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EXECUTIVE SUMMARY 

Small, often ephemeral wetlands are important breeding, foraging, and cover habitats for 
amphibians due to their high productivity and lack of predators such as fish. In addition, they are 
numerically abundant, acting as stepping stones across the landscape and helping to maintain 
genetic connectivity. Although the majority of amphibians in British Columbia (BC) breed in 
standing water, many wetland habitats are not afforded protection under the Forest and Range 
Practices Act; in south-coastal BC, wetlands smaller than 0.5 ha do not receive any riparian 
protection unless they fall within a wetland complex.  
 
Forest harvesting impacts small wetland habitats in numerous ways, including complete habitat 
loss through infilling (e.g., for road construction) and habitat degradation through inputs of 
debris and sediment. Small wetlands are often used as anchor points for the location of tree 
patches under variable retention harvesting methods, essentially leaving a buffer of vegetation 
around the pond. This likely benefits amphibian species both within the aquatic habitat and 
terrestrially (i.e., larva and metamorphs). However, not all small ponds are used by amphibians 
for breeding and there tends to be a bias within forestry towards leaving retention patches around 
only the largest wetlands within a block. Where priorities need to be made, foresters require 
scientifically-based information to help prioritize where retention patches should be left. As 
such, the objectives of this project were to identify habitat characteristics of ponds that have a 
high probability of amphibian breeding and summarize this information into a user-friendly field 
card for foresters to use when prioritizing ponds for retention.  
 
The main source of information used for identifying key habitat characteristics of breeding sites 
that were used during the design of the card was a long-term study from the Nanaimo Lakes area. 
This study has been investigating the effects of forest harvesting on small wetlands and 
associated amphibian species since 2003. In addition, other local Vancouver Island studies and a 
literature review of studies from throughout the Pacific Northwest were consulted. In addition, 
factors were identified that limited which variables could be realistically included in the card 
based on the skill level, knowledge, and available resources of the users (e.g., equipment and 
time). Results from these analyses indicated that wetland size, canopy cover, and percent cover 
of vegetation and woody debris were most useful in separating ponds with a low, medium, or 
high probability of amphibian breeding. A decision matrix wetland field card was then created, 
which will be field tested with foresters at 30+ ponds in 2007. Additional information included 
with the card include a series of Best Management Practices for forestry operations in relation to 
small wetland habitats. 
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1.0 INTRODUCTION 

1.1 Wetlands and Amphibians 
The majority of amphibian species in British Columbia (BC) are dependent upon aquatic habitats 
for hydration, cover, summer foraging, and for breeding. Amphibian populations have been 
declining worldwide including the Pacific Northwest for decades, largely due to habitat loss 
(Corn 1994). It is estimated that 50% of historic wetlands in southern Canada have been drained 
(Biodiversity Science Assessment Team 1994), mainly due to agricultural and urban 
development (e.g., 75% of wetlands in the Greater Vancouver and Victoria area have been lost; 
Nowlan and Jeffries 1996). Freshwater ecosystems are one of the world’s most vulnerable 
habitats, partly because once they are degraded they tend to deteriorate faster than terrestrial 
ecosystems (Stiassny 1999). In the Pacific Northwest, there has also been a landscape-level shift 
from ephemeral wetlands to permanent water bodies, which has led to habitat degradation and 
the decline of amphibian populations (Adams 1999). Small, often ephemeral wetlands are 
important habitat for aquatic-breeding amphibian species because they offer protection from 
many aquatic predators such as fish, that reside in permanent water bodies. However, most small 
wetlands are not afforded protection under the Forest and Range Practices Act (BC Ministry of 
Forests and Range 2004).  

1.2 Amphibians and Forest Harvesting 
Amphibians may serve as indicators of environmental health due to their: 1) dependence upon 
both terrestrial and aquatic habitats, 2) their semi-permeable skin (makes them vulnerable to 
pollutants and dependent upon moist conditions for subcutaneous respiration), and 3) their 
limited movements (e.g., most remain within 500 m of their breeding site). Terrestrial-based 
studies have shown that amphibians are less abundant in clearcuts compared to forests, but the 
results have been somewhat inconsistent (deMaynadier and Hunter 1995). Our studies of small 
ponds indicates that aquatic-breeding amphibians on southeastern Vancouver Island continue to 
breed in small ponds after harvesting at least initially, and that some may be attracted to the 
reduced canopy cover conditions over ponds for egg laying (e.g., warmer water; Wind 2006). 
This is consistent with other studies that have shown greater productivity in ponds with low 
cover (Werner and Glennemeier 1999, Lauck et al. 2005). 
 
The greatest concern with amphibians breeding in and being attracted to ponds in cutover areas 
relates to the potential for these habitats to act as reproductive sinks. Hydroperiod is a major 
concern for amphibians breeding in clearcut ponds; it is assumed that reduced canopy cover will 
lead to greater evaporation and reduced hydroperiod. In Clayoquot Sound, Beasley et al. (2000) 
found each amphibian species occurred as frequently in wetlands in logged areas as in 
undisturbed sites “despite our finding that a higher proportion of the pond area had dried up 
within wetlands surrounded by clearcuts compared to those with less disturbance.” The results 
from our Nanaimo Lakes study suggest that the majority of small ponds in that area have longer 
hydroperiods initially after harvesting so that the in-pond conditions may be suitable for 
developing larva regardless of cover (e.g., in clearcuts and in blocks containing retention; Wind 
2006). However, these trends may not occur in all systems and metamorphs may be particularly 
vulnerable to desiccation and predation in cutover habitats when they emerge from ponds in mid 
to late summer. Therefore, the retention of riparian vegetation, patches, and corridors within the 
blocks may be critical for this life stage in particular. 
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1.3 Lack of Protection for Small Wetlands 
In the FRPA Guidelines for Riparian Protection, a wetland is defined as a “swamp, marsh, bog 
or other similar area that supports natural vegetation that is distinct from adjacent upland areas”; 
no real distinction is made between lakes and wetlands and the guidelines treat both equally. 
 
Based on FRPA, the largest lakes and wetlands (greater than 5 ha) and those in dry zones and 
subzones (e.g., CDF, and CWHxm; 1-5 ha), receive: 

• a minimum 30 to 50-m riparian management area (where there are limitations on 
roads and gravel operations), 

• a 10-m riparian buffer (no cut zone), and 
• a 20 to 40-m riparian management zone that retains ≥ 10 % basal area of 

representative trees 
 
Wetlands less than 5 ha in the CWHmm, vm, vh, and MHmm and less than 1 ha in the CDF and 
CWHxm, dm, and ds receive no riparian buffer but do require a riparian management zone and 
area. Completely unprotected wetlands and lakes in south-coastal BC include those less than 1 ha 
in size within the CWHmm, vm, vh, and MHmm, and less than 0.5 ha in the CDF and CWHxm, 
dm, and ds. In all southwestern BC zones, wetlands or lakes < 0.5 ha in size receive no 
protection in any form, unless they are incorporated into a wetland complex (W5; BC Ministry of 
Forests and Range 2004). 
 
Some inherent aspects of small wetlands makes them difficult to manage and protect. The 
majority of small wetlands (< 1 ha) are unmappable—they are not identifiable from air photos 
due to the closed nature of the canopy (Wind 2003). As a result, small wetlands often don’t 
appear on initial block plans and it is the responsibility of the forest engineer on the ground to 
locate and identify these areas during layout. Once identified, many are not recognized as 
‘wetlands’ per se—many of these small wetlands appear as “sensitive soil” zones, where 
machine operators are prohibited or encouraged to be cautious (more for safety’s sake than for 
habitat protection; Wind 2003, pers. obs.). This may be partly due to the fact that the majority of 
these small wetland habitat types have not been classified and / or they fall under terrestrial site 
classifications (W. MacKenzie, pers comm.; MacKenzie and Moran 2004), and the lack of 
awareness that these areas provide important wildlife habitat. In Clayoquot Sound, Beasley et al. 
(2000) found that many ponds were “in areas that are not associated with wetlands by Terrestrial 
Ecosystem Mapping (i.e., 21 wetlands were found in polygons classified as ‘coastal forest areas’, 
including: Coastal Western Hemlock - Western Redcedar, Amabalis Fir-Western Hemlock, and 
Mountain Hemlock-Amabilis Fir.). Of these, 71% had Northwestern Salamanders, 38% had 
Pacific Treefrogs, 29% had [Rough-skinned] Newts, and 19% had Red-legged Frogs.” This lack 
of prioritization or acknowledgement as important wildlife habitat is reflected in the size bias 
associated with protection. In some divisions, many of the “larger” small wetlands tend to be 
excluded from block boundaries or receive retention patches while smaller ponds go unprotected 
(Wind 2003, pers. obs.). When no retention or machine-free status is given, small wetlands often 
end up purposely filled to develop roads or to create crossings / access for machinery, full of 
debris (e.g., tops and limbs) and sediment (pers. obs.), and / or they may be planted (e.g., with 
cedar) to increase the potential yield of the site (K. Dodd, pers. comm.). 
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Variable retention harvesting methods often anchor forest patches over small wetlands, 
effectively creating a riparian buffer. However, not all small ponds within a patch may receive 
retention due to limitations on retention levels and / or configuration, inherent biases towards 
larger ponds, access issues, etc. Where priorities need to be made regarding the allocation of 
retention in relation to small pond habitats, forestry engineers, planners, and technicians require 
more scientifically-based guidelines to make those decisions. 

1.4 Objectives 
The main goal of this FSP project was to conserve and protect native aquatic-breeding amphibian 
species and small wetland habitats within landscapes managed for timber production. Small 
wetland habitats are critical areas for native amphibians—they help maintain genetic 
connectivity (i.e., stepping stones used during migration and as breeding sites), as well as 
providing cover, foraging areas, and moist microsites. 
 
The objectives of this FSP project were to: 

1. Identify characteristics of small wetland habitats used as amphibian breeding sites 
2. Record changes to wetlands that may occur as a result of timber harvesting that influence 

their suitability for amphibians 
3. Create a user-friendly field card that forestry workers could use during proposed block 

assessments and layout to prioritize which small ponds should receive retention where 
choices need to be made 

4. Increase awareness among forestry personnel of the importance of these habitat types and 
provide guidelines to maintain and protect them 

 

2.0 METHODS 

2.1 Data Collection  

2.1.1 Habitat Associations 
To determine the habitat associations of native amphibians breeding in small ponds, a variety of 
local studies were referred to as well those that have taken place throughout the native species’ 
home ranges.  
 
We have been investigating the effects of forest harvesting on small ponds (< 1 ha) and 
associated amphibian species in the Nanaimo River watershed since 2003 (Wind 2006). This is 
the most intensive study of its kind for small ponds and amphibians in a harvested landscape than 
any that has been conducted within the Pacific Northwest and was the primary basis of much of 
the information used to create the field card. The main objectives of the Nanaimo River study are 
to determine whether timber harvesting: 

1. Changes the hydroperiod of small wetland habitats < 1 ha in size 
2. Influences the suitability of the small ponds for breeding by native amphibian species 
3. Alters the in-pond habitat characteristics of the pond (e.g., percent vegetative cover, 

composition) 
The details of how the data were collected and overall results to date can be found in Wind 
(2006). 
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Other amphibian studies were consulted secondarily during the development of the field card. 
These studies were more limited in their applicability or scope because they: 1) collected 
information based on single site visits (e.g., inventories), 2) they occurred in landscapes managed 
for objectives other than timber production (e.g., agricultural or urban areas), and / or 3) they 
were terrestrial versus aquatic based. Studies based on single visits (e.g., inventories), may have 
low and biased amphibian detection information (e.g., lower detections in ponds with higher 
vegetative cover). Two such studies on Vancouver Island included an extensive survey of ponds 
conducted by the Long Beach Model Forest in the late 1990’s in Clayoquot Sound (Beasley et al. 
2000), and surveys of small ponds in both north and south eastern Vancouver Island in 2002 
(Wind 2003). Numerous studies have taken place throughout the Pacific Northwest in relation to 
timber harvest or stand age (e.g., across a chronosequence) that have attempted to identify 
amphibian habitat associations. These often occurred at landscape-level scales and focused on 
terrestrial versus aquatic habitats (e.g., Bury and Corn 1988, Aubry and Hall 1991). However 
limited these studies may be in relation to our specific small pond objectives, they provide some 
insight into the general habitat associations of our native species and were referred to during the 
study. 
 
2.1.2 Data Analyses 
The data from the Nanaimo River sites were analyzed in a number of ways. General patterns 
regarding habitat associations were investigated through exploratory data analyses for all species 
individually (e.g., comparing averages of habitat variables from occupied versus unoccupied 
ponds; graphing trends through time). However, the low number of breeding sites for Red-legged 
Frogs (Rana aurora) and Rough-skinned Newts (Taricha granulosa) did not allow for more 
robust statistical analyses. 
 
A more in-depth analysis was conducted for those species with adequate breeding site sample 
sizes [i.e., Pacific Chorus Frog (Treefrog; Pseudacris regilla) and Long-toed Salamander 
(Ambystoma macrodactylum)] to determine potential pre-harvest habitat associations. For these 
analyses, a relatively new software package called Presence was used (see MacKenzie et al. 
2002, 2003, 2004). This package allows researchers to model occupancy in relation to 
detectability, incorporating both site- and survey-level covariates into the analyses. The software 
tool has not been used to model data or questions such as ours before so we worked in 
collaboration with an expert from the USGS in Corvallis, Oregon familiar with the package 
during this process (Michael J. Adams, PhD). 
 
Because I saw that amphibians were exploiting previously unoccupied ponds post harvest (Wind 
2006), I attempted to characterize newly occupied ponds from those with no breeding history so 
that they could be included in the field card and potentially receive riparian retention (i.e., avoid 
creating potential sink habitats). To do this, I compared the pooled pre-harvest occurrence data 
for both 2004 and 2005 for Bear Creek and Rheinhart sites with ‘new’ previously unoccupied 
ponds from the post-harvest 2006 data. For the Dunsmuir site, I compared the 2004 pre-harvest 
occupancy data to the pooled 2005 and 2006 ‘new’ post harvest occupied ponds. The occupancy 
data was analyzed in relation to the following 2006 habitat data: 

• maximum May water depth (from first sampling period in May) 
• hydroperiod (in 9 classes from early May to Early Sept.) 
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• retention level (in 4 classes: 0 – none; 0.25 – thin all around, or buffered but some edges 
exposed; 0.5 – thick, consistent all around; 0.75 – 1+ edges exposed but surrounded by 
forest; 1 – forested) 

• percent canopy cover: at the north, east, west, and south shorelines, and over the centre of 
the ponds, and average percent canopy cover (previous 5 variables), and 

• percent cover of trees, shrubs, herbs, thin and thick graminoids, moss, bare pond bottom, 
downed wood (sticks, and coarse woody debris > 10cm diameter), open water, and shallow 
water (< 50cm) 

 
A Mann-Whitney U test was run for each habitat variable to see which were significantly 
different among occupied versus never been occupied ponds, and a forward stepwise 
discriminant function analysis was used with all 2006 variables combined to see which variables 
entered the best fit model to separate each group of ponds. These analyses were run for Pacific 
Chorus Frogs (Treefrogs), the species that had the greatest initial ‘exploitative’ response to forest 
harvesting. 
 

2.2 Development of Small Wetland Field Card 

2.2.1 Creating a Decision Matrix 
The main objective in variable selection for inclusion in the field card was finding a balance 
between ability to predict amphibian breeding occurrence and practicality or ease of use. For 
example, a major objective was to use the fewest number of most accurate / reliable variables as 
possible to increase efficiency of field card use in the field.  
 
The background knowledge and skills of the field personnel, available time, and equipment were 
identified as limiting factors in designing the field card. For example: 

• Vegetation identification skills – limited knowledge of wetland vegetation species 
(e.g., identifying sedges and rushes to species); best to focus on broad morphological 
levels (e.g., thin-stemmed graminoids, woody shrubs) 

• Gear (e.g., foot wear) – most likely not willing and able to walk into the wetland, 
which limits assessment (will likely only view from the edge)  

• Time – use will likely be highly correlated with efficiency (i.e., needs to be quick); 
e.g., wetland classification would be too onerous (e.g., MacKenzie and Moran 2004). 

 
The results from the habitat association analyses in Section 2.1 were used to select variables that 
were relatively easy to measure yet provided an accurate assessment of the likelihood that a pond 
contained breeding amphibians. The extreme values for some variables ponds were identified as 
key factors separating occupied versus no detection ponds (e.g., smallest ponds that contained 
amphibian breeding, highest canopy cover of occupied ponds, etc.). The results from occupancy 
modeling were used to help identify, or confirm, these important habitat variables. 
 
Lastly, the ‘measurability’ of each variable was taken into account. The variables were related to 
the available time, equipment, and skill set / knowledge base of the technicians that would be 
using the card. Foresters and engineers were consulted as to the format of the field card, 
operational logistics and constraints, terminology and mapping, and equipment used in the field. 
In addition, a geomorphologist and a wetland vegetation expert were consulted to discuss how 
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soils and wetland plants might be used during field card development and use (e.g., as 
indicators).  
 
I attempted to use the wetland classification system that exists for BC, but the majority of small 
wetland habitats are not classified (W. MacKenzie, pers comm.; MacKenzie and Moran 2004). A 
separate classification may be needed to help predict amphibian occurrence in these small ponds 
as wetland inventory classification systems in combination with measured and regressed wetland 
characteristics may be the most powerful predictor of amphibian occurrence and breeding 
(wetland classifications alone were poor predictors; Munger et al. 1998). This requires further 
investigation. 
 
2.2.2 Field Testing 
Field testing of the card will take place in 2007. Numerous forested test sites (i.e., proposed 
blocks) have been established that contain a number of small pond habitats on eastern Vancouver 
Island, the Sunshine Coast, and Port Alberni (Table 1). Each site and its associated ponds will be 
visited at least four times during spring and summer 2007 by an amphibian biologist to confirm 
whether amphibians utilize the ponds for breeding. Volunteer forestry technicians from a number 
of companies will visit each pond and use the field card to rank each one in terms of the 
probability that the pond contains breeding amphibians. Each pond will be assessed by at least 
two different technicians and under at least two different seasonal conditions (e.g., early spring 
and late summer—high versus low water, and low versus high vegetative cover). Each 
participant will be asked to use the card to assess each pond, and fill out an evaluation form 
(Appendix 1). 
 
The results from the breeding surveys will be assessed in relation to the technician scores for 
each pond. The card will be considered successful if at least 75% of confirmed amphibian 
breeding ponds are allocated via the field card as having a medium or high probability of 
containing breeding amphibians (i.e., priority ponds for retention). A higher overlap will be 
required for ponds that contain larva of the numerous species, and /or the blue-listed Red-legged 
Frog (i.e., ≥ 90%). 
 
The card is considered a ‘work in progress’ and will be adapted as new information becomes 
available regarding the habitat associations of local amphibian species, impacts of forest 
harvesting on small wetland habitats, and the usability of the card by forestry technicians. 
 
Table 1. Test sites for wetland field card 

Test 
Site # Location Operation / Block #

Scheduled 
Harvest Yr. # Wetlands Elevation

1 Northwest Bay 294132 2008 8-10 180 
2 Nanaimo Lakes 94266 2008 8 710 
3 Nanaimo Lakes 101341 2008 7 350 
4 Stillwater WL937 future block 4 240 
5 Stillwater ST324 2008 1-2 250 
6 Port Alberni 974109-NA160 2008+ 4-6 1030 
    Total: 32-37   
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2.2.3 Best Management Guidelines – Forest Harvesting and Small Pond Habitats  
In addition to what has been observed at the three pre- and post-harvest study sites in the 
Nanaimo Lakes area, I have also recorded operational issues related to the management of small 
wetland habitats across Vancouver Island since 2002 (i.e., in different environments, and under 
various companies, guidelines, and harvesting systems). This information was compiled into a 
series of guidelines or Best Management Practices for the management of small wetland habitats 
and amphibian populations. These observations or recommendations do not necessarily reflect 
common or widespread practices, but rather they highlight the scenarios under which wetlands 
and local amphibians are at greatest risk of degradation or loss (i.e., situations to avoid whenever 
possible). A summary version of the Best Management Practices was included on the reverse 
side of the wetland field card. 
 
2.2.4 Extension and Promotion 
The field card will be inherently promoted to numerous forestry staff and companies during the 
field testing stage in 2007, but extension will also take place upon its completion (i.e., post field 
testing and final editing). The results of the study and the field card will be presented at various 
forest management-based meetings and conferences, articles will be submitted for publication in 
newsletters or magazines that reach local foresters (e.g., BC Forest Professional Magazine, 
FORREX publications), and a manuscript will be submitted to a refereed journal in early 2008 
(e.g., Journal of Forest Ecology and Management). Informal training regarding the use of the 
field card will also be promoted and provided to forestry company staff across the south-coast. 
 

3.0 RESULTS & DISCUSSION 

3.1 Habitat Associations – Pre- and Post-Harvest Nanaimo Lakes Study 
Four amphibian species were confirmed breeding in the 70+ small ponds in the Nanaimo Lakes 
area: Pacific Chorus Frog (Treefrog; Pseudacris regilla), Red-legged Frog (Rana aurora), Long-
toed Salamander (Ambystoma macrodactylum), and Rough-skinned Newt (Taricha granulosa). 
Data were sparse for the Red-legged Frog and Rough-skinned Newt and few analyses could be 
conducted for these species individually. 
 
3.1.1 Pond Area 
For the three sites in the Nanaimo Lakes area studied from 2004 to 2006, both exploratory 
analyses and occupancy modeling revealed that pond area was a significant factor separating 
breeding from no detection ponds. The ponds ranged in size from 8.5 to 2600+ square metres 
(0.00085 - 0.26 ha) with the smallest pond used for breeding equaling approximately 35 square 
metres (0.0035 ha). Few ponds under 100 square metres (0.01 ha) were used for breeding, but 
more than 70% of ponds in all larger size categories up to and including 2600 square metres 
(0.26 ha) had breeding (Fig. 1). All but one pond larger than 500 square metres (0.05 ha) had 
confirmed breeding in 2004 (see Fig. 3). 
 
There was a significant difference in pond area of breeding versus no detection ponds for all 
species combined before and after harvesting (2004: Mann-Whitney U test statistic = 289.500, df 
= 1, p < 0.000; 2006: Mann-Whitney U test statistic = 172.5, df = 1, p < 0.000). Occupancy 
modeling determined that there was a positive effect of pond area on both the occupancy and 
detectability of Chorus Frogs (Treefrogs) in 2004 (pre harvest) for all sites combined (66 ponds; 
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see Appendix 2 for detailed results). In 2006 (post harvest), the proportion of ponds with 
breeding was very low for ponds smaller than 100 square metres (0.01 ha; 0-10%), especially for 
Red-legged Frogs and Long-toed Salamanders (the former were not found breeding in any ponds 
less than 280 square metres; 0.028 ha).  
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climatic conditions (e.g., winter precipitation levels), and this variable appeared to change after 
harvesting. For example, our exploratory analyses suggested that hydroperiod was related to 
pond area in 2004 (pre harvest; dryer year), with larger ponds holding water longer (Kruskal-
Wallis test statistic = 19.82, df = 6, p = 0.003). However, this relationship was not found in 20
(wetter year) for all sites combined (i.e., one harvested site, two unharvested; Kruskal-Wallis test 
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statistic = 5.59, df = 5, p = 0.35), nor was a relationship found in 2006 when all sites were 
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of the occupancy models for Chorus Frogs (Treefrogs) or Long-toed salamanders for the 2004 
data, but water depth appeared to affect detectability of salamander larva across sampling perio
(see Appendix 3). 
 
U
ponds for breeding that dried by early June, with increasing proportions of ponds being occupied 
that had longer hydroperiods (Fig. 2a). A high proportion of the ponds in 2004 had mid-range 
hydroperiods, drying in late June (n = 22) and early July (n = 21; 61% of ponds in total), but le
than half were used for breeding (this period often corresponds with the beginning of 
metamorphosis). In contrast, no pattern was found post harvest (2006) in terms of hyd
and amphibian breeding for all species at all three sites combined; there was a higher availabilit
of ponds across the late July to early September drying periods and the ponds in these categories 
had 60-100% occupancy (Fig. 2b). None of the ponds that dried in early June had observed 
breeding in 2006. For Red-legged Frogs, the larva of which have a relatively long developm
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period, breeding occurred in ponds with relatively long hydroperiods (e.g., they did not usually 
dry before late July), including some ponds that did not dry at all in 2005 and 2006. 
 
In
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igure 2. Percent of ponds per drying period that had confirmed am
(pre-harvest) and b) 2006 (post harvest) 
 
3.1.3 Canopy Cover 
Exploratory analyses indicated that no ponds with
containing overhead canopy cover had confirmed am
canopy ponds; Fig. 3). Ponds that had closed canopies tended to be sm
ponds had evidence of breeding suggesting that canopy cover ma
for assessing the suitability of very small ponds for am
square metres had at least one confirmed species breeding. 

 addition, hydroperiod was also a difficult variable to predict based on physical characteristics 

s are 

phibian breeding in a) 2004 

 greater than 40% of the pond’s surface area 
phibian breeding in 2004 (i.e., closed-

all, but numerous small 
y be a better metric than area 

phibians; all but one pond larger than 500 

 

of the pond (e.g., basin morphology, spring water depth, or vegetation), which made it a 
challenging variable to include in the field card (e.g., direct observations over repeat visit
required to determine when a pond dries). 
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Occupancy modeling determined that there was a negative relationship between canopy cov
and pond occupancy of Chorus Frogs (Treefrogs) and a positive relationship for Long-toed 
salamanders in 2004 (Appendix 2 and 3); insufficient data precluded analyses for Red-legged 

er 

Frogs. 
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Figure 3. Number of species breeding in each pond in relation to overhead canopy cover (canopy 
closure) and pond area in 2004. 
 
3.1.4 In-Pond Vegetation and Woody Debris 
In terms of percent cover of in-pond vegetation, ponds with confirmed breeding tended to have 
higher average cover rates of all vegetation types than those where no breeding was detected. 
However, the cover rates were still relatively low at occupied ponds: for all vegetation 
categories, the average percent cover of occupied ponds was below 50% with most occupied 
ponds having < 20% cover (although the range was from 0% to 80+% cover for each vegetation 
category). Ponds without breeding tended to have no vegetation or only a trace (< 5%) within 
any vegetation category. 
 
Exploratory analyses using two sites with two years pre-harvest data collection, indicated that 
there was significantly more shrub cover (Mann-Whitney U test statistic = 109.0, p = 0.003), 
graminoids (Mann-Whitney U test statistic = 109.0, p = 0.002), and herbs (Mann-Whitney U test 
statistic = 132.5, p = 0.014) at occupied ponds versus those with no detections, but no difference 
in the amount of moss (p > 0.10). For all three sites in 2004, there was significantly higher cover 
of graminoids (Mann-Whitney U test statistic = 367.5, p = 0.006) and shrubs (Mann-Whitney U 
test statistic = 436.5, p = 0.053) at ponds with breeding amphibians. The results from the 
occupancy modeling exercise indicated graminoids may be an important factor in where Chorus 
Frogs (Treefrogs) tadpoles were observed in 2004, but the relationship was weak compared to 
the effect of pond area and canopy cover (Appendix 2). 
 
For ponds larger than 100 square metres but less than 500 square metres (0.01 ha < 0.05 ha) and 
containing less than 40% canopy cover (critical thresholds for occurrence identified during 
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analyses; see section 3.1.1 and section 3.1.3), the only habitat variable that differed among ponds 
with confirmed breeding versus those with no detection was percent cover of sticks (woody 
debris less than 10 cm in diameter; Mann Whitney U test statistic = 168, chi-square = 4.225 1 df, 
p = 0.04); ponds without breeding usually contained more than a trace of sticks (e.g., 10+%). 
Coarse woody debris (> 10 cm in diameter) was also close to significant, with no detection ponds 
containing a higher percentage than occupied ponds (usually less than 20% cover). 
 
3.1.5 Utilization of New Ponds Post Harvest 
Pacific Chorus Frogs (Treefrogs) exploited new ponds post harvest. There is some concern that 
these ponds could act as sink habitats for larval and newly metamorphosed amphibians. As such, 
identifying habitat characteristics of ponds that are more likely to be newly exploited for 
breeding post harvest is valuable for prioritizing retention. 
 
There was a significant difference in the area of newly occupied Chorus Frog ponds (Mann-
Whitney U test statistic = 132.5, p = 0.005), maximum May water depth (Mann-Whitney U test 
statistic = 135.5, p =  0.006), percent cover of thin graminoids (Mann-Whitney U test statistic = 
146.0, p = 0.047), and percent cover of bare ground (Mann-Whitney U test statistic =  148.0, p = 
0.062) compared to those ponds with no detection history. All variables had higher values in 
occupied ponds. The majority of the newly occupied ponds were between 100 and 300 square 
metres (0.01 to 0.03 ha); few of the ponds smaller than 100 square metres (< 0.01 ha) became 
occupied post harvest and three of the five largest no detection ponds contained high levels of 
relatively tall and dense shrub cover (Spirea). 
 
The analyses from the forward stepwise discriminant function analysis of the occupied versus no 
detection ponds produced a model with May maximum water depth (first variable that entered 
the model), hydroperiod, percent cover of herbs, percent cover of thin graminoids, percent cover 
of bare pond bottom, and average canopy cover as best describing the main differences between 
the two pond groups. New Chorus Frog ponds were larger, had deeper water, stayed wet longer, 
and had greater cover of herbs, thin graminoids, and bare ground, and lower canopy cover levels 
than ponds that had never been exploited. 
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3.2 Habitat Associations – Literature Review 
Relatively few studies have investigated habitat associations of lentic-breeding amphibians in the Pacific Northwest, especially small 
pond habitats. Table 2 summarizes the results of those studies. 
 
Table 2. Summary of habitat associations of lentic-breeding amphibians in the Pacific Northwest. 
Species Habitat Associations / Requirements 
General (all 
PNW species 
combined) 

Water Depth: Eggs are usually laid between 10-100 cm (occasionally deeper); 
Water Flow Rates: “current velocities approaching 2 cm/second may be optimum in that slight currents are beneficial in 
flushing silt and suspended solids, and in delivering oxygenated water to eggs”; 
Water Quality: the distribution of some species, as well as breeding success, may be related to water quality, “most notably 
conductivity, pH, Al, total cations, NO2, chemical oxygen demand and dissolved organic carbon” 
Vegetation: “both dense (95-100%) and light (0-5 %) [vegetative] cover is avoided” 
Orientation and Size: length of shoreline in relation to area should maximize spawning, feeding and cover habitats; spring-
breeding species often lay their eggs along warmer northern shores; “the importance of orientation decreases with wetland 
size (Richter and Roughgarden unpublished manuscript)” 
Riparian Habitat: metamorphs of H. regilla, B. boreas, R. aurora, and T. granulosa appear to spend several weeks in buffers 
during summer droughts and disperse to upland sites when the soil and vegetation are moist (after rains). “Vulnerable 
metamorphs and juveniles may have greater cover, moisture, and food within wetland buffers than in upland sites” [Richter 
1997 (Puget Sound, WA)] 
 
“Wetlands with breeding amphibians had greater cover by forbs, emergent vegetation and downed wood on the bottom, and 
more humus as substrate. These characteristics typify bogs, fens and marshes more than shallow water or swamps” [Beasley 
et al. 2000 (Clayoquot Sound, BC)] 

Pacific Chorus 
Frog (Treefrog; 
Pseudacris 
regilla) 
 

Common in both semi-permanent and permanent water bodies [Richter and Azous 1995 (Puget Sound, WA)] 
 
Most common in bogs and fens [Beasley et al. 2000 (Clayoquot Sound, BC)] 
 
Negatively associated with: the presence of non-native fish, shading, forest cover within 100 m, and Bullfrog breeding [Pearl 
et al. 2005 (Willamette Valley, OR)]; flowing water (> 5 cm/sec) and water level fluctuation (> 20 cm) [Richter and Azous 
1995 (Puget Sound, WA)] 
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Red-legged 
Frog 
(Rana aurora) 

Most common at wetlands below 500 m on eastern and western Vancouver Island (but occur at elevations over 1000 m) 
[Beasley et al. 2000, Wind 2003] 
 
Common in both semi-permanent and permanent water bodies [Richter and Azous 1995 (Puget Sound, WA)] 
 
Lowest upper and lower thermal tolerances of young embryos of any ranid in North America (4-21°C) [Licht 1971 (Lower 
Mainland, BC)] 
 
“More likely to occur in wetlands with Treefrogs than those without” [Beasley et al. 2000, Clayoquot Sound, BC)] 
 
Positively associated with: forest cover within 1 km; insect predators (highest probability of Red-legged breeding was at 
intermediate predator levels) [Pearl et al. 2005 (Willamette Valley, OR)] 
 
Negatively associated with: open water (sites with Red-legged averaged 23-31% open water, without had 41-54%) and 
presence of non-native fish [Pearl et al. 2005 (Willamette Valley, OR)]; flowing water (> 5 cm/sec) and water level 
fluctuation (> 20 cm) [Richter and Azous 1995 (Puget Sound, WA)] 
 
Predation greatest factor affecting tadpole survivorship; mortality is density dependent (tadpoles at low density have a refuge 
from salamander predation) [Calef 1973 (Lower Mainland, BC)] 
 
Embryo mortality positively correlated to a principal water quality component comprising conductivity, Ca, Mg, and pH, and 
negatively correlated to a second principal component including total P, total suspended solids, Pb, Zn, Al, total organic 
content and dissolved oxygen [Platin (1994); Platin and Richter (1995) (Puget Sound, WA) cited in Richter 1997] 
 
Eggs laid in vegetation, especially submerged beds of Potamogetan and Isoetes [Calef 1973 (Lower Mainland, BC)] 
 
Lay their eggs attached to vegetation at a minimum of 46 cm, at least 61-92 cm from shore; masses laid at least 2 ft apart 
[Licht 1971 (Lower Mainland, BC)] 
 
Thin-stemmed emergent vegetation (rushes, sedges, herbs, and grasses) important for breeding site selection (microhabitats 
are key versus broader community characteristics) [Richter 1997 (Puget Sound, WA)] 
 
Eggs attached to submerged stalks of Typha, Carex and Potamogeton [Licht 1969 (Lower Mainland, BC)] 
 
Rarely found using Typha spp., despite its abundance in WA—observed wide use of less common Oenanthe, Polygonum, 
Juncus, Scirpus, and Carex.  Infer that plant species per se is unimportant for oviposition [Richter and Roughgarden 
(unpublished) in Richter 1997] 
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Long-toed 
Salamander 
(Ambystoma 
macrodactylum) 

Positively associated with: shallow water (< 50 cm); hydroperiod – temporary [Pearl et al. 2005 (Willamette Valley, OR)] 
Negative association with: presence of non-native fish; emergent non-Phalaris vegetation [Pearl et al. 2005 (Willamette 
Valley, OR)] 
 
Thin-stemmed emergent vegetation (rushes, sedges, herbs, and grasses) important for breeding site selection—oviposits 
primarily on very thin (i.e., 1-2 mm diameter vegetation [Richter unpublished data])  (microhabitats are key versus broader 
community characteristics) [Richter and Azous 1995 (Puget Sound, WA)] 

Northwestern 
Salamander 
(Ambystoma 
gracile) 

Positive association with: submerged vegetation (sites with Northwestern salamanders averaged 14-24% cover, without had 
5-7%); forest cover within 1 km [Pearl et al. 2005 (Willamette Valley, OR)] 
 
Negative association with: hydroperiod – temporary; shallow water (< 50 cm) [Pearl et al. 2005 (Willamette Valley, OR)]; 
flowing water (> 5 cm/sec.) and water level fluctuation (> 20 cm) [Richter and Azous 1995 (Puget Sound, WA)] 
 
Average stem diameters of the 28 plant species used as egg mass attachment sites was 3-4 mm; experiments showed an 
overwhelming preference for 3-mm dowels over 6-mm diameter dowels, while 9 mm dowels were almost totally avoided 
[Richter and Roughgarden (unpublished) in Richter 1997 (Puget Sound, WA)] 

Rough-skinned 
Newt (Taricha 
granulosa) 

Positive association with: forest cover within 1 km [Pearl et al. 2005 (Willamette Valley, OR)] 
 
Negative association with: presence of non-native fish; road density; conductivity [Pearl et al. 2005 (Willamette Valley, OR)] 
 
High prevalence at wetlands at higher elevations (> 500 m); “occurred more often in wetlands that were classified as bogs, 
fens and marshes than swamps and shallow open water” [Beasley et al. 2000, Clayoquot Sound, BC)] 
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3.3 Wetland Field Card 
The results from the habitat analyses in sections 3.1 and 3.2 were used in the development of a 
wetland field card. It was determined that the simplest field card to use and interpret involved a 
small number of simple yes-no questions related to the most predictive habitat variables we 
could identify (decision matrix; Appendix 4a). A combination of approximately four variables 
was selected to help differentiate potential amphibian breeding ponds from those with a low 
probability of breeding; wetland size, canopy cover, and percent cover of wetland vegetation and 
downed wood.  
 
A critical aspect of suitable wetland habitat for lentic-breeding amphibians is hydroperiod, 
especially in relation to small ponds. However, in many cases, a pond may only be visited on one 
occasion and this variable is difficult to estimate from habitat characteristics alone (i.e., there are 
few suitable indicators). Single visits may lead to biased conclusions about the site. For example, 
a technician may assume that if the site is extensive and deep in winter it has a long hydroperiod, 
or conversely, observations of small, dry ponds in late summer may be assumed to have short 
hydroperiods. Neither of which may be accurate. Although this variable was not included in the 
card, it was mentioned on the reverse side in the Best Management Practices section (see 
Appendix 4b). Hydroperiod may be estimated from a combination of soils, vegetation, and slope 
position / topography and planners, foresters and engineers may have basic tools and skills to 
assess hydroperiod (e.g., asses soils; S. Higman, pers. comm.). However, soils require further 
investigation to determine whether they can serve as a suitable indicator of hydroperiod for 
small, temporary ponds and whether they should be included on the wetland field card (e.g., 
based on ease of assessment and accuracy). 
 
Other factors that may be indicators of hydroperiod include temperature and dissolved oxygen 
(e.g., indicators of a ground water feed), but these variables are difficult and costly to measure 
(e.g., need special equipment). Water quality may also be an important factor in wetland 
suitability (e.g., ponds rich in organics may have decreased oxygen and pH), but these measures 
are also relatively difficult to assess by forestry technicians (e.g., conductivity; S. Higman).  
 
Ideally, the field card would be used by all individuals involved in site assessment and 
development and it would be used during all phases (e.g., the earlier the assessment occurs the 
easier it is to factor small wetlands into development plans; S. Higman, pers comm.): 

• Cutblock layout 
• Riparian assessments 
• Road layout and design, and 
• Silviculture prescriptions 

 
Use during all phases increases the probability that a wetland will be located as numerous people 
would be looking for them / aware of them—small wetlands can be very easily missed if you 
don’t walk close enough to them, especially during mid summer or at sites with high shrub 
growth (Wind 2003, pers. obs.). As well, the individuals involved with the numerous aspects of 
forest harvesting have different skills and abilities, but foresters are the best people to do this 
assessment as their skill set is varied and their knowledge and priorities extend beyond timber 
value (S. Higman, pers. comm.). 
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3.3.1 Field Card Use Limitations 
This card is based on data collected and amphibian species and small wetlands from Vancouver 
Island and is applicable to south coastal systems and species only. In addition, the sites are 
located between 320 to 370 m, which lies within the transition zone referred to as the “rain on 
snow” elevation band (S. Higman, pers. comm.). In this zone, water levels generally increase 
after forest harvesting with the hydrological cycle generally restored to 75% of its original status 
within 12 to15 years, and 100% recovery expected after 20 years (S. Higman, pers. comm.). At 
sites below and above this elevational band, ponds may get deeper, but drying rates will increase 
after harvesting (S. Higman, pers. comm.). The impact of forest harvesting on small pond 
habitats and the response of associated amphibian species outside of this elevation band requires 
additional research. 
 
Although the effects of forest harvesting on native amphibians in the Nanaimo Lakes area is the 
most extensive study of its kind, the results are preliminary (only 1 to 2 years of post-harvest 
data collection has occurred). The long-term effects and use by amphibians are unclear (e.g., use 
will likely shift with time in response to green-up). The sites will change naturally with time, but 
post-harvest treatments such as brushing and thinning may have direct negative impacts on small 
wetland habitats and local amphibians. Practices which reduce the width and density of the 
retention patch (e.g., felling alder) or put larvae at risk (e.g., spraying herbicides) should be 
avoided in and around high priority ponds (see field card Appendix 4a). Where riparian areas 
contain a high proportion of less desirable vegetation, consider leaving more trees around the 
pond (e.g., wider patch) initially so that brushing will not significantly reduce overall retention 
levels. Issues associated with post-harvest brushing and thinning: 

• Chemicals: Recent studies have shown that many pesticides are extremely toxic to 
amphibians, even in very low doses (e.g., manufacturer recommended levels). For example, 
an extensive study on pond communities demonstrated that manufacturer recommended 
application rates of glyphosate (Roundup) can lead to very high or complete mortality rates 
of tadpoles of various species (Relyea 2005). These chemicals should be avoided whenever 
possible, especially in blocks that contain amphibian breeding sites. 

• Technique: Manual methods (manual brushing) are preferred to those which include the use 
of chemicals, and spot spraying (hack and squirt) is preferred to those methods which 
impact large areas (broadcast spray) 

• Timing: If chemicals are used, avoid spraying around ponds in spring and early summer 
(vulnerable egg and larval stage), and mid to late summer when metamorphs are common 
in riparian areas (best period = fall or winter). A potential conflict may exist for some 
chemicals with an herbicide window in early spring ( M. Bowering, pers. comm.)—in this  
case, keep applications well back from wetland habitats. 

 
The duration of retention patches may vary across sites (i.e., they are not necessarily permanent 
and may be felled at some point during green-up). For example, commercial thinning may occur 
after approximately 10 years (sometimes later, closer to harvest date; M. Bowering), which could 
remove important buffers / retention patches. The effect of patch loss has not been investigated, 
but inherently poses risks to amphibians and wetland habitats due to the close proximity of these 
operations to breeding sites. Ideally, retention patches around high priority wetlands would be 
designated as permanent (see Appendix 4). 
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4.0 BEST MANAGEMENT PRACTICES FOR AQUATIC-BREEDING AMPHIBIANS 

 
1. Protect as many ponds as possible with windfirm riparian buffers. Windfirmness is 

critical to protecting the structural integrity of the pond habitat; use strategies such as 
edge feathering, variable widths, and topping to create more windfirm tree patches. In 
many cases, it may take little shoreline retention to protect the structural integrity of the 
pond and keep machinery back (see # 4 below). For example, protecting shoreline 
shrubs, and retaining all deciduous tree species with a few smaller coniferous trees 
within a windfirm design may be adequate to maintain microclimate conditions. 

2. If there are many small ponds within a block, and retention cannot be retained 
around all ponds, prioritize retention by using the field card. Additional factors to 
consider while using the field card include: 

a. Hydroperiod: 
i. water bodies must retain water until at least mid summer (e.g., late June) 

to be suitable for breeding. If you are visiting the site in mid-summer and 
see standing water, there is a high likelihood of breeding 

Indicators of hydroperiod: 
ii. wetland obligate species such as bulrushes or cattails, water lilies, 

buckbean, milfoil suggest long hydroperiods or permanent water 
iii. pond bottom type and firmness – a thick, soft muck layer is often indicative 

of long inundation or underground seepage 
iv. water temperature - cold waters can be indicative of underground seepage 
v. presence of Northwestern Salamander egg masses indicate permanent 

water -  the masses are grapefruit sized, have a whitish-green, opaque 
colouring, and their thick, heavy jelly layer requires that they be laid 
attached to sticks 

b. amphibians are less likely to breed in flowing water (e.g., > 5 cm / sec – Richter 
and Azous 1995) 

c. water bodies containing or connected to a fish-bearing waters are low priority 
habitat for most amphibian species due to predation (especially those containing 
trout, and non-native fish species). Water bodies that do not contain fish are high 
priority amphibian habitat 

d. consider less extensive or partial buffers on low priority wetlands where the 
amount of available retention is limited (e.g., leave a windfirm patch of trees on 
the southwest side only, and ribbon the remainder as a machine-free zone) 

e. protect clusters of ponds (e.g., in some cases, it may be easier or more desirable 
to create fewer, larger patches of retention around groups of ponds versus 
creating several smaller, isolated patches) 

3. Create linkages between ponds, and between ponds and surrounding patches of 
continuous forest, if possible. Riparian buffers serve a critical role for amphibians in 
terrestrial environments (e.g., small metamorphs emerging in mid summer). The wider 
the buffer, and more connected it is to surrounding cover and other wet areas the higher 
the quality of that retention habitat for amphibians. Retention left along small creeks, 
linear depressions, etc. that are connected to ponds may serve as moist movement 
corridors for amphibians. 
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4. Keep roads and machinery back. One of the best ways to protect the integrity of a pond 
is to reduce sediment and organic inputs. Because water collects in flat areas, roads are 
often placed over or adjacent to ponds. This changes the natural flow regimes to and 
from the pond and increases sediment loads. Road and harvesting machinery compact 
soils, which can also affect water flow and drainage. As well, the closer an operator gets 
to a pond the more likely that debris will end up in the pond (see 5). Consider 
implementing a protocol for all wetlands regardless of size and hydroperiod that makes 
operators aware of their status and location. For example, have all wet areas clearly 
marked on maps and ribbon all wet areas; one colour for retention and another for 
machine-free zones. 

5. Keep all limbs and tops out of ponds, and avoid yarding through ponds and riparian 
areas. Debris dropped into ponds can change the habitat structure of the pond (e.g., 
reduce amount of open water) and reduce water quality (e.g., reduce oxygen levels, 
change pH). 

6. Do not (re)plant ponds (e.g., with cedar). Each wet area plays an important role for 
amphibians for cover, hydration, and foraging (i.e., they act as stepping stones). Planting 
wet areas reduces the quantity and quality of wet areas within the landscape, creating 
barriers to movement and isolating populations.  

7. Do not spray herbicides or other chemicals over or near ponds, especially during the 
spring breeding season and in mid-summer when metamorphs are common in riparian 
areas (winter and fall are the best periods). Amphibians have permeable skin and they 
are extremely sensitive to chemicals, especially early life stages. Follow directions for 
use carefully. A potential conflict may exist for some chemicals with an herbicide window 
in early spring ( M. Bowering, pers. comm.)—in this  case, keep applications well back 
from wetland habitats. 
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APPENDIX 1. FIELD CARD WETLAND ASSESSMENT AND EVALUATION

Name: ____________________________________ Contact Info:_______________________ 
 
Assessment Location / Division: ___________________  _______________________ 
 
Date (dd-mm-yyyy): _____________________   _______________________ 
 

Wetland 
# 

Assessment 
(low, medium or 

high) Justification 
Additional Factors 

/ Comments 
 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 
Field Card Evaluation: 
 
1. Did you find the field card easy to use?   Yes / No 
 
Why?_________________________________________________________________________ 
 
2. Would you use the card regularly in the field? Yes / No 
 
Why? ________________________________________________________________________ 
 
3. Would you recommend it to other forestry workers? Yes / No 
 
Why? ________________________________________________________________________ 
 
4. What changes would you recommend to make it more user-friendly, effective, etc.? 
 
______________________________________________________________________________ 
 
______________________________________________________________________________

 25



APPENDIX 2. RESULTS FROM OCCUPANCY MODELING FOR PACIFIC CHORUS FROG (TREEFROG) 

 
Table 1. All models ranked by AIC. 
 
Model                                     AIC      delta AIC        AIC wgtModel Likelihood        No.Par.     -2*LogLike 
psi(area),p(can,area)                   88.05           0.00         0.3306         0.1093              5        78.0526 
psi(area,can),p(can,area)               88.98           0.93         0.2077         0.0687              6        76.9843 
psi(area),p(area)                       89.81           1.76         0.1371         0.0453              4        81.8133 
psi(area,gram),p(can,area)              89.89           1.84         0.1317         0.0436              6        77.8856 
psi(area),p(can)                        91.29           3.24         0.0654         0.0216              4        83.2886 
psi(area,can),p(can)                    91.74           3.69         0.0522         0.0173              5        81.7441 
psi(can),p(can,area)                    92.25           4.20         0.0405         0.0134              5        82.2475 
psi(area,gram),p(can)                   93.14           5.09         0.0259         0.0086              5        83.1443 
psi(.),p(area)                          95.40           7.35         0.0084         0.0028              3        89.3979 
psi(can,gram),p(can)                   103.81          15.76         0.0001         0.0000              5        93.8125 
psi(gram),p(can)                       104.05          16.00         0.0001         0.0000              4        96.0467 
psi(can),p(can)                        105.34          17.29         0.0001         0.0000              4        97.3369 
psi(.),p(can)                          107.85          19.80         0.0000         0.0000              3       101.8504 
psi(.),p(can,shrub)                    108.19          20.14         0.0000         0.0000              4       100.1898 
psi(.),p(can,open)                     108.20          20.15         0.0000         0.0000              4       100.2009 
psi(herb),p(can)                       108.90          20.85         0.0000         0.0000              4       100.9007 
psi(age),p(can)                        108.95          20.90         0.0000         0.0000              4       100.9477 
psi(.),p(can,depth)                    109.37          21.32         0.0000         0.0000              4       101.3665 
psi(hydro),p(can)                      109.64          21.59         0.0000         0.0000              4       101.6448 
psi(shrub),p(can)                      109.78          21.73         0.0000         0.0000              4       101.7785 
psi(open),p(can)                       109.84          21.79         0.0000         0.0000              4       101.8351 
psi(gram),p(gram)                      112.80          24.75         0.0000         0.0000              4       104.7965 
psi(.),p(open)                         115.84          27.79         0.0000         0.0000              3       109.8359 
psi(.),p(shrub)                        116.03          27.98         0.0000         0.0000              3       110.0326 
psi(.),p(stand)                        117.11          29.06         0.0000         0.0000              3       111.1081 
1 group, Constant P                    117.82          29.77         0.0000         0.0000              2     113.821263 
psi(.),p(gram)                         117.91          29.86         0.0000         0.0000              3       111.9059 
psi(.),p(depth)                        118.45          30.40         0.0000         0.0000              3       112.4524 
psi(.),p(early)                        119.11          31.06         0.0000         0.0000              3       113.1077 
psi(.),p(hydro)                        119.41          31.36         0.0000         0.0000              3       113.4094 
psi(.),p(herbs)                        119.43          31.38         0.0000         0.0000              3       113.4334 
psi(.),p(e2)                           119.64          31.59         0.0000         0.0000              3       113.6443 
1 group, Survey-specific P             134.52          46.47         0.0000         0.0000              8     118.519721 
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Table 2. Annotated output from Presence. 
 
     ==---==(psi(area),p(can,area))==---== 
 
 
PRESENCE - Presence/Absence-Site Occupancy data analysis 
Fri Mar 09 09:30:46 2007,       Version 2.051114 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
N,T-->66,7 
modtype-->1 Single-Season data Model selected 
NSi-->8 
site_covname[0]=Hydroperiod 
site_covname[1]=% Open Water 
site_covname[2]=% Canopy Cover 
site_covname[3]=% Shrubs 
site_covname[4]=% All Gram 
site_covname[5]=Area 
site_covname[6]=% Herbs 
site_covname[7]=Stand Age 
NSa-->0 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
    
 
modtype=1 N=66 T=7 Groups=1 bootstraps=0 
 
==>0 
 
Matrix 1: rows=2, cols=3 
psi  1.000000 Area 
======================== 
 
Matrix 2: rows=8, cols=4 
p1  1.000000 % Canopy Cover Area 
p2  1.000000 % Canopy Cover Area 
p3  1.000000 % Canopy Cover Area 
p4  1.000000 % Canopy Cover Area 
p5  1.000000 % Canopy Cover Area 
p6  1.000000 % Canopy Cover Area 
p7  1.000000 % Canopy Cover Area 
======================== 
 
Custom Model: 
 
Number of sites                = 66 
Number of sampling occasions   = 7 
Number of missing observations = 204 
 
Number of parameters           = 5 
-2log(likelihood)              = 78.0526 
AIC                            = 88.0526 
 
Model has been fit using the logistic link. 
 
Naive estimate                 = 0.1667 
 
============================================================ 
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Individual Site estimates of PSi: 
 
   Site            Psi     Std.err     95% conf. interval 
       0:       0.8996       0.1132       0.6777 -   1.1215 
       1:       0.9560       0.0656       0.8275 -   1.0846 
       2:       0.7947       0.1608       0.4795 -   1.1099 
       3:       0.9487       0.0731       0.8055 -   1.0920 
       4:       0.9978       0.0058       0.9864 -   1.0093 
       5:       0.4956       0.1678       0.1666 -   0.8246 
       6:       0.1408       0.0957      -0.0468 -   0.3285 
       7:       0.1637       0.1029      -0.0380 -   0.3655 
       8:       0.2128       0.1160      -0.0145 -   0.4401 
       9:       0.1895       0.1101      -0.0264 -   0.4053 
      10:       0.2411       0.1225       0.0010 -   0.4812 
      11:       0.1124       0.0853      -0.0548 -   0.2796 
      12:       0.1277       0.0911      -0.0509 -   0.3064 
      13:       0.1259       0.0905      -0.0514 -   0.3033 
      14:       0.1077       0.0834      -0.0557 -   0.2710 
      15:       0.0904       0.0757      -0.0580 -   0.2389 
      16:       0.0945       0.0776      -0.0576 -   0.2466 
      17:       0.3621       0.1464       0.0752 -   0.6490 
      18:       0.1092       0.0840      -0.0554 -   0.2739 
      19:       0.1173       0.0872      -0.0537 -   0.2883 
      20:       0.3584       0.1457       0.0728 -   0.6440 
      21:       0.8508       0.1403       0.5758 -   1.1258 
      22:       0.9170       0.1008       0.7195 -   1.1145 
      23:       0.1242       0.0898      -0.0519 -   0.3003 
      24:       0.6334       0.1793       0.2819 -   0.9849 
      25:       0.1572       0.1010      -0.0407 -   0.3551 
      26:       0.1704       0.1049      -0.0351 -   0.3760 
      27:       0.1016       0.0808      -0.0567 -   0.2600 
      28:       0.0987       0.0795      -0.0571 -   0.2546 
      29:       0.1408       0.0957      -0.0468 -   0.3285 
      30:       0.1242       0.0898      -0.0519 -   0.3003 
      31:       0.1468       0.0977      -0.0447 -   0.3383 
      32:       0.1389       0.0951      -0.0474 -   0.3252 
      33:       0.0816       0.0714      -0.0584 -   0.2215 
      34:       0.0931       0.0770      -0.0578 -   0.2440 
      35:       0.0878       0.0745      -0.0582 -   0.2338 
      36:       0.0945       0.0776      -0.0576 -   0.2466 
      37:       0.1207       0.0885      -0.0528 -   0.2942 
      38:       0.1108       0.0846      -0.0551 -   0.2767 
      39:       0.1846       0.1088      -0.0287 -   0.3978 
      40:       0.2411       0.1225       0.0010 -   0.4812 
      41:       0.1295       0.0918      -0.0504 -   0.3094 
      42:       0.3222       0.1390       0.0498 -   0.5946 
      43:       0.0904       0.0757      -0.0580 -   0.2389 
      44:       0.1259       0.0905      -0.0514 -   0.3033 
      45:       0.1314       0.0924      -0.0498 -   0.3126 
      46:       0.1798       0.1075      -0.0310 -   0.3905 
      47:       0.1637       0.1029      -0.0380 -   0.3655 
      48:       0.2238       0.1186      -0.0086 -   0.4562 
      49:       0.1798       0.1075      -0.0310 -   0.3905 
      50:       0.0904       0.0757      -0.0580 -   0.2389 
      51:       0.2381       0.1218      -0.0007 -   0.4769 
      52:       0.1190       0.0879      -0.0533 -   0.2913 
      53:       0.0865       0.0739      -0.0582 -   0.2313 
      54:       0.0878       0.0745      -0.0582 -   0.2338 
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      55:       0.1173       0.0872      -0.0537 -   0.2883 
      56:       0.0891       0.0751      -0.0581 -   0.2363 
      57:       0.1046       0.0821      -0.0563 -   0.2655 
      58:       0.1061       0.0827      -0.0560 -   0.2682 
      59:       0.1332       0.0931      -0.0493 -   0.3157 
      60:       0.1002       0.0802      -0.0569 -   0.2573 
      61:       0.1224       0.0892      -0.0524 -   0.2972 
      62:       0.0840       0.0726      -0.0583 -   0.2263 
      63:       0.1173       0.0872      -0.0537 -   0.2883 
      64:       0.0973       0.0789      -0.0573 -   0.2519 
      65:       0.0891       0.0751      -0.0581 -   0.2363 
 
Overall proportion of sites occupied = 0.2363 (0.0818) 
 
============================================================ 
 
Average detection probabilities: 
  1)   0.2227 
  2)   0.2227 
  3)   0.2227 
  4)   0.2227 
  5)   0.2227 
  6)   0.2227 
  7)   0.2227 
 
============================================================ 
 
Beta coefficients (se)  [logit]: 
Psi       -1.3082 ( 0.6924)  [ 0.2128 ( 0.1160)] 
Psi        1.6132 ( 0.6269)  [ 0.8339 ( 0.0869)] 
P         -1.9820 ( 0.9064)  [ 0.1211 ( 0.0965)] 
P         -1.7023 ( 0.8966)  [ 0.1542 ( 0.1169)] 
P          0.6390 ( 0.3193)  [ 0.6545 ( 0.0722)] 
 
============================================================ 
 
Variance-Covariance Matrix 
   Beta0   Beta1   Beta2   Beta3   Beta4 
  0.4794 -0.1751 -0.3543 -0.1196  0.1039 
 -0.1751  0.3930  0.1656  0.0765 -0.0482 
 -0.3543  0.1656  0.8216  0.5285 -0.1696 
 -0.1196  0.0765  0.5285  0.8040  0.0162 
  0.1039 -0.0482 -0.1696  0.0162  0.1019 
 
============================================================ 
 
Distribution of Psi's: 
  0.00: 
  0.05:**************************** 
  0.10:************************************************** 
  0.15:*************** 
  0.20:********* 
  0.25: 
  0.30:* 
  0.35:*** 
  0.40: 
  0.45:* 
  0.50: 
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  0.55: 
  0.60:* 
  0.65: 
  0.70: 
  0.75:* 
  0.80: 
  0.85:*** 
  0.90:*** 
  0.95:*** 
  1.00: 
 
CPU time: 0.0 seconds       
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Table 3. Output for next model. 
 
==---==(psi(area,can),p(can,area))==---== 
 
 
PRESENCE - Presence/Absence-Site Occupancy data analysis 
Fri Mar 09 09:35:42 2007,       Version 2.051114 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
N,T-->66,7 
modtype-->1 Single-Season data Model selected 
NSi-->8 
site_covname[0]=Hydroperiod 
site_covname[1]=% Open Water 
site_covname[2]=% Canopy Cover 
site_covname[3]=% Shrubs 
site_covname[4]=% All Gram 
site_covname[5]=Area 
site_covname[6]=% Herbs 
site_covname[7]=Stand Age 
NSa-->0 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
    
 
modtype=1 N=66 T=7 Groups=1 bootstraps=0 
 
==>0 
 
Matrix 1: rows=2, cols=4 
psi  1.000000 Area % Canopy Cover 
======================== 
 
Matrix 2: rows=8, cols=4 
p1  1.000000 % Canopy Cover Area 
p2  1.000000 % Canopy Cover Area 
p3  1.000000 % Canopy Cover Area 
p4  1.000000 % Canopy Cover Area 
p5  1.000000 % Canopy Cover Area 
p6  1.000000 % Canopy Cover Area 
p7  1.000000 % Canopy Cover Area 
======================== 
 
Custom Model: 
 
Number of sites                = 66 
Number of sampling occasions   = 7 
Number of missing observations = 204 
 
Number of parameters           = 6 
-2log(likelihood)              = 76.9843 
AIC                            = 88.9843 
 
Model has been fit using the logistic link. 
 
Naive estimate                 = 0.1667 
 
============================================================ 
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Individual Site estimates of PSi: 
 
   Site            Psi     Std.err     95% conf. interval 
       0:       0.7454       0.2969       0.1635 -   1.3274 
       1:       0.9716       0.0458       0.8819 -   1.0614 
       2:       0.8623       0.1356       0.5964 -   1.1281 
       3:       0.9669       0.0515       0.8661 -   1.0678 
       4:       0.9986       0.0039       0.9909 -   1.0063 
       5:       0.5560       0.1788       0.2055 -   0.9065 
       6:       0.1201       0.0791      -0.0351 -   0.2752 
       7:       0.2488       0.1646      -0.0739 -   0.5715 
       8:       0.0559       0.0840      -0.1087 -   0.2206 
       9:       0.1622       0.0927      -0.0196 -   0.3439 
      10:       0.2075       0.1056       0.0006 -   0.4143 
      11:       0.0640       0.0593      -0.0521 -   0.1801 
      12:       0.1088       0.0750      -0.0383 -   0.2559 
      13:       0.0720       0.0644      -0.0542 -   0.1983 
      14:       0.0001       0.0009      -0.0016 -   0.0019 
      15:       0.1453       0.1246      -0.0989 -   0.3895 
      16:       0.0148       0.0302      -0.0445 -   0.0740 
      17:       0.4859       0.2052       0.0836 -   0.8882 
      18:       0.0621       0.0580      -0.0516 -   0.1758 
      19:       0.0669       0.0611      -0.0529 -   0.1868 
      20:       0.2277       0.1458      -0.0581 -   0.5136 
      21:       0.8762       0.1246       0.6320 -   1.1204 
      22:       0.8961       0.1223       0.6563 -   1.1359 
      23:       0.0199       0.0398      -0.0581 -   0.0978 
      24:       0.6859       0.1782       0.3366 -   1.0352 
      25:       0.1960       0.1199      -0.0389 -   0.4309 
      26:       0.0433       0.0668      -0.0876 -   0.1741 
      27:       0.0576       0.0550      -0.0502 -   0.1655 
      28:       0.0369       0.0468      -0.0548 -   0.1286 
      29:       0.1201       0.0791      -0.0351 -   0.2752 
      30:       0.1058       0.0739      -0.0391 -   0.2506 
      31:       0.0846       0.0722      -0.0568 -   0.2261 
      32:       0.0010       0.0052      -0.0091 -   0.0112 
      33:       0.0034       0.0112      -0.0186 -   0.0253 
      34:       0.0007       0.0034      -0.0059 -   0.0072 
      35:       0.0024       0.0088      -0.0149 -   0.0196 
      36:       0.0061       0.0176      -0.0284 -   0.0406 
      37:       0.0009       0.0044      -0.0078 -   0.0096 
      38:       0.0073       0.0208      -0.0335 -   0.0481 
      39:       0.0726       0.0818      -0.0877 -   0.2328 
      40:       0.2075       0.1056       0.0006 -   0.4143 
      41:       0.0056       0.0183      -0.0303 -   0.0415 
      42:       0.0413       0.0943      -0.1435 -   0.2262 
      43:       0.0091       0.0225      -0.0349 -   0.0532 
      44:       0.0131       0.0317      -0.0489 -   0.0752 
      45:       0.1119       0.0762      -0.0374 -   0.2613 
      46:       0.1537       0.0902      -0.0230 -   0.3305 
      47:       0.0635       0.0732      -0.0800 -   0.2071 
      48:       0.2724       0.1386       0.0008 -   0.5440 
      49:       0.2222       0.1269      -0.0265 -   0.4710 
      50:       0.0770       0.0618      -0.0441 -   0.1980 
      51:       0.3443       0.1878      -0.0238 -   0.7124 
      52:       0.1869       0.1431      -0.0935 -   0.4673 
      53:       0.1395       0.1217      -0.0991 -   0.3780 
      54:       0.0747       0.0607      -0.0443 -   0.1938 
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      55:       0.1487       0.1048      -0.0567 -   0.3540 
      56:       0.0139       0.0285      -0.0420 -   0.0698 
      57:       0.0044       0.0145      -0.0241 -   0.0329 
      58:       0.0257       0.0419      -0.0565 -   0.1078 
      59:       0.0215       0.0428      -0.0623 -   0.1053 
      60:       0.0065       0.0187      -0.0302 -   0.0432 
      61:       0.0196       0.0392      -0.0573 -   0.0964 
      62:       0.0311       0.0407      -0.0487 -   0.1110 
      63:       0.0669       0.0611      -0.0529 -   0.1868 
      64:       0.0551       0.0533      -0.0494 -   0.1596 
      65:       0.0504       0.0500      -0.0476 -   0.1483 
 
Overall proportion of sites occupied = 0.1928 (0.0492) 
 
============================================================ 
 
Average detection probabilities: 
  1)   0.2519 
  2)   0.2519 
  3)   0.2519 
  4)   0.2519 
  5)   0.2519 
  6)   0.2519 
  7)   0.2519 
 
============================================================ 
 
Beta coefficients (se)  [logit]: 
Psi       -2.4055 ( 1.2247)  [ 0.0828 ( 0.0930)] 
Psi        1.5887 ( 0.6068)  [ 0.8304 ( 0.0854)] 
Psi       -1.6183 ( 1.5879)  [ 0.1654 ( 0.2192)] 
P         -1.4767 ( 1.0028)  [ 0.1859 ( 0.1518)] 
P         -1.1514 ( 1.0817)  [ 0.2402 ( 0.1974)] 
P          0.5916 ( 0.3073)  [ 0.6437 ( 0.0705)] 
 
============================================================ 
 
Variance-Covariance Matrix 
   Beta0   Beta1   Beta2   Beta3   Beta4   Beta5 
  1.5000 -0.1668  1.6549 -0.5335 -0.4157  0.0929 
 -0.1668  0.3682 -0.0426  0.1105  0.0463 -0.0341 
  1.6549 -0.0426  2.5213 -0.4491 -0.5905  0.0174 
 -0.5335  0.1105 -0.4491  1.0056  0.7979 -0.1630 
 -0.4157  0.0463 -0.5905  0.7979  1.1702  0.0128 
  0.0929 -0.0341  0.0174 -0.1630  0.0128  0.0944 
 
============================================================ 
 
Distribution of Psi's: 
  0.00:************************************************** 
  0.05:****************************** 
  0.10:***************** 
  0.15:******** 
  0.20:********** 
  0.25:** 
  0.30:** 
  0.35: 
  0.40: 
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  0.45:** 
  0.50: 
  0.55:** 
  0.60: 
  0.65:** 
  0.70:** 
  0.75: 
  0.80: 
  0.85:****** 
  0.90: 
  0.95:****** 
  1.00: 
 
CPU time: 0.0 seconds 
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Table 4. Forth best model output.  (I skipped psi(area),p(area)) 
 
==---==(psi(area,gram),p(can,area))==---== 
 
 
PRESENCE - Presence/Absence-Site Occupancy data analysis 
Fri Mar 09 09:34:11 2007,       Version 2.051114 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
N,T-->66,7 
modtype-->1 Single-Season data Model selected 
NSi-->8 
site_covname[0]=Hydroperiod 
site_covname[1]=% Open Water 
site_covname[2]=% Canopy Cover 
site_covname[3]=% Shrubs 
site_covname[4]=% All Gram 
site_covname[5]=Area 
site_covname[6]=% Herbs 
site_covname[7]=Stand Age 
NSa-->0 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
    
 
modtype=1 N=66 T=7 Groups=1 bootstraps=0 
 
==>0 
 
Matrix 1: rows=2, cols=4 
psi  1.000000 Area % All Gram 
======================== 
 
Matrix 2: rows=8, cols=4 
p1  1.000000 % Canopy Cover Area 
p2  1.000000 % Canopy Cover Area 
p3  1.000000 % Canopy Cover Area 
p4  1.000000 % Canopy Cover Area 
p5  1.000000 % Canopy Cover Area 
p6  1.000000 % Canopy Cover Area 
p7  1.000000 % Canopy Cover Area 
======================== 
 
Custom Model: 
 
Number of sites                = 66 
Number of sampling occasions   = 7 
Number of missing observations = 204 
 
Number of parameters           = 6 
-2log(likelihood)              = 77.8856 
AIC                            = 89.8856 
 
Model has been fit using the logistic link. 
 
Naive estimate                 = 0.1667 
 
============================================================ 
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Individual Site estimates of PSi: 
 
   Site            Psi     Std.err     95% conf. interval 
       0:       0.9034       0.1113       0.6854 -   1.1215 
       1:       0.9560       0.0662       0.8263 -   1.0857 
       2:       0.8847       0.2058       0.4813 -   1.2881 
       3:       0.9490       0.0733       0.8054 -   1.0927 
       4:       0.9978       0.0058       0.9864 -   1.0093 
       5:       0.4591       0.1861       0.0942 -   0.8239 
       6:       0.1382       0.0950      -0.0480 -   0.3245 
       7:       0.1552       0.1012      -0.0430 -   0.3535 
       8:       0.1964       0.1162      -0.0313 -   0.4241 
       9:       0.1786       0.1088      -0.0346 -   0.3918 
      10:       0.2253       0.1229      -0.0156 -   0.4662 
      11:       0.1064       0.0830      -0.0564 -   0.2692 
      12:       0.1224       0.0893      -0.0527 -   0.2976 
      13:       0.1208       0.0887      -0.0531 -   0.2947 
      14:       0.1021       0.0812      -0.0569 -   0.2612 
      15:       0.0865       0.0738      -0.0582 -   0.2311 
      16:       0.0902       0.0756      -0.0580 -   0.2384 
      17:       0.3353       0.1540       0.0334 -   0.6372 
      18:       0.1035       0.0818      -0.0568 -   0.2638 
      19:       0.1162       0.0871      -0.0545 -   0.2869 
      20:       0.4287       0.2429      -0.0473 -   0.9048 
      21:       0.8381       0.1525       0.5392 -   1.1370 
      22:       0.8969       0.1315       0.6392 -   1.1546 
      23:       0.1192       0.0881      -0.0534 -   0.2918 
      24:       0.5918       0.2094       0.1814 -   1.0021 
      25:       0.1535       0.1000      -0.0426 -   0.3495 
      26:       0.1585       0.1033      -0.0440 -   0.3611 
      27:       0.0966       0.0787      -0.0575 -   0.2508 
      28:       0.1142       0.0994      -0.0806 -   0.3089 
      29:       0.1449       0.0993      -0.0496 -   0.3395 
      30:       0.1226       0.0895      -0.0528 -   0.2981 
      31:       0.1507       0.1010      -0.0473 -   0.3487 
      32:       0.1303       0.0929      -0.0518 -   0.3123 
      33:       0.0784       0.0697      -0.0582 -   0.2150 
      34:       0.0889       0.0750      -0.0581 -   0.2359 
      35:       0.0841       0.0726      -0.0583 -   0.2264 
      36:       0.0902       0.0756      -0.0580 -   0.2384 
      37:       0.1139       0.0863      -0.0552 -   0.2830 
      38:       0.1050       0.0824      -0.0566 -   0.2665 
      39:       0.1742       0.1074      -0.0363 -   0.3846 
      40:       0.2217       0.1243      -0.0219 -   0.4653 
      41:       0.1218       0.0895      -0.0536 -   0.2973 
      42:       0.2945       0.1468       0.0068 -   0.5822 
      43:       0.0865       0.0738      -0.0582 -   0.2311 
      44:       0.1570       0.1380      -0.1135 -   0.4276 
      45:       0.1258       0.0906      -0.0518 -   0.3034 
      46:       0.1744       0.1064      -0.0341 -   0.3829 
      47:       0.1671       0.1058      -0.0402 -   0.3744 
      48:       0.2151       0.1177      -0.0155 -   0.4457 
      49:       0.1698       0.1060      -0.0379 -   0.3775 
      50:       0.0908       0.0764      -0.0590 -   0.2405 
      51:       0.2283       0.1211      -0.0091 -   0.4657 
      52:       0.1236       0.0921      -0.0569 -   0.3042 
      53:       0.1168       0.1283      -0.1347 -   0.3683 
      54:       0.0928       0.0796      -0.0633 -   0.2489 
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      55:       0.2485       0.4485      -0.6305 -   1.1275 
      56:       0.0869       0.0741      -0.0582 -   0.2321 
      57:       0.0993       0.0799      -0.0573 -   0.2560 
      58:       0.1026       0.0812      -0.0566 -   0.2619 
      59:       0.1252       0.0909      -0.0529 -   0.3032 
      60:       0.0953       0.0780      -0.0577 -   0.2483 
      61:       0.1210       0.0889      -0.0532 -   0.2952 
      62:       0.0822       0.0717      -0.0584 -   0.2228 
      63:       0.1162       0.0871      -0.0545 -   0.2869 
      64:       0.0945       0.0776      -0.0576 -   0.2466 
      65:       0.0895       0.0758      -0.0591 -   0.2381 
 
Overall proportion of sites occupied = 0.2357 (0.0821) 
 
============================================================ 
 
Average detection probabilities: 
  1)   0.2221 
  2)   0.2221 
  3)   0.2221 
  4)   0.2221 
  5)   0.2221 
  6)   0.2221 
  7)   0.2221 
 
============================================================ 
 
Beta coefficients (se)  [logit]: 
Psi       -1.3120 ( 0.6979)  [ 0.2121 ( 0.1167)] 
Psi        1.5299 ( 0.6521)  [ 0.8220 ( 0.0954)] 
Psi        0.1902 ( 0.4689)  [ 0.5474 ( 0.1162)] 
P         -1.9824 ( 0.9153)  [ 0.1211 ( 0.0974)] 
P         -1.6923 ( 0.9011)  [ 0.1555 ( 0.1183)] 
P          0.6437 ( 0.3224)  [ 0.6556 ( 0.0728)] 
 
============================================================ 
 
Variance-Covariance Matrix 
   Beta0   Beta1   Beta2   Beta3   Beta4   Beta5 
  0.4871 -0.1764  0.0024 -0.3631 -0.1206  0.1080 
 -0.1764  0.4253 -0.0806  0.1738  0.0656 -0.0553 
  0.0024 -0.0806  0.2198 -0.0132  0.0168  0.0117 
 -0.3631  0.1738 -0.0132  0.8378  0.5382 -0.1745 
 -0.1206  0.0656  0.0168  0.5382  0.8120  0.0148 
  0.1080 -0.0553  0.0117 -0.1745  0.0148  0.1040 
 
============================================================ 
 
Distribution of Psi's: 
  0.00: 
  0.05:************************************ 
  0.10:************************************************** 
  0.15:************************* 
  0.20:*********** 
  0.25:** 
  0.30:** 
  0.35: 
  0.40:** 
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  0.45:** 
  0.50: 
  0.55:** 
  0.60: 
  0.65: 
  0.70: 
  0.75: 
  0.80:** 
  0.85:**** 
  0.90:**** 
  0.95:**** 
  1.00: 
 

CPU time: 0.0 seconds 
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APPENDIX 3. RESULTS FROM OCCUPANCY MODELING FOR LONG-TOED SALAMANDER 

Table 1. All models ranked by AIC. 
 
Model                     AIC       delta AIC     AIC wgtModel Likelihood        No.Par.     -2*LogLike 
psi(can),p(depth,can)     168.11       0.00         0.3135         0.0983              5         158.11 
psi(.),p(depth,canopy)    169.80       1.69         0.1347         0.0422              5         159.80 
psi(gram),p(depth,canopy) 170.18       2.07         0.1114         0.0349              5         160.18 
psi(.),p(depth,can)       170.53       2.42         0.0935         0.0293              4         162.53 
psi(open),p(depth,can)    171.81       3.70         0.0493         0.0155              5         161.81 
psi(area),p(depth,canopy) 171.86       3.75         0.0481         0.0151              5         161.86 
psi(age),p(depth,canopy)  171.89       3.78         0.0474         0.0149              5         161.89 
psi(herb),p(depth,canopy) 172.25       4.14         0.0396         0.0124              5         162.25 
psi(shrub),p(depth,canopy)172.33       4.22         0.0380         0.0119              5         162.33 
psi(.),p(depth,can,shrub) 172.48       4.37         0.0353         0.0111              5         162.48 
psi(.),p(depth,can,age)   172.49       4.38         0.0351         0.0110              5         162.49 
psi(hyd),p(depth,can)     172.53       4.42         0.0344         0.0108              5         162.53 
psi(.),p(depth,area)      175.06       6.95         0.0097         0.0030              4         167.06 
psi(.),p(depth,shrub)     176.90       8.79         0.0039         0.0012              4         168.90 
psi(.),p(depth,age)       177.51       9.40         0.0029         0.0009              4         169.51 
psi(.),p(depth)           177.53       9.42         0.0028         0.0009              3         171.53 
psi(.),p(can)             181.49      13.38         0.0004         0.0001              3         175.49 
psi(.),p(area)            184.70      16.59         0.0001         0.0000              3         178.70 
psi(.),p(shrub)           186.84      18.73         0.0000         0.0000              3         180.84 
psi(.),p(age)             187.00      18.89         0.0000         0.0000              3         181.00 
1 group, Constant P       187.25      19.14         0.0000         0.0000              2     183.251965 
psi(.),p(herb)            187.95      19.84         0.0000         0.0000              3         181.95 
psi(.),p(hyd)             188.40      20.29         0.0000         0.0000              3         182.40 
psi(.),p(open)            188.61      20.50         0.0000         0.0000              3         182.61 
psi(.),p(gram)            189.17      21.06         0.0000         0.0000              3         183.17 

 
==---==(psi(can),p(depth,can))==---== 
 
 
PRESENCE - Presence/Absence-Site Occupancy data analysis 
Thu Mar 15 13:43:59 2007,       Version 2.051114 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
N,T-->66,5 
modtype-->1 Single-Season data Model selected 
NSi-->8 
site_covname[0]=Hydroperiod 
site_covname[1]=% Open Water 
site_covname[2]=% Canopy Cover 
site_covname[3]=% Shrubs 
site_covname[4]=% All Gram 
site_covname[5]=Area 
site_covname[6]=% Herbs 
site_covname[7]=Stand Age 
NSa-->0 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
    
 
modtype=1 N=66 T=5 Groups=1 bootstraps=0 
 
==>0 
 
Matrix 1: rows=2, cols=3 
psi  1.000000 % Canopy Cover 
======================== 
 
Matrix 2: rows=6, cols=4 
p1  1.000000 47.200000 % Canopy Cover 
p2  1.000000 34.300000 % Canopy Cover 
p3  1.000000 29.000000 % Canopy Cover 
p4  1.000000 14.100000 % Canopy Cover 
p5  1.000000 8.200000 % Canopy Cover 
======================== 
 
Custom Model: 
 
Number of sites                = 66 
Number of sampling occasions   = 5 
Number of missing observations = 94 
 
Number of parameters           = 5 
-2log(likelihood)              = 158.1108 
AIC                            = 168.1108 
 
Model has been fit using the logistic link. 
 
Naive estimate                 = 0.3485 
 
============================================================ 
Individual Site estimates of PSi: 
 
   Site            Psi     Std.err     95% conf. interval 
       0:       0.9372       0.0954       0.7503 -   1.1241 
       1:       0.3468       0.1449       0.0627 -   0.6308 
       5:       0.4778       0.1276       0.2278 -   0.7279 
       6:       0.7036       0.1446       0.4201 -   0.9870 
       7:       0.3468       0.1449       0.0627 -   0.6308 
       8:       0.9748       0.0528       0.8713 -   1.0783 
       9:       0.7036       0.1446       0.4201 -   0.9870 
      11:       0.8561       0.1388       0.5842 -   1.1281 
      12:       0.7036       0.1446       0.4201 -   0.9870 
      13:       0.8561       0.1388       0.5842 -   1.1281 
      14:       1.0000       0.0000       1.0000 -   1.0000 
      15:       0.3468       0.1449       0.0627 -   0.6308 
      16:       0.9898       0.0270       0.9369 -   1.0427 
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      17:       0.3468       0.1449       0.0627 -   0.6308 
      18:       0.8561       0.1388       0.5842 -   1.1281 
      21:       0.4778       0.1276       0.2278 -   0.7279 
      22:       0.7036       0.1446       0.4201 -   0.9870 
      23:       0.9898       0.0270       0.9369 -   1.0427 
      24:       0.4778       0.1276       0.2278 -   0.7279 
      26:       0.9748       0.0528       0.8713 -   1.0783 
      27:       0.8561       0.1388       0.5842 -   1.1281 
      28:       0.9372       0.0954       0.7503 -   1.1241 
      29:       0.7036       0.1446       0.4201 -   0.9870 
      31:       0.8561       0.1388       0.5842 -   1.1281 
      32:       1.0000       0.0001       0.9998 -   1.0002 
      33:       0.9994       0.0027       0.9941 -   1.0047 
      34:       1.0000       0.0001       0.9998 -   1.0002 
      35:       0.9997       0.0012       0.9974 -   1.0021 
      36:       0.9984       0.0059       0.9868 -   1.0100 
      37:       1.0000       0.0001       0.9998 -   1.0002 
      38:       0.9984       0.0059       0.9868 -   1.0100 
      39:       0.9372       0.0954       0.7503 -   1.1241 
      40:       0.7036       0.1446       0.4201 -   0.9870 
      41:       0.9994       0.0027       0.9941 -   1.0047 
      42:       0.9959       0.0130       0.9704 -   1.0214 
      45:       0.7036       0.1446       0.4201 -   0.9870 
      47:       0.9372       0.0954       0.7503 -   1.1241 
      48:       0.4778       0.1276       0.2278 -   0.7279 
      50:       0.7036       0.1446       0.4201 -   0.9870 
      51:       0.3468       0.1449       0.0627 -   0.6308 
      54:       0.7036       0.1446       0.4201 -   0.9870 
      55:       0.4778       0.1276       0.2278 -   0.7279 
      56:       0.9898       0.0270       0.9369 -   1.0427 
      57:       0.9994       0.0027       0.9941 -   1.0047 
      58:       0.9748       0.0528       0.8713 -   1.0783 
      59:       0.9898       0.0270       0.9369 -   1.0427 
      60:       0.9984       0.0059       0.9868 -   1.0100 
      61:       0.9898       0.0270       0.9369 -   1.0427 
      62:       0.9372       0.0954       0.7503 -   1.1241 
      63:       0.8561       0.1388       0.5842 -   1.1281 
 
Overall proportion of sites occupied = 0.7630 (0.0711) 
 
============================================================ 
 
Average detection probabilities: 
  1)   0.0620 
  2)   0.1349 
  3)   0.1796 
  4)   0.3494 
  5)   0.4274 
 
============================================================ 
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Beta coefficients (se)  [logit]: 
Psi        2.7706 ( 1.6571)  [ 0.9411 ( 0.0919)] 
Psi        3.4039 ( 1.9704)  [ 0.9678 ( 0.0614)] 
P          0.0177 ( 0.5252)  [ 0.5044 ( 0.1313)] 
P         -0.0708 ( 0.0212)  [ 0.4823 ( 0.0053)] 
P         -1.5218 ( 0.4402)  [ 0.1792 ( 0.0647)] 
 
============================================================ 
 
Variance-Covariance Matrix 
   Beta0   Beta1   Beta2   Beta3   Beta4 
  2.7460  3.1095 -0.2322  0.0038  0.0771 
  3.1095  3.8824 -0.2119  0.0032  0.0202 
 -0.2322 -0.2119  0.2758 -0.0095 -0.0297 
  0.0038  0.0032 -0.0095  0.0004  0.0026 
  0.0771  0.0202 -0.0297  0.0026  0.1937 
 
============================================================ 
 
Distribution of Psi's: 
  0.00: 
  0.05: 
  0.10: 
  0.15: 
  0.20: 
  0.25: 
  0.30:********************** 
  0.35: 
  0.40: 
  0.45:*************** 
  0.50: 
  0.55: 
  0.60: 
  0.65: 
  0.70:*************************** 
  0.75: 
  0.80: 
  0.85:********************** 
  0.90:*********** 
  0.95:************************************************** 
  1.00: 
 
CPU time: 0.0 seconds 
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APPENDIX 4. WETLAND RETENTION FIELD CARD 

a) Front of field card 

 

[NOTE:  100m2 = 0.01 ha; 10m x 10m, 5m x 20m; 500m2 = 0.05 ha; 10m x 50m, 25m x  20m] 

Pond area is less than 100m2 Pond area is between 100 and 500 m2 Pond area is greater than 500m2 

Low probability of breeding 
Follow Best Management 

Practices 

Woody shrub cover (e.g., Spirea) 
is tall (>5’), dense (little to no 

open water visible), and covers 
entire pond (more than 90%) 

Less than 40% of 
pond has overhead 

canopy cover 
No 

Yes

Yes

No 

High probability of 
breeding 

Should always 
receive retention and 

connectivity 

Yes Yes 

Pond contains some cover (e.g., 20-
50%) of thin-stemmed vegetation 
(e.g., sedges, rushes, grasses), herbs, 
and/or sparse, short shrubs (e.g., 
Spirea < 4’); AND little if any woody 
debris (i.e., < 10% cover) 

Likely contains breeding, and high 
probability of attracting breeding 

post harvest with no retention 
Priority pond for retention where 

options exist 

Yes

No 

Yes

Is the water body a W3 or 4 
wetland, or an L3 or 4 lake?

Receives protection 
under FRPA 

No

Yes
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b) Back of field card 
 
 

SUMMARY OF BEST MANAGEMENT PRACTICES FOR 
SMALL WETLAND HABITATS AND AQUATIC-BREEDING AMPHIBIANS 

 
1. Protect as many ponds as possible with windfirm riparian buffers. 
2. If there are many small ponds within a block, and retention cannot be retained around 

all ponds, prioritize retention by using the field card. Additional factors to consider 
while using the field card include: 

a. hydroperiod – breeding most likely in ponds with standing water present until at 
least the end of June 

b. flow rates - amphibians are less likely to breed in flowing water 
c. fishless sites are high priority 
d. where retention is limited consider less extensive or partial buffers (e.g., 

southwest side only) 
e. protect clusters of ponds 

3. Create linkages between ponds, and between ponds and surrounding patches of 
continuous forest, if possible. 

4. Keep roads and machinery back - have all wet areas clearly marked on maps and ribbon 
all wet areas; one colour for retention and another for machine-free zones. 

5. Keep all limbs and tops out of ponds, and avoid yarding through ponds and riparian 
areas.  

6. Avoid infilling or (re)plant ponds (e.g., with cedar) 
7. Do not spray herbicides or other chemicals over or near ponds - especially during the 

spring breeding season or mid summer (fall is the best time) 
 
 

 

 

Limitations on Use: 
This card is based on data collected on wetland habitats and amphibian species located 
between 320-370 m on the southeast side of Vancouver Island. As such, it is most 
applicable to south coastal systems and species only. Habitat relationships and effects of 
forest harvesting outside of this area require additional research. 
2007 FIELD TEST RESULTS WILL HELP ESTABLISH WHETHER THERE ARE SUCH
LIMITATIONS 
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