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Modeling the proportion of resident adults 
 
Detailed derivations of a single-watershed model under an odd scale formulation 
 
For the case of a single isolated watershed, we ask what controls the proportion of adult Awaous 
stamineus that went to sea as larvae. The proportion of resident adults, R, and sf and so are the 
survival rates of resident (freshwater) and seagoing (oceanic) larvae, respectively, and α is the 
larval amphidromy rate i.e. the proportion of larvae that go to sea.  

  , equation S1 

which is equation (1.1) in the text. This can be further rearranged to  
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 , equation S2 

which has the advantage of separating the terms and in so doing, expresses R in terms of the odds 
of larval amphidromy. 

Further mathematical simplification is possible by also putting adult residency on the 
odds scale, (R/(1-R)). Similar multiplicative relationships between probabilities are already 
present in the survival ratio, although this is not an odds because the values of sf and so are 
independent. Transforming equation S2 to consider the odds of adult residency yields  

  . equation S3 

Thus, when the odds rather than the probabilities of R and α are considered, the relationship 
between the three quantities is proportional, and the expression can be rearranged to solve for the 
other two quantities – the survival ratio and odds of larval amphidromy:   

  , equation S4 

And  

  . equation S5 

 
Plotting the same relationships as Figure 2 in the text on the log odds scale illustrates this 
proportionality (panel a, Figure S1). 
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Figure S1. Analogous to Figure 2 in the text, but here plotted as the log odds of larval 
amphidromy rate and log odds of resident adults. Dashed lines are R = 0.6 and R = 0.8. On this 
scale, the relationships are symmetric and additive, as shown in equations S3) and S5). 
Moreover, the particular initial and new values of R do not matter for panel b; multiplicative 
changes in R/(1 – R) depend only on the multiplicative changes in the other variables, not their 
values.   
 
Achieving a given change in R 
 In the text, we consider the changes in survival ratio, sf/so, and larval amphidromy rate, α, 
that could yield the observed changes in R from 0.6 to 0.8. Here, we develop general formulae to 
understand any given change from from Rinitial to Rnew, where these values are the proportion of 
resident adults at two different points in time. Although the text discusses the arithmetic 
differences in survival ratio and larval amphidromy, the mathematical development is clearest in 
terms of multiplicative changes on the odds scale. Equation S3 naturally leads to  

  , equation S6 

Which express how many times greater (or lower) the odds of adults being residents are in terms 
of multiplicative changes in the survival ratio and the odds of larvae going to sea. Just as 
equation S3 gives a log-linear relationship between residency odds , survival ratio, and 
amphidromy odds, equation S6 shows that multiplicative changes in residency odds are likewise 
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log-linearly related to multiplicative changes to survival fraction and amphidromy odds, 
illustrated in panel b of Figure S1. For clarity, the subscripts on larval amphidromy are inverted 
compared to the subscripts on the survival ratio and adult residency, so that larger values yield 
increased adult residency. This arrangement is needed because increased amphidromy sends 
more larvae to sea. The subscripts would be the other way around if we were considering the 
stay-home larval probability rather than the amphidromy probability. Turning the question 
around, in the situation where we have some multiplicative change x in the odds of adults being 
residents, e.g.  
 R

new
/ (1 R

new
)  x R
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/ (1 R

initial
)  , equation S7 

we can ask what changes in survival ratios and the odds of larval amphidromy are needed to 
achieve the change x. Substituting those terms S1.7 yields  
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  . equation S8 

Thus, an x-fold change in the quotient of survival ratio to the odds of larval amphidromy yields 
an x-fold change in the odds of adult amphidromy. This shift could occur if the new survival 
ratio is x times greater than the initial, or if the new odds of amphidromy are 1/x times the initial, 
or any combination of changes yielding the required x-fold change in their ratio. Said another 
way, expressions S1.6 and S1.8 say that when the survival ratio doubles or larval amphidromy 
becomes half as likely, the odds that an adult was a resident larva will double. One important 
outcome of this expression is that it is not contingent on the starting values of any variable; 
instead, all that matters is their proportional change. Thus, we can plot the multiplicative change 
in residency odds against the multiplicative changes in the other two terms without needing to 
specify particular values for the initial or new proportion of resident adults (R) (panel b, Figure 
S1).  

 
The proportionality and independence from initial conditions exposed in equation S6 has 

important implications for the specific shift in R from 0.6 to 0.8 we explore in the text. In Figure 
S3, we show that the values of survival ratio and larval amphidromy depend on each other to 
yield a given R, as well as a given change in R. However, as stated in the text and demonstrated 
here, the multiplicative changes on the odds scale for R are invariant. This conclusion follows 
directly from equations S6 and S8, and is shown in general in panel B of Figure S1. For the 
specific case of shifting R from 0.6 to 0.8, the odds that an adult is a resident shift from 1.5 to 4, 
yielding a multiplicative change in the odds (the LHS of S6 and the x of S7) of 2.67. If only one 
term changes, it must be by 2.67x, as shown in Figure S2 and equation S8. If both change, their 
joint multiplicative change must be 2.67x, as shown in general in panel (b) of Figure S2 and 
equation S8. 
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Figure S2. Multiplicative changes in adult survival ratio, panel a, and odds of larval 
amphidromy, panel b, necessary to shift the proportion of resident adults from R = 0.6 to R = 0.8, 
while holding the other variable constant at its value on the x-axis. Survival ratio (sf/so)80 is 
always 2.67x larger than (sf/so)60, and the odds of larval amphidromy at R = 0.6 are always 2.67x 
larger than at R = 0.8. Note that the larval amphidromy odds ratio is inverted for clarity, so that 
larger values indicate an increase in resident adults. 
 
 As we have seen here, equation S6 has useful mathematical properties and yields the 
mathematically simplest, most general results. However, it is often unintuitive to think in terms 
of multiplicative changes to odds, particularly in relating these modeling results to empirical 
measurements. What does it mean for the odds of larval amphidromy to change by 2.67x? How 
does that relate to empirical estimates of larval amphidromy rates? For this reason, we focus in 
the text on how arithmetic changes to the amphidromy rate itself and the survival ratio change 
the proportion of resident adults. We change one or the other variable while holding the other 
constant for clarity. We can rearrange equation S6 to yield  
 

   equation S9 

And  

  equation S10 

 
These expressions are clearly more complex, and most importantly, the size of the change in 
either variable needed to shift R a given amount depends on the value of the other variable, as 
shown in Figure S3. The key issue here is that an initial value of, for example, R60, requires a 
different survival ratio for each amphidromy rate. Because equation S6 says that the survival 
ratio needs to be 2.67x greater to yield R80, the arithmetic difference between survival ratios will 
change depending on the amphidromy rate. This is seen in Figure S3. 

 
The biological meaning of the terms are perhaps most intuitive to think of as 

multiplicative for survival ratios (x times more likely to survive in freshwater than ocean), while 
remaining on the scale of amphidromy rates (what proportion of larvae go to sea) and 
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proportions of resident adults. We can plot the changes to R in this way, but as shown in 
equations S9 and S10, we need to specify starting values. This relationship is plotted in Figure 
S3.  

 
 

 
Figure S3.  Arithmetic changes in survival ratio (panel a), and larval amphidromy (panel b), 
necessary to shift the proportion of resident adults from R = 0.6 to R = 0.8 (observed in 2009 and 
2011 respectively), while holding the other variable constant at its value on the x-axis. Note that 
although these differences change along each x- axis, the survival ratio (sf/so)80 is always 2.67x 
larger than (sf/so)60, and the odds of larval amphidromy at R = 0.6 are always 2.67x larger than at 
R = 0.8, as shown in Figure S2. 
 

0

25

50

75

100

0.00 0.25 0.50 0.75 1.00

Larval amphidromy 

C
ha

ng
e 

in
 s

ur
vi

va
l r

at
io

s
f

s
o
 8

0

s

f
s o
 6

0

0.00

0.05

0.10

0.15

0.20

0.25

−5.0 −2.5 0.0 2.5 5.0

Log survival ratio

logsf so

C
ha

ng
e 

in
 la

rv
al

 a
m

ph
id

ro
m

y


60



80

a b



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


