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“Estuarine nursery habitat use is an extremely important phenomenon and constitutes 
a general law regarding most of the large motile estuarine organisms of the south 
Atlantic and Gulf coast of the U.S. However, recognition of this phenomenon was so slow 
that no one deserves full credit for it, and appreciation of it came about so gradually 
that it stands as an example of how important generalizations are brought to light 
through the long laborious field work of a number of workers.” 
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Callinectes sapidus. 
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Gillichthys mirabilis
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N = 27



































Region Zone S 2003 F 2003 S 2004 F 2004

PBE
PBE1 0 ** 0 ** 4 0 **
PBE2 8 4 8 6
PBE3 0 ** 2 * 5 0 **
CICESE 0 ** 0 0 0 **

MB
MB 1 0 ** 5 0 * 8
MB 2 4 5 4 2
MB 3 4 * 4 8 2 *
SIO 0 *** 11 10 6






































A
Predicted Habitat

Todos Santos Port En PBE1 PBE2 PBE3 % Correct % Correct

Actual
Todos Santos 5 1 0 0 0 83 83
Port En 2 3 2 0 0 43 43
PBE1 1 3 7 1 0 58
PBE2 0 0 2 12 1 80 90
PBE3 0 0 0 1 12 92

Totals 8 7 11 14 13 74 83

B
Predicted Habitat

Todos Santos Port En PBE1 PBE2 PBE3 % Correct % Correct

Actual
Todos Santos 7 0 3 0 0 70 70
Port En 2 6 1 0 1 60 60
PBE1 0 1 23 3 0 85
PBE2 1 0 6 11 2 55 93
PBE3 2 1 0 2 15 75

Totals 12 8 33 16 18 70 86


















































                        Predicted Site Bay Zone 
LJ IB MB Inner SBD Inner MB Outer SDB Outer % Correct % Correct % Correct

Actual
LJ 13 0 0 0 0 0 100 100 100
IB 0 1 5 2 1 1 10 10 10
MB Inner 0 0 11 0 0 0 100  (MB) 83 (Inner) 91
SBD Inner 1 1 6 3 0 0 27 (SDB) 44
MB Outer 0 0 8 2 5 3 28  (Outer) 44
SDB Outer 1 0 7 4 1 8 38

Total 15 2 37 11 7 12 49 63 61





































A
           Predicted

PBE1 PBE2 PBE3 TSB % Correct

Actual
PBE1 3 0 0 1 75
PBE2 0 6 0 0 100
PBE3 0 0 5 0 100
TSB 0 0 0 9 100

Total 3 6 5 10 96

B
           Predicted

MB 1 MB 2 MB 3 SIO % Correct

Actual
MB 1 3 3 0 0 50
MB 2 0 3 1 0 75
MB 3 0 0 2 0 100
SIO 1 0 1 11 85

Total 4 6 4 11 76



























Between Group
SS df MS F-value p-value  Zone 1,2 Zone 1,3 Zone 2,3

PBE
55MN
Zone 0.002 2 0.001 6.904 0.003 0.934 <0.001 <0.001
Cage <0.001 1 <0.001 0.092 0.763
Zone*Cage <0.001 2 <0.001 1.337 0.276
Error 0.005 35 <0.001

138BA
Zone <0.001 2 <0.001 5.456 0.009 0.307 0.038 0.004
Cage <0.001 1 <0.001 0.675 0.417
Zone*Cage <0.001 2 <0.001 0.739 0.488
Error <0.001 35 <0.001

MB
55MN
Zone <0.001 2 <0.001 2.219 0.131 0.058 0.447 0.020
Cage <0.001 1 <0.001 8.459 0.008
Zone*Cage <0.001 2 <0.001 2.267 0.125
Error <0.001 24 <0.001

65CU
Zone <0.001 2 <0.001 1.745 0.195 0.350 0.040 0.258
Cage <0.001 1 <0.001 <0.001 0.993
Zone*Cage <0.001 2 <0.001 0.217 0.806
Error <0.001 24 <0.001

88SR
Zone 0.276 2 0.138 0.854 0.438 0.281 0.865 0.264
Cage 3.7 1 3.7 22.895 <0.001
Zone*Cage 0.772 2 0.386 2.388 0.113
Error 3.878 24 0.162

238U
Zone <0.001 2 <0.001 0.216 0.808 0.495 0.878 0.453
Cage <0.001 1 <0.001 0.255 0.618
Zone*Cage <0.001 2 <0.001 1.584 0.226
Error <0.001 24 <0.001
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Todos Santos PBE1 Caged PBE2 Caged PBE3 Caged

PBE1 Wild 1 4 3 0
PBE2 Wild 0 1 2 0
PBE3 Wild 0 2 1 0
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Stage Larvae (L) Juvenile (J) Sub Adult (SA) Adult (A)
(0-40 mm) (40-220 mm) (220-475 mm) (>475 mm)

Vital Rate F z d (mo) F z d F z d F z d

1987-1988

SIO 87 0 0.999 1.30 0 0.970 9.00 0 0.195 39.00 566422 0.071 190.70
SIO 88 0 0.999 1.30 0 0.560 10.00 0 0.195 39.00 566422 0.071 189.70

MB 87 0 0.999 1.30 0 0.410 11.00 0 0.195 39.00 566422 0.071 188.70
MB 88 0 0.999 1.30 0 0.300 10.00 0 0.195 39.00 566422 0.071 189.70

AH 87 0 0.999 1.30 0 0.450 10.00 0 0.195 39.00 566422 0.071 189.70
AH 88 0 0.999 1.30 0 0.660 10.00 0 0.195 39.00 566422 0.071 189.70

2002-2003

SIO 02 0 0.999 1.30 0 0.680 10.00 0 0.200 39.00 566422 0.071 189.70
SIO 03 0 0.999 1.30 0 0.700 10.00 0 0.200 39.00 566422 0.071 189.70

MB 02 0 0.999 1.30 0 0.370 10.00 0 0.195 39.00 566422 0.071 189.70
MB 03 0 0.999 1.30 0 0.420 10.00 0 0.195 39.00 566422 0.071 189.70

TJE 02 0 0.999 1.30 0 0.380 10.00 0 0.190 39.00 566422 0.071 189.70
TJE 03 0 0.999 1.30 0 0.310 11.00 0 0.190 39.00 566422 0.071 188.70

Rates Weighted by Embayment Contribution

1987

%
0 0 0.999 1.30 0 0.970 9.00 0 0.195 39.00 566422 0.071 190.70
20 0 0.999 1.30 0 0.860 9.36 0 0.195 39.00 566422 0.071 190.34
40 0 0.999 1.30 0 0.750 9.71 0 0.195 39.00 566422 0.071 189.99
60 0 0.999 1.30 0 0.639 10.07 0 0.195 39.00 566422 0.071 189.63
80 0 0.999 1.30 0 0.529 10.42 0 0.195 39.00 566422 0.071 189.28
100 0 0.999 1.30 0 0.419 10.78 0 0.195 39.00 566422 0.071 188.92

1988

%
0 0 0.999 1.30 0 0.560 10.00 0 0.195 39.00 566422 0.071 189.70
20 0 0.999 1.30 0 0.524 10.00 0 0.195 39.00 566422 0.071 189.70
40 0 0.999 1.30 0 0.488 10.00 0 0.195 39.00 566422 0.071 189.70
60 0 0.999 1.30 0 0.452 10.00 0 0.195 39.00 566422 0.071 189.70
80 0 0.999 1.30 0 0.417 10.00 0 0.195 39.00 566422 0.071 189.70
100 0 0.999 1.30 0 0.381 10.00 0 0.195 39.00 566422 0.071 189.70

2002

%
0 0 0.999 1.30 0 0.680 10.00 0 0.200 39.00 566422 0.071 189.70
20 0 0.999 1.30 0 0.618 10.00 0 0.199 39.00 566422 0.071 189.70
40 0 0.999 1.30 0 0.557 10.00 0 0.198 39.00 566422 0.071 189.70
60 0 0.999 1.30 0 0.495 10.00 0 0.196 39.00 566422 0.071 189.70
80 0 0.999 1.30 0 0.434 10.00 0 0.195 39.00 566422 0.071 189.70
100 0 0.999 1.30 0 0.372 10.00 0 0.194 39.00 566422 0.071 189.70

2003

%
0 0 0.999 1.30 0 0.700 10.00 0 0.200 39.00 566422 0.071 189.70
20 0 0.999 1.30 0 0.639 10.04 0 0.199 39.00 566422 0.071 189.66
40 0 0.999 1.30 0 0.578 10.09 0 0.198 39.00 566422 0.071 189.61
60 0 0.999 1.30 0 0.517 10.13 0 0.196 39.00 566422 0.071 189.57
80 0 0.999 1.30 0 0.456 10.18 0 0.195 39.00 566422 0.071 189.52
100 0 0.999 1.30 0 0.395 10.22 0 0.194 39.00 566422 0.071 189.48









































P1 P2 P3 P4 G1 G2 G3 F4

1987-1988

SIO 87 0.1312 0.3790 0.8227 0.9315 0.2371 0.0001 0.0001 196928
SIO 88 0.1312 0.5696 0.8227 0.9315 0.2371 0.0016 0.0001 196928

MB 87 0.1312 0.6580 0.8227 0.9315 0.2371 0.0057 0.0001 196928
MB 88 0.1312 0.7272 0.8227 0.9315 0.2371 0.0136 0.0001 196928

AH 87 0.1312 0.6336 0.8227 0.9315 0.2371 0.0041 0.0001 196928
AH 88 0.1312 0.5162 0.8227 0.9315 0.2371 0.0007 0.0001 196928

2002-2003

SIO 02 0.1312 0.5061 0.8187 0.9315 0.2371 0.0006 0.0001 196928
SIO 03 0.1312 0.4961 0.8187 0.9315 0.2371 0.0005 0.0001 196928

MB 02 0.1312 0.6829 0.8227 0.9315 0.2371 0.0078 0.0001 196928
MB 03 0.1312 0.6518 0.8227 0.9315 0.2371 0.0052 0.0001 196928

TJE 02 0.1312 0.6766 0.8269 0.9315 0.2371 0.0072 0.0001 196928
TJE 03 0.1312 0.7243 0.8269 0.9315 0.2371 0.0091 0.0001 196928









































P1 P2 P3 P4 G1 G2 G3 F4

1987-1988

SIO 87 0.01 0.01 0.06 0.92 0.03 71.57 81.41 3.60E-08
SIO 88 0.06 0.11 0.25 0.58 0.21 31.05 559.86 2.51E-07

MB 87 0.08 0.18 0.28 0.45 0.35 14.46 928.61 4.16E-07
MB 88 0.10 0.23 0.28 0.39 0.46 8.02 1234.02 5.53E-07

AH 87 0.08 0.16 0.28 0.48 0.31 17.87 824.36 3.70E-07
AH 88 0.04 0.07 0.20 0.69 0.13 47.55 354.58 1.59E-07

2002-2003

SIO 02 0.03 0.05 0.17 0.74 0.11 45.84 339.40 1.28E-07
SIO 03 0.03 0.05 0.16 0.77 0.09 48.68 301.00 1.14E-07

MB 02 0.09 0.20 0.28 0.43 0.39 11.67 1036.65 4.65E-07
MB 03 0.08 0.18 0.28 0.46 0.34 15.25 902.19 4.04E-07

TJE 02 0.09 0.20 0.29 0.42 0.40 13.00 897.18 4.77E-07
TJE 03 0.10 0.22 0.28 0.40 0.43 11.18 971.42 5.17E-07
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                         Ranked Nursery-Role Value
Nursery Unit-area Total Population

Type Contribution Contribution Growth

Exposed 4 2 4
Bay 3 1 2
Lagoon 2 3 3
Estuary 1 4 1





















          

            



           



          

     

          

          

            



            

          





           



   

           













          



            

          

















































































     

         

            

             































 



















 





Tracking
Habitat and (Elemental 
distribution Growth & Fingerprinting or Molecular Demographic
mapping Survivorship Acoustics) Analysis Modeling

Quantification Small-scale Retroactive tracking Spaital extent of Identification of fitness
of habitat types habitat of environmental finfish stocks benefits and key vital
over large scales benefits, conditions or habitats relying on particular rates associated with
that can serve as measures of utilized by individual habitats or sites habitats or sites
a reference habitat fish
against which value Role of fragmented, Projection of population
future conditions or essential fish habitats fitness as the spatial extent
studies can be in structuring of habitats or sites varies
compared populations
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Predicted
A. 2003 O Harb Oceanside AH Bat S Elijo Penas LJ PB-OB MB SDB IB TJE % Correct

     Actual
O Harb 5 1 0 0 0 0 0 0 2 1 0 0 56
Oceanside 0 8 0 0 0 0 0 0 0 2 0 0 80
AH 0 1 1 0 3 0 1 0 2 0 0 0 13
Bat 0 1 0 4 2 1 0 0 1 0 0 0 44
S Elijo 2 3 0 1 7 0 6 0 1 0 0 0 35

Penas 0 0 0 2 2 3 1 0 2 2 0 1 23
LJ 0 4 0 0 1 0 0 0 0 2 0 0 0
PB-OB 0 6 0 0 1 0 0 1 0 0 0 0 13
MB 2 9 0 3 0 0 0 0 9 5 0 0 32
SDB 5 6 0 0 1 0 0 0 8 14 0 0 41
IB 1 4 0 0 0 0 0 0 0 0 0 0 0
TJE 0 0 0 0 2 0 1 0 2 0 0 6 55
     Total 15 43 1 10 19 4 9 1 27 26 0 7 36

B. 2004 O Harb Oceanside AH Bat S Elijo S Dieg LJ PB-OB MB SDB IB TJE % Correct
     Actual
O Harb 10 0 0 0 0 0 0 0 1 5 0 0 63
Oceanside 1 7 2 0 2 0 0 0 0 0 7 0 37
AH 2 0 6 4 0 0 0 0 0 0 1 0 46
Bat 1 0 0 1 0 0 0 0 0 0 0 0 50
S Elijo 2 0 1 0 7 1 0 0 0 0 1 0 58
S Dieg 0 1 1 0 2 11 0 0 0 0 2 0 65

LJ 2 2 2 0 7 0 0 1 0 0 4 0 0
PB-OB 0 2 1 2 1 0 0 1 1 0 6 0 7
MB 1 0 3 2 0 0 0 0 0 5 1 0 0
SDB 1 0 1 0 0 0 0 1 4 19 1 0 70
IB 0 4 3 4 1 0 0 1 0 0 7 0 35
TJE 1 2 3 0 4 0 0 1 0 0 6 3 15
     Total 21 18 23 13 24 12 0 5 6 29 36 3 38

C. 2003-2004 O Harb Oceanside AH Bat S Elijo S Dieg Penas LJ PB-OB MB SDB IB TJE % Correct
     Actual
O Harb 21 0 0 0 0 0 0 0 0 0 0 4 0 84
Oceanside 2 13 0 1 0 0 0 0 3 0 3 7 0 45
AH 3 3 1 3 3 0 0 0 3 0 0 5 0 5
Bat 2 1 0 5 3 0 0 0 0 0 0 0 0 45
S Elijo 9 3 0 5 11 0 0 0 3 0 0 1 0 34
S Dieg 2 4 0 2 3 0 0 0 1 1 0 4 0 0
Penas 0 0 1 2 5 1 1 0 0 0 2 0 0 8
LJ 3 4 2 1 1 1 0 0 0 0 0 13 0 0
PB-OB 0 6 1 0 1 0 0 0 3 0 2 9 0 14
MB 9 3 1 4 1 0 1 0 2 3 9 8 0 7
SDB 16 7 0 0 1 1 0 0 4 6 11 15 0 18
IB 5 6 0 0 0 0 0 0 3 0 0 11 0 44
TJE 5 5 4 0 2 0 2 0 2 0 2 6 3 10
     Total 77 55 10 23 31 3 4 0 24 10 29 83 3 24
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2003-2004 San Diego Sites
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            Predicted
A. 2003            North           South

Exposed Embayment Exposed Embayment % Correct
     Actual
North Exposed 15 2 0 0 88
North Embayment 25 17 0 16 29
South Exposed 11 1 0 1 0
South Embayment 28 6 0 40 54
     Total 79 26 0 57 44

B. 2004            North           South
Exposed Embayment Exposed Embayment % Correct

     Actual
North Exposed 15 7 14 1 41
North Embayment 6 24 16 14 40
South Exposed 7 7 20 0 59
South Embayment 2 5 9 43 73
     Total 30 43 59 58 54

C. 2003-2004            North           South
Exposed Embayment Exposed Embayment % Correct

     Actual
North Exposed 14 8 30 2 26
North Embayment 12 45 33 28 38
South Exposed 5 5 34 3 72
South Embayment 14 14 60 45 34
     Total 45 72 157 78 39
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2003-2004 San Diego Regions
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               Predicted
A. 2001 LJ IB MB SDB TJE % Correct

     Actual
LJ 13 0 0 0 0 100
IB 0 5 3 2 0 50
MB 0 2 13 3 0 72
SDB 1 1 8 11 0 52
TJE 0 0 0 0 2 100
     Total 14 8 24 16 2 69

B. 2002 LJ IB MB SDB TJE % Correct
     Actual
LJ 8 1 5 8 1 35
IB 6 12 2 9 2 39
MB 0 0 5 6 0 45
SDB 1 0 1 4 0 67
TJE 0 0 1 0 4 80
     Total 15 13 14 27 7 43

C. 2003 LJ IB MB SDB TJE % Correct
     Actual
LJ 4 3 0 0 0 57
IB 1 3 0 3 0 43
MB 3 11 8 7 0 28
SDB 2 6 8 18 0 53
TJE 3 0 2 0 6 55
     Total 13 23 18 28 6 44

D. 2004 LJ IB MB SDB TJE % Correct
     Actual
LJ 3 13 5 4 1 12
IB 2 10 0 0 0 83
MB 1 2 9 0 0 75
SDB 3 1 8 15 0 56
TJE 12 0 3 0 5 25
     Total 21 26 25 19 6 43

E. 2001-2004 LJ IB MB SDB TJE % Correct
     Actual
LJ 1 7 4 46 0 2
IB 6 26 1 38 0 37
MB 4 3 15 47 1 21
SDB 6 4 8 69 1 78
TJE 5 7 4 18 4 11
     Total 22 47 32 218 6 35
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2002 South San Diego Habitats

-4

-3

-2

-1

0

1

2

3

-4 -3 -2 -1 0 1 2 3 4

Score 1

S
co

re
 2 LJ

IB

MB

SDB

TJE

-3

-2

-1

0

1

2

3

-4 -3 -2 -1 0 1 2 3 4

Score 1

S
co

re
 2

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1 -0.5 0 0.5 1 1.5
Score 1

S
co

re
 2

CU

SR

BA

PB
























2003 South San Diego Sites

-4

-3

-2

-1

0

1

2

3

4

-8 -6 -4 -2 0 2

Score 1

S
co

re
 2

LJ

IB

MB

SDB

TJE

-4

-3

-2

-1

0

1

2

3

4

-10 -8 -6 -4 -2 0 2 4

Score 1

S
co

re
 2

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0

Score 1

S
co

re
 2

MN

SR

BA
























2004 South San Diego Sites
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2001-2004 South San Diego Sites
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                Predicted 
A. 2001 Exposed Bay Estuary % Correct

     Actual
Exposed 17 6 0 74
Bay 2 37 0 95
Estuary 0 0 2 100
     Total 19 43 2 88

B. 2002 Exposed Bay Estuary % Correct
     Actual
Exposed 31 18 5 57
Bay 1 15 1 88
Estuary 0 1 4 80
     Total 32 34 10 66

C. 2003 Exposed Bay Estuary % Correct
     Actual
Exposed 11 3 0 79
Bay 16 47 0 75
Estuary 3 2 6 55
     Total 30 52 6 73

D. 2004 Exposed Bay Estuary % Correct
     Actual
Exposed 35 0 3 92
Bay 1 38 0 97
Estuary 13 0 7 35
     Total 49 38 10 82

E. 2001-2004 Exposed Bay Estuary % Correct
     Actual
Exposed 33 96 0 26
Bay 16 138 4 87
Estuary 5 28 5 13
     Total 54 262 9 54
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2001-2004 South San Diego Habitats
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