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This report provides an analysis of survivorship monitoring data collected in the summer and fall of 2012
for revegetation plantings installed by the Invasive Spartina Project (ISP) during the winter of 2011‐2012.
The plan for survivorship monitoring was presented in the ISP’s California Clapper Rail Habitat En‐
hancement, Restoration, and Monitoring Plan (Olofson 2012). The objective of survivorship monitoring
was to inform replanting needs within the first three years after planting, by measuring progress toward
survivorship goals (40%), and assessing the influence of various factors on the success of plantings. Ini‐
tial baseline monitoring at the time of planting included patch‐specific information regarding source
plant location, source plant salinity/inundation regime, source plant propagation technique, planting
design, and planting techniques and treatments. The exact parameters measured for each patch de‐
pended on the planting location and species planted.

Marsh Plantings
Marsh plantings included primarily Spartina foliosa (Pacific cordgrass) and Grindelia stricta (marsh
gumplant), both of which were monitored for a full range of factors. Triglochin maritima (Triglochin),
Jaumea carnosa (Jaumea), and Limonium californicum (sea lavender) were planted in relatively small
numbers. These plantings were monitored for survivorship, but not for variations in source or revegeta‐
tion methodology.

Spartina foliosa
Overall mean survivorship of S. foliosa was 46%. Spartina foliosa plugs that were propagated in nurse‐
ry beds generally had higher survivorship than those that were directly transplanted from donor
marshes. Caging generally appeared to increase survivorship by reducing herbivory. It is therefore
recommended that future plantings use S. foliosa plugs that are primarily propagated in nursery beds
and that caging be used as a tool for protecting S. foliosa plantings from herbivory. Factors affecting
survivorship and the interactions among treatments varied among sites and treatments. Due to these
variations, future planting designs should be informed by review of all site‐specific data. In the case of
new revegetation sites, data from a previously planted site with similar characteristics should be used
to inform planting design.
S. foliosa plantings were designed to test both different planting techniques and different transplant
material. The exact set of methods which were tested varied among revegetation sites. Biotic and abiot‐
ic conditions among revegetation sites are highly variable, making it inappropriate to lump all sites into a

single analysis. Therefore, the effects of planting method on S. foliosa plug survivorship were examined
on a site by site basis.
While this analysis focuses on differences in plug survivorship, data was collected on several other pa‐
rameters. Analysis of these other parameters, as well as a more thorough analysis of plug survivorship,
will be included in the 2013‐2014 analysis. Differences in mean survivorship of S. foliosa among sites was
found to be highly significant (Kruskal‐Wallis p<0.001). Mean survivorship by site is displayed in Table 1
and Figure 1. Data from the Whale’s Tail Complex was excluded from this graph due to low survivorship
at this site.
Table 1. Mean survivorship of S. foliosa plugs by site
Site

Survivorship

Number of
Plugs Planted

Number of
Plugs Surviving

N‐value used
for Statistics

Alameda Flood Control Channel
(AFCC)

68%

327

220

37

Mt. Eden Creek

29%

94

28

6

North Creek Marsh

60%

485

245

97

Old Alameda Creek

22%

351

81

39

Whale’s Tail Complex (Whale’s
Tail North and South)

2%

300

2

30

Figure 1. Mean survivorship of S. foliosa plugs by site (error bars represent 95% confidence intervals)
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S. foliosa plugs were collected from two donor sites: Golden Gate Fields and Sonoma Marina. For each
of these donor sites, some plugs, referred to as direct transplants, were transplanted to the restoration
site from the donor source directly after collection, and some plugs, referred to as nursery plugs, were
propagated at The Watershed Nursery in Richmond, CA, then planted at the revegetation sites five to
seven months later.
The effect of transplant type on survivorship was examined at three revegetation sites: Alameda Flood
Control Channel (AFCC), North Creek Marsh, and Old Alameda Creek. At all three of these sites, plants
propagated at the nursery were found to have higher survivorship than direct transplants. However,
this difference was only found to be statistically significant at AFCC and Old Alameda Creek. At AFCC,
nursery plugs had a survivorship of 92.1%, significantly higher than direct transplant survivorship of
45%.(Wilcoxon p<0.0001). At Old Alameda Creek, nursery plugs had a survivorship of 32% which was
significantly higher than direct transplant survivorship of 12% (Wilcoxon p<0.0001). At North Creek
Marsh, nursery plugs had a survivorship of 54.6%, also higher than direct transplant survivorship of
36.9%, however that result was not statistically significant (Wilcoxon p=0.062) (Figure 2).

Figure 2: Both nursery plugs and direct transplants were planted at three sites and at all three sites direct trans‐
plants had lower survivorship

Donor source also had a strong effect on S. foliosa plug survivorship. Direct transplants from Sonoma
Marina had the lowest survivorship of all plantings (Wilcoxon p<0.0001). The effect of donor source was
influenced by transplant type (nursery plug vs. direct transplant). Among nursery plugs, there was no
significant difference in survivorship between plants from Sonoma Marina and plants from Golden Gate
Fields. However, among direct transplants, plants from Sonoma Marina had significantly lower
survivorship than those from Golden Gate Fields (Table 2 and Figure 3). Because the effect of direct
transplants from Sonoma Marina was the strongest single predictor of S. foliosa plug survivorship across
all sites, direct transplants from both Sonoma Marina and Golden Gate Fields were excluded from
subsequent analysis.
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Table 2: Mean survivorship by transplant method and donor source
Transplant Type

Donor Source

N

Survivorship
(%)

Direct

Golden Gate

31

43.2

Direct

Sonoma Marina

30

20.1

Nursery
Nursery

Golden Gate
Sonoma Marina

56
56

56.8
56.1

Figure 3. Differences in S. foliosa survivorship by transplant type and donor source (error bars represent confi‐
dence intervals)

Caging plants had the strongest effect on survivorship. The effect of caging was examined at AFCC, Old
Alameda Creek, and North Creek Marsh. At AFCC and Old Alameda Creek, some plots, referred to as
early caged plots, were caged at the time of planting and some plots, referred to as late caged plots,
were caged a few weeks after planting. At North Creek Marsh, some plots were caged early, at the time
of planting and some plots were left uncaged. At AFCC, no significant difference in survivorship (Wilcox‐
on p=0.81) was observed between plots caged early, which had a mean survivorship of 92.6%, and those
caged late, which had a mean survivorship of 91.6%. At Old Alameda Creek, early caging was associated
with a significant increase in survivorship (Wilcoxon p<0.0001), with plots that were caged early having a
mean survivorship of 46.7% and plots that were caged late having a mean survivorship of 18.8% . At
North Creek Marsh, caging was also associated with a significant increase in survivorship (Wilcoxon
p=0.002), with plants that were caged early having a survivorship of 72.0% and plots that were left un‐
caged having a survivorship of 39.5%. This data is displayed in Figure 4.
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Figure 4. Differences in survivorship of S. foliosa between different caging treatments by site (error bars repre‐
sent confidence intervals)

At AFCC and Old Alameda Creek, bamboo and rock treatments were tested as a means of mitigating po‐
tential negative effects of wave action on S. foliosa plug survivorship. These treatments were tested in
blocks which also included controls. At Old Alameda Creek, the bamboo treatment showed a non‐
significant trend (p=.06) towards improving survivorship (Figure 5).

Figure 5. Differences in survivorship of S. foliosa between different wave action treatments by site (error bars
represent confidence intervals)

At the Whale’s Tail Complex and North Creek Marsh, survivorship of S. foliosa transplants with the rhi‐
zome wrapped in burlap was compared with the survivorship of transplants with bare rhizomes. At the
Whale’s Tail Complex, it was not possible to compare these treatments statistically due to low overall
survivorship at that site. At North Creek Marsh, it was found that in uncaged plots, burlap‐wrapped
plants had higher survivorship than plants with bare rhizomes, but in caged plots, there was not a de‐
tectable difference in survivorship between burlap‐wrapped and bare rhizome plants (Figure 6).
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Figure 6. The interaction in survivorship of S. foliosa between caging treatment and burlap treatment at North
Creek Marsh

At North Creek Marsh, the marsh zone into which plugs were planted also influenced survivorship.
Plants that were planted on the mudflat had significantly higher mean survivorship than those planted
along the main channel of the site. These plantings were also planted much lower in elevation than
plantings on the mudflat (1.42m absolute elevation vs 1.6m absolute elevation). The zone into which
plugs were planted also appears to have influenced how caging affected S. foliosa survivorship. In plant‐
ings on the marsh plain, caging had a positive effect on S. foliosa survivorship as compared to uncaged
controls, while in plantings along the main channel, caging generally had a negative effect on survivor‐
ship of S. foliosa (Figure 7).

Figure 7. The interaction in survivorship of S. foliosa between caging treatment and planting zone at North Creek
Marsh
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Grindelia stricta
Overall mean survivorship of Grindelia stricta was 35.1%, but survivorship varied greatly among sites.
Apart from site, differences in survivorship were most closely associated with differences in the exist‐
ing plant community, G. stricta pot size, and whether plantings occurred in the marsh plain or on a
mound/berm. Based on these results, we recommend planting larger pot sizes and preferentially
planting into areas which contain Jaumea carnosa and/or Frankenia salina but do not contain Salicor‐
nia pacifica or Spartina foliosa. In some sites, plants in the marsh plain had higher survivorship and in
some sites, plants on mounds or berms had higher survivorship. In sites where G. stricta was planted
into both the marsh plain and into mounds/berms, data from that year should be used to inform site‐
specific plans as to how many plants to allocate to the marsh plain versus mound/berm. An examina‐
tion of the data suggests that differences in survivorship may also be correlated with differences in
elevation. Therefore, it may be informative to collect and analyze elevation data for a subset of future
plantings to explore the effect of elevation on survivorship of G. stricta plantings.
Each G. stricta plot consisted of two rows of five plants. Rows were planted at different distances from
either the channel (if a marsh plain planting) or the edge of the marsh plain (if a mound/berm planting)
and the two rows often had different treatments. Therefore, row was used as the basis of analysis ra‐
ther than plot. G. stricta survivorship was monitored during summer, July and August, of 2012 and again
during fall, October to December, of 2012. The monitoring which occurred in fall was determined to be
more accurate due to the greater ease of seeing young G. stricta plants within the surrounding tall vege‐
tation. Therefore, in all cases where data was collected for the same plot in both summer and fall moni‐
toring seasons, the fall survivorship data was used as the basis of comparison. Mean survivorship within
G. stricta plots across all sites was 35.1%. Difference in mean survivorship among sites was found to be
highly significant (Kruskal‐Wallis p<0.0001). Mean and median survivorships are summarized by site in
Table 3 and Figure 8 below.
Table 3. Mean and median survivorship of G. stricta among sites
Site
AFCC
Bair Island
Cogswell A
Cogswell C
Greco Island
Mt. Eden Creek
North Creek Marsh
Old Alameda Creek
Oro Loma East
Oro Loma West
Whale’s Tail North
Whale’s Tail South

Mean Survivorship
35.1%
5.0%
54.1%
50.2%
23.4%
34.9%
21.6%
28.1%
34.1%
38.3%
43.4%
40.9%
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Median Survivorship
20%
0%
60%
50%
20%
40%
0%
20%
20%
40%
40%
40%

N
146
128
256
88
524
90
42
62
112
80
290
376
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For each row within a plot, a set of data was collected concerning both the planting treatments and the
planting location. To determine which of these factors were most important to G. stricta survivorship,
we selected the linear regression model with the lowest Akaike Information Criterion (AIC) value using a
forward stepwise model selection process. The resulting model included only site, zone, pot size, pres‐
ence of Salicornia pacifica, presence of Frankenia salina, presence of Jaumea carnosa, and presence of
S. foliosa. Row position (inner vs. outer), source of plants, and presence of Distichlis spicata were not
found to be strong factors in determining survivorship. Due to erosion of some channel banks, it was
often difficult to determine whether surviving plants belonged to the inner or outer row so there is a
possibility that data collection errors affected this comparison. Plant source was highly correlated with
site and pot size, so it is very possible that any differences that would have been associated with plant
source were lost in the effects of these other factors.
The negative effect of S. pacifica is posited to be due to the capacity of relatively tall and dense S. pacifi‐
ca to outcompete young G. stricta plants for sunlight. The negative effect of S. foliosa is posited to be
due to the difference in elevation requirements between this species and G. stricta. The positive effect
of F. salina and J. carnosa may be due to these two species having similar elevation requirements with
G. stricta or due to their generally lower height and ability to compete with G. stricta. The effects of
plant species already existing in the marsh plain are detailed in Table 4.

Figure 8: Mean survivorship of G. stricta among planting sites (error bars represent 95% confidence intervals).
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Table 4: Effect of existing vegetation on G. stricta survivorship

Species

Effect on G. stricta survivorship

Salicornia pacifica

‐2.31%

Frankenia salina

+2.68%

Jaumea carnosa

+3.10%

Spartina foliosa

‐7.69%

Pot sizes used to grow G. stricta plants prior to planting installation were gallons, D‐16s, stubbies, and
super stubbies. Survivorship across all sites and all other treatments was found to be higher for larger
pot sizes. Mean survivorship of G. stricta gallon pots across sites ranged between 56.34% and 68.48%
(95% confidence interval; n=108), survivorship of D‐16 pots was between 36.52% and 40.51% (n=998),
survivorship of stubbies was between 29.34% and 33.50% (n=921), and survivorship of super stubbies
was between 6.01% and 16.2% (n=153). Pairwise comparisons by means of Wilcoxon rank sum tests
found all differences between different pot sizes to be significant at the p<0.0001 level (Figure 9).

Figure 9: Mean survivorship of G. stricta varies among pot sizes (error bars represent 95% confidence intervals)
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At Greco Island, Oro Loma, and Whale’s Tail South, some G. stricta plantings were installed on the edges
of berms or mounds and some were installed along small channels in the marsh plain. Differences in
survivorship between these two installation zones were examined within each of these three sites. Oro
Loma East and Oro Loma West were lumped together in this analysis in order to increase statistical
power. At Greco Island, the difference between the two zones was found to be significant (Kolmogorov‐
Smirnov p<0.0001) with the berm/mound plantings having a higher survivorship, 36.8%, than the marsh
plain plantings, 14.7%. At Oro Loma, no significant survivorship differences were found between the
two planting zones (Kolmogorov‐Smirnov p=0.6908). At Whale’s Tail South, marsh plain plantings had
significantly higher survivorship than mound/berm plantings (Kolmogorov‐Smirnov p<0.0001) (Figure

10).
Figure 10: Mean survivorship of G. stricta among planting zones (error bars represent 95% confidence intervals)

The results of this analysis indirectly suggest that some differences in survivorship may be associated
with elevation. Sites which are thought to have lower elevations, including Bair Island, Greco Island, and
North Creek Marsh, were among the sites with the lowest survivorship. At Greco Island, a generally low
elevation site, the higher elevation mound/berm plantings had a higher survivorship than the lower ele‐
vation marsh plain plantings. In contrast, at Whale’s Tail South, a generally higher elevation site, the
higher elevation mound/berm plantings had a lower survivorship than the relatively lower elevation
marsh plain plantings. However, it should be noted that the sample size of mound/berm plantings at
Whale’s Tail South was relatively small.
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Triglochin maritima
T. maritima was planted at North Creek Marsh, Cogswell Marsh (A and C), and Whale’s Tail South. Mean
survivorship within T. maritima plots across all three sites was 31.0%. Among the three sites, survivor‐
ship was highest in Whale’s Tail South at 40.0%, followed by Cogswell Marsh at 30.7% and North Creek
Marsh at 17.4%. Differences in survivorship among sites were statistically significant (Kruskal‐Wallis
p=0.0404). A post‐hoc series of pairwise Wilcoxon tests found that T. maritima survivorship at Whale’s
Tail South and Cogswell Marsh was significantly higher than survivorship at North Creek Marsh, but that
there was no significant difference between survivorship at Whale’s Tail South and Cogswell Marsh (Fig‐
ure 11). Anecdotal observations of the 2011‐12 T. maritima plantings during the 2012‐13 planting sea‐
son suggest that, in some areas, survivorship may have been underestimated and that, in other areas,
survivorship may have declined from that observed during the initial round of monitoring.

Frankenia salina
F. salina was planted only in North Creek Marsh. Mean survivorship within F. salina plots was found to
be 35.7%.

Limonium californicum
L. californicum was planted only in North Creek Marsh. Mean survivorship within L. californicum plots
was found to be 81.3%.
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Figure 11. Mean survivorship of T. maritima among sites (error bars represent standard error)
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Upland Transition Zone
Overall mean survivorship in the upland transition zone was 14.2% for Grindelia stricta planted in the
lower elevation (all G. stricta) row of plantings and 28.0% for the suite of plants in the higher eleva‐
tion row of plantings. Suggestions for improving survivorship based on the results of this analysis in‐
clude selecting plant species from the upland transition zone palette which have been demonstrated
to have higher survivorship and varying the distance between the lower and higher elevation planting
rows based on differences in local topography.
North Creek Marsh was planted with a small number of upland transition zone plantings which did not
conform to the standard planting design used at other sites. Therefore, in all analysis of upland transi‐
tion zone plantings, the North Creek Marsh plantings were not taken into consideration.
The lower elevation row of upland transition zone plantings (the row closest to the marsh) was planted
exclusively with Grindelia stricta. Mean survivorship for the lower elevation row of G. stricta plantings
across all sites was 14.2% . Significant differences in survivorship among sites was observed (Kruskal‐
Wallis p<0.0001). Bair Island and Cogswell A had relatively high mean survivorship, 35.9% and 31.9%
respectively, whereas Whale’s Tail South had a relatively low mean survivorship at 8.3% (SE=1.6,
N=192). A post‐hoc series of Wilcoxon pairwise comparisons found that there was no statistically signifi‐
cant difference in survivorship between lower elevation row plantings at Bair Island and Cogswell A, but
that both of these sites had significantly higher survivorship than did Whale’s Tail South (Figure 12).
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Figure 12: Mean survivorship of G. stricta lower elevation row upland transition zone plantings varies among
sites (error bars represent standard error)

The higher elevation row of upland transition zone plantings (the row farther from the marsh edge) was
planted with a mixture of G. stricta, Artemisia californica, Baccharis douglasii, Baccharis pilularis, and
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Euthamia occidentalis. Overall mean survivorship for the higher elevation row across all species and all
sites was 28.0%. There were significant differences in higher elevation row survivorship among sites
(Kruskal‐Wallis p=0.0274). Mean survivorship was highest at Bair Island, 37.9%, followed by Cogswell A,
34.5%, and Whale’s Tail South, 25.3%. A series of post‐hoc Wilcoxon pairwise comparisons showed that
the only significantly significant difference in survivorship between sites was the difference between
Bair Island and Whale’s Tail South (Figure 13).
Among species planted in the higher elevation row of all upland transition zone plantings, the highest
survivorship was observe d in the two species of Baccharis. B. douglasii had a mean survivorship of
45.9% and B. pilularis had a mean survivorship of 38.4%. E. occidentalis had a mean survivorship of
20.3%, A. californica had a mean survivorship of 19.0%, and G. stricta in the higher elevation row had a
mean survivorship of 15.8% (Figure 14).
Monitors took data on the slope of the bank in which each upland transition zone planting was in‐
stalled, binned into categories of 0‐10 degrees, 10‐30 degrees, and 30‐45 degrees. Because distance be‐
tween the lower elevation and higher elevation rows was kept constant, slope may function as a proxy
for approximate elevation of higher elevation row relative to the marsh plain, with a steeper slope being
correlated with a higher elevation above the marsh plain. Mean survivorship in the higher elevation row
displayed a general trend toward higher survivorship with increasing slope. Mean survivorship in the 0‐
10 degree slope category was 24.7% , mean survivorship in the 10‐30 degree slope category was 27.4%,
and mean survivorship in the steepest, 30‐45 degree, slope category was 35.0% . There was, however,
no statistically significant difference among slope categories (Kruskal‐Wallis p=0.2368) (Figure 15).
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Figure 13: Mean survivorship of mixed species, outer row upland transition zone plantings varies among sites
(error bars represent standard error)
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Figure 14: Mean survivorship of species planted in higher elevation row of upland transition zone plantings (er‐
ror bars represent standard error)
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Figure 15. Mean survivorship of mixed species, higher elevation row upland transition zone plantings varies
among slopes (degrees) (error bars represent standard error)
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