
Charles Darwin requested that his friend the
botanist Joseph Hooker tell the great explorer/sci-
ence thinker Alexander von Humboldt that the
"whole course of my life" was determined by reading
Humboldt's remarkable Personal Narrative (1852).
Darwin was said to have carried Humboldt's writ-
ings everywhere, and he referred to him as "the
greatest scientific traveler who ever lived." Indeed,
one can say that Darwin's late-in-life expressions of
the "network of life" reflected his foundation in
Humboldt, arguably our first ecologist per se.

In my mind, Lynn Margulis, whether she real-
ized it or not, was decidedly "Humboldtian." While
he relentlessly and physically explored previously
untouched areas of the globe, focusing particularly
on tropical ecosystems, Margulis mentally explored
those areas of biology where the mind had not dared
travel. His perseverance and unparalleled resource-
fulness led him to scale the highest mountain peaks
known in the early 19th century. She conquered
mountainous dogmatic science tradition and
obstructive male chauvinism in providing a new
realization of the dominance and impact of
endosymbiosis. Humboldt constantly ignored estab-
lished protocol by emphasizing the deep attributes
of indigenous peoples and the need to respect cul-
tures and races worldwide. Similarly, Margulis
rebelled against convention as well and paved the
way for a new emerging respect for Lamarck, Kozo-
Polyansky, Vernadsky and others. Humboldt invent-
ed entire new disciplines such as biogeography and
global ecology that allowed for new concepts of the
merger of life and non-life forces, which are more
relevant today than ever. She resurrected symbio-
genesis, co-originated Gaian concepts, and poked
holes in neo-Darwinian thinking, thereby initiating
new paradigms of how we see the earth and our-
selves. He stressed that living systems cannot be
understood without a geological context and con-
stantly saw the need to merge disciplines, while
Margulis forged a similar synergy, always revealing
the microbiogenic nature of much of the biosphere,

from limestone to oxygen proliferation. Humboldt
put his mind in outer space, gazing back to the flora
and fauna, the rocks and waters and thus promot-
ing the notion that accessing the whole – the Cosmos
– cannot be achieved solely through reductionist
thinking. Margulis travelled always in inner space,
the Microcosmos, and profoundly exposed the dom-
inance and impact of microbes extending back near-
ly four billion years. 

I am reminded of one of Lynn's lesser-known
studies (Duval and Margulis, 1995), which demon-
strates her often forgotten strong natural history
sensibility. A local pond revealed the mind-boggling
rare organism, Ophrydium versatile. One phase of
this heterotrophic protoctist, the zooids, build star-
tling semi-transparent gel-balls sometimes up to a
half meter in diameter that roll and dance at the
water surface. These arc-shaped zooids expand and
contract, capturing detritus in the water, while their
often elongated interior contains hundreds of algal
cells, usually of the genera Chlorella or Grasiella.
These endosymbiotic algae provide the high carbon
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flux needed to build these gelatinous aquaspheres.
The gel not only houses and protects the zooids but
supports about forty "selected" microbes living as a
community within. This unique microbially based
mass relies on endosymbiosis to ultimately express
a kind of mini biosphere of the earth – an ecology
within a gel-mass. It is as if the ideas of both
Humboldt and Margulis merged into this spectacu-
lar mega-chimeric expression – especially as the
analogy of the Ophrydium with our biosphere is
unavoidable.

While Humboldt has been and remains a special
guide and beacon to me, he nevertheless has only
been alive for me through the pages of a book and
through his wonderful geological and botanical
drawings. Lynn, on the other hand, was a living
flesh-and-blood mentor and friend for over three
decades. This began in 1978 on the first day I
attended her Evolution course, when I mistakenly
believed I would go on a journey into how primates
emerged and developed. Instead, the biological real-
ity of our living in a microbial world spurred waves
of new ideas, rethinking, and realizations that have
only grown more profound over the years. It was not
long before I became acutely aware of the dual (per-
haps even triple) ancestry of each of our cells (with
the exception of red blood cells) and the triple ances-
try of each of the plant and autotrophic protoctist
cells. It was also clear that eukaryotic "flagella"
should really be called "undulopodia" and that this
was not trivial, that the early gene sequencing of bio-
chemists Schwartz and Dayhoff (1978) provided an
open-and-shut case for the symbiotic origin of
eukaryotes, as Lynn pronounced in one memorable
class session, that biological sex has linkages to
symbiotic processes and microbial cannibalism,
that the prevailing view of just two basic kingdoms
rather than five or more was a myth; that many bac-
teria are not single-celled, and more, seemingly and
delightfully ad infinitum.

Within a couple years after the course, Lynn and
I found ourselves immersed in grand notions of a
"micro-museum," a unique active facility that would
help the public and especially teachers and their
schoolchildren discover the beauty and diversity of
the microbial world. While this particular vision did
not come to fruition with us, similar microbial
museums such as the Micrarium in Buxton,
England and the New York Hall of Science in
Queens, New York did, influenced by the thinking
and microbially-based writings of Lynn. However,
our "museum" idea did morph into the International
Microcosmos project (Zook, 1994) which eventually
led to nearly 400 teacher workshops on microbial
life throughout the U.S.A. and in six other nations, a

few in which Lynn directly participated with her
famed and inspiring gusto. 

Lynn's willingness and commitment to teach
and guide even on a pre-college level further exem-
plified the breadth of her wingspan, her willingness
to migrate and nurture near, far and in between.
This realization led me back to Humboldt, who
nearly two hundred years ago realized that we could
make better sense of the earth and its systems by
uniting geography, climate, and living things.
Humboldt thus envisaged the now commonly meas-
ured "isopleths" – comparative lines of air pressure,
temperature, or other data monitored globally.
Thus, Humboldtian views of the earth began to be
visualized as massive webs, with similar features
connected as contours around the globe, a forerun-
ner to our global measuring concepts today. Lynn's
expansive thinking and insights fit this Humboldtian
expression, for her ability to build many evidence-
based connections across all scales and disciplines
– including educating children about the earth – was
profound.

Neither Lynn nor Alex would have appreciated
these past tenses. Their ideas, risk-taking, findings,
principles, brilliance and energy inspire us all.
However, I am even more fortunate than Darwin, for
I move forward now embracing the wisdom of both
Alexander von Humboldt and Lynn Margulis.
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Opening keynote presentation at the 7th International
Symbiosis Congress (Kraków, Poland, July 2012), which
was dedicated to the memory of Lynn Margulis, outstanding
scientist. It is particularly appropriate that this tribute
appears in this journal based in Cracow, for shortly before
her passing, she told me how very much she looked forward
to coming to the Jagiellonian University in Cracow, “the
great city of Copernicus”, as the invited keynote speaker to
this Congress. DZ

Zook10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




