¿QGJRRGUHDVRQWR
believe is the greatest for which there is, year after year, a
VXI¿FLHQWVXSSO\RIIRRG´ S 
Forbes continues “It is a self-evident proposition that
a species can not [sic] maintain itself continuously, year
after year, unless its birth-rate at least equals its death-rate.
If it is preyed upon by another species, it must produce
UHJXODUO\DQH[FHVVRILQGLYLGXDOVIRUGHVWUXFWLRQRUHOVHLW
PXVWFHUWDLQO\GZLQGOHDQGGLVDSSHDU2QWKHRWKHUKDQG
the dependent species evidently must not appropriate, on an
DYHUDJHDQ\PRUHWKDQWKHVXUSOXVDQGH[FHVVRILQGLYLGXals upon which it preys, for if it does so it will continuously
diminish its own food supply, and thus indirectly but surely
H[WHUPLQDWHLWVHOI7KHLQWHUHVWVRIERWKSDUWLHVZLOOWKHUHIRUHEHEHVWVHUYHGE\DQDGMXVWPHQWRIWKHLUUHVSHFWLYH
rates of multiplication such that the species devoured shall
IXUQLVKDQH[FHVVRIQXPEHUVWRVXSSO\WKHZDQWVRIWKH
GHYRXUHUDQGWKDWWKHODWWHUVKDOOFRQ¿QHLWVDSSURSULDWLRQV

WRWKHH[FHVVWKXVIXUQLVKHG:HWKXVVHHWKDWWKHUHLVUHDOO\
a close community of interest between these two seemingly
GHDGO\IRHV´ S 
 Natural selection is the mechanism responsible for
WKHHTXLOLEULXPRIQDWXUDODVVHPEODJHVDVH[HPSOL¿HGE\
small lakes³$QGQH[WZHQRWHWKDWWKLVFRPPRQLQWHUest is promoted by the process of natural selection; for it
LVWKHJUHDWRI¿FHRIWKLVSURFHVVWRHOLPLQDWHWKHXQ¿W,I
two species standing to each other in the relation of hunter
DQGSUH\DUHRUEHFRPHEDGO\DGMXVWHGLQUHVSHFWWRWKHLU
rates of increase, so that the one preyed upon is kept very
IDUEHORZWKHQRUPDOQXPEHUZKLFKPLJKW¿QGIRRGHYHQ
if they do not presently obliterate each other the pair are
placed at a disadvantage in the battle for life, and must
VXIIHUDFFRUGLQJO\-XVWDVFHUWDLQO\DVWKHWKULIW\EXVLQHVV
PDQZKROLYHVZLWKLQKLVLQFRPHZLOO¿QDOO\GLVSRVVHVVKLV
shiftless competitor who can never pay his debts, the wellDGMXVWHGDTXDWLFDQLPDOZLOOLQWLPHFURZGRXWLWVSRRUO\
DGMXVWHGFRPSHWLWRUVIRUIRRGDQGIRUWKHYDULRXVJRRGVRI
OLIH&RQVHTXHQWO\ZHPD\EHOLHYHWKDWLQWKHORQJUXQDQG
as a general rule those species which have survived, are
WKRVHZKLFKKDYHUHDFKHGDIDLUO\FORVHDGMXVWPHQWLQWKLV
SDUWLFXODU¶ SS 
Forbes summarizes his discussion about the equilibrium that he thinks characterizes natural assemblages:
³7ZRLGHDVDUHWKXVVHHQWREHVXI¿FLHQWWRH[SODLQWKH
RUGHUHYROYHGIURPWKLVVHHPLQJFKDRVWKH¿UVWWKDWRID
general community of interests among all the classes of
organic beings here assembled, and the second that of the
EHQH¿FHQWSRZHURIQDWXUDOVHOHFWLRQZKLFKFRPSHOVVXFK
DGMXVWPHQWVRIWKHUDWHVRIGHVWUXFWLRQDQGRIPXOWLSOLFDtion of the various species as shall best promote this comPRQLQWHUHVW´ S 
)RUEHVZDVQRWWKH¿UVWHDUO\HFRORJLVWWRSRVWXODWHWKDW
natural, undisturbed communities or assemblages are in
equilibrium because of interactions among their component
VSHFLHV(DUOLHU0|ELXVKDGFRPHWRDVLPLODUFRQFOXVLRQ
EDVHGRQKLVVWXGLHVRIR\VWHUEHGV YDQGHU9DON 
Many historians of ecology have pointed out the similarity
RIWKH)RUEHV¶ODNHPLFURFRVPDQG0|ELXVELRF|QRVH HJ
%RFNLQJ/RYHO\&URNHUYDQGHU9DON
 0|ELXVSXEOLVKHGKLVSDSHURQR\VWHUEHGVLQ
DQGDQ(QJOLVKWUDQVODWLRQZDVSXEOLVKHGLQ 5LFH
 LQD¿VKHULHVSXEOLFDWLRQWKDW)RUEHVZDVNQRZQWR
read. Forbes, however, had developed his basic ideas about
the stability of natural assemblages by 1880 in a paper enWLWOHG³2QVRPHLQWHUDFWLRQVRIRUJDQLVPV´ )RUEHVD 
In fact, he points to this earlier paper for a “fuller statement” about his position in the 1925 version of “The lake
DVDPLFURFRVP´+RZPXFK)RUEHV¶WKLQNLQJZDVLQÀXHQFHGE\0|ELXVZLOOSUREDEO\QHYHUEHNQRZQIRUFHUWDLQ

/RYHO\&URNHU )RUEHVGRHVQRWFLWH0|ELXV
in his 1887 paper or in the 1925 reprint of it or in any of
KLVHDUOLHUSXEOLFDWLRQVOLNH³7KHIRRGRI¿VKHV´ )RUEHV
E 7KHLGHDWKDWQDWXUDODVVHPEODJHVZHUHLQKHUHQWO\
stable, the balance of nature as it was called at that time,
was common in the nineteenth century among naturalists
DQGHDUO\HFRORJLVWV (JHUWRQ ,WLVQRWVXUSULVLQJWKDW
)RUEHVDQG0|ELXVKHOGVLPLODUYLHZV,WVKRXOGEHQRWHG
however, they believed that very different mechanisms
were responsible for assemblages being in equilibrium.
Forbes held that it was mechanisms regulating food supSOLHVZKLOH0|ELXVHPSKDVL]HGFRPSHWLWLRQIRUVSDFH
Forbes, however, made a more compelling and detailed
case for his view that primeval, natural assemblages are in
equilibrium as a result of trophic interactions in his 1880
SDSHU³2QVRPHLQWHUDFWLRQVRIRUJDQLVPV´ )RUEHVD 
Ironically, this paper is largely forgotten today.
LAKES OR WETLANDS?
,WLVFOHDUIURPUHDGLQJ)RUEHV¶SDSHUVWKDWWKHVPDOO
“lakes” on which he modeled his idealized “microcosm”
ZHUHUHDOO\ZHWODQGVDVGH¿QHGE\&RZDUGLQHWDO  
%DVHGRQKLVGHVFULSWLRQVRIWKHP PRVWO\VKDOORZ
GRPLQDWHGE\DTXDWLFSODQWVVHH)LJXUHVDQG DQG
their fauna, they were either large palustrine wetlands or
in some cases wide lacustrine wetlands associated with
small lakes. In fact, most large palustrine wetlands in the
Upper Midwest are called lakes. There was no other term
to describe them during the nineteenth century when this
DUHDZDV¿UVWVHWWOHG
Forbs seems to have been attracted to these wetlands
because of their obvious high production of both plants and
animals. His brief descriptions of deep water areas in lakes
are mostly negative in tone: “singularly barren of both plant
and animal life” and “as simple and scanty as … a desert”
)RUEHVS 7KHÀXYLDWLOHODNHVXQGRXEWHGO\
also wetlands, are too prone to disturbances, which disrupt the “harmony of interactions among organic groups”
)RUEHVDS 7KHODNHPLFURFRVPIRU)RUEHVVHHPV
to represent a glimpse into the primeval condition of the
natural world that is free from human disturbances. It
“presents a settled harmony of interaction among organic
groups which is in strong contrast with the many serious
PDODGMXVWPHQWVRISODQWVDQGDQLPDOVIRXQGLQFRXQWULHV
RFFXSLHGE\PDQ´ )RUEHVDS %HFDXVHWKHVH
wetlands are well delimited and highly isolated systems
ZLWKFOHDUERXQGDULHVOLNHJLDQW¿VKERZOVRUZDGLQJSRROV
IXOORI³RUJDQLFOLIH´)RUEHV¿QGVLWHDVLHUWRFRPSUHKHQG
their overall organization and workings.
It is the aquatic plants in these wetlands which give
them a three-dimensional structure that seems to make
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them attractive to Forbes. The structure created by this
dense vegetation made it easier for him to envision the various food webs and the interactions among the animals that
DIIHFWDVSHFL¿FRUJDQLVPLQDIRRGZHE7KHDTXDWLFSODQWV
also made these lakes appear to be more stable. In larger
and deeper lakes not dominated by aquatic plants, a variety
of currents continuously alters the distribution and abundance of organisms at a variety of time scales. The food
ZHEVRI)RUEHV¶ZHWODQGVDUHVWDWLFUDWKHUWKDQG\QDPLF
Forbes ignores seasonal and interannual changes in them.
This makes it easier to comprehend and describe their food
webs. At the time that the paper was written, Forbes and
his colleagues had only sampled small Illinois lakes for a
FRXSOHRI\HDUVDQGRQO\LQ2FWREHU7KLVPD\JRDORQJ
ZD\WRH[SODLQZK\)RUEHVEHOLHYHGWKHVHZHWODQGVWREH
such stable entities.
Although Forbes did not realize it, he was studying the
food webs of wetlands, which he viewed as being in some
kind of primeval conditions and as yet unaffected by man.
This was not true of the uplands of northern Illinois which
LQ)RUEHV¶WLPHKDGEHHQODUJHO\FRQYHUWHGWRIDUPODQG
Forbes thus was an antecedent wetland ecologist, a sciHQWLVWZKRVHZRUNZDVLQÀXHQWLDOLQWKHGHYHORSPHQWRI
wetland ecology, but who did not consider himself to be a
ZHWODQGHFRORJLVWV YDQGHU9DON 7KHVDPHIHDWXUHV
RIZHWODQGV LVRODWLRQKLJKSURGXFWLYLW\DQGVWDELOLW\ WKDW
attracted Forbes to wetlands seem also to have played a
role in later studies of ecosystem energetics. Forbes never
TXDQWL¿HGIRRG HQHUJ\ ÀRZVZLWKLQZHWODQGVIURPWURSKLFOHYHOWRWURSKLFOHYHO7KLVZRXOGEHGRQHE\WKHQH[W
generation of ecologists working in wetlands: Raymond
/LQGHPDQ  DW&HGDU&UHHN%RJ0LQQHVRWDDQG
+RZDUG2GXP  DW6LOYHU6SULQJV)ORULGD6WDUWLQJZLWK)RUEHVZHWODQGVKDYHSOD\HGDPDMRUUROHLQWKH
development of ecosystem ecology. 
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