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Habitat and Life History of a Northern Caddisfly,
Phanocelia canadensis (Trichoptera: Limnephilidae),
at the Southern Extreme of its Range
Elizabeth A. Colburn'' and Frances M. Garretson Clapp'^
Abstract - The second documented larval habitat for the northern eaddisfly.
Phanocelia canadensis (Trichoptera: Limnephilidae), is far south of the center of the
species' range in Canada. We collected larvae of this rarely found species from two
small, kettle hole wetlands on Cape Cod, MA. The life cycle and behavior are similar
to the New Brunswick population studied by Fairchild and Wiggins (1989). Habitat
characteristics distinguishing wetlands where P. canadensis occurs include dominance by Sphagnum sp., shrub cover, and low pH. Narrow habitat requirements,
summer dormancy, and late adult emergence may limit ihis species' appearance in
collections. Conservation planning and searches for additional populations may be
aided by improved understanding of this species' preferred habitat.
Introduction
Up to 80% of species in communities ranging from oceanic waters,
temperate forests, and native prairies are naturally rare within their ecosystems (Corbet 1941, Hammond 1995. Kempton 1979. Odum 1971). Rare
species, while representing only a small proportion of biomass or total
richness, play pivotal roles in maintaining ecosystem structure, function, and
stability (Hammond 1995, Paulson 1992, Ricklefs 1983. Tbomas and Mallorie
1985). One of the challenges in biodiversity conservation involves determining wbich species are rare, identifying variables that contribute to their
persistence, and evaluating potential threats to population stability. This
challenge is compounded because the distributions and habitat requirements
of most species, especially invertebrates, are not known (Murphy 1991).
In this paper, we discuss a Massachusetts population of a caddisfly,
Phanocelia canadensis (Banks) (Trichoptera; Limnephilidae), whose distribution has generally been considered to be centered in northern Canada. We
first found P. canadensis larvae in the Cape Cod National Seashore in 1997,
and we collected them consistently in two of seventeen small, acidic
kettlebole wetlands sampled over a seven-year period. We have proposed
that Massachusetts list P. canadensis as a rare species (Garretson and
Colburn 2001), but many questions remain about the caddisfly's status
within the state, its broader distribution and habitat requirements, and its
rarity. To obtain a better understanding of the species' behavior and habitat
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requirements, we studied the life cycle of P. canadensis and compared the
characteristics of pools with and without larvae on Cape Cod.
Prior work on distribution, life history, and larval habitat
Distribution. Phanocelia is a monotypic genus with P. canadensis as the
type. Larvae were unknown until 1989 (Fairchild and Wiggins 1989). The
species has a broad geographic distribution in northern and northeastern
North America, but it is rarely collected.
With the exception of one population in New Brunswick, all modern
distribution records are for adults. Most records are from Canada, and three
New England locations have been documented prior to our study (Table I),
Larvae bave been found in New Brunswick (Fairchild and Wiggins 1989)
and Massachusetts (this study). Fossil larval remains have been found in the
northern Yukon, dated at 9600 y.b.p. (Matthews and Telka 1997). and in a
sediment core from southern Ontario at depths dated from 7350-850 y.b.p.
(Wiggins 1991). There are no modern records of P. canadensis from the
Yukon or Ontario (Wiggins and Parker 1991: G.B. Wiggins. Royal Ontario
Museum, Toronto, ON. Canada, pers. comm.).
Habitat. In York County, NB, larvae occur in the floating Sphagntun
fringe of acidic ponds located in a sprucc-Sphagntttri bog (Fairchild and
Wiggins 1989). The cases of fossil P. canadensis larvae from southern
Ontario were also from a bog habitat and associated with Sphagtium (Wiggins
1991). Schmid (1968) described the preferred habitat as marshes and small
lakes, and Nimmo (1971) collected adults in Alberta at an elevation of 4470
feet from a man-made swamp heavily vegetated with Equisetum and sedges.
Ufe history. As with most limnephilids, adult P. canadensis fly late in
the season, between September and November, with the later flight dates in
more southerly populations (Table I). In the New Brunswick population
studied by Fairchild and Wiggins (1989). mating and oviposition occurred
soon after adults emerged. Larvae developed gradually through winter and
Table 1. Collection dates and dislribiitioti records for Phanocelia canadensis from Ihe iiteralure
and museum collections. A = adtiUs. L = larvae
Location and stage

Date

Reference

Manitoba (A)
Nordegg. Albena (A)
Northwest Territories (A)
Saskatchewan (A)

Late summer and fall
Sept- 2. Oct. 9
Late summer and fall
Not reported

Banks 1924. Schmid 1968
Nimmo 1971.2001
Schmid 19{)8
Parker and Uhmkuhl 1999

Quebec (A)
Nova Scotia (A)

Not reported
November 1

York County. NB (L.A)
Dennysville and Surrey, ME (A)

Sept. 29-Oct. 26
November 5

Durham. NH (A)
Shcrbom. MA (A)

October 19
November 2

Roy and Harper 1979
Nova Scotia Museum, cited in
Fairchild and Wiggins 1989
Fairchild and Wiggins 1989
Oliver Flint, Smithsonian Institution, pers. comm.
Morse and Blickle 1953
Collection of the Peabody Essex
Museum. Salem, MA; verified
during this study
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Spring, reaching the final instar by early summer. Larvae constructed their
cases of Sphagnum and remained closely associated with the moss during
developtnent. They then entered a period of summer dormancy in which they
remained inactive in their unsealed cases, which were firmly attached by silk
to the Sphagnum. The larvae sealed the cases at each end and pupated in
early fall, emerging as adults soon after.
Fairchild and Wiggins (1989) examined gut contents of 10 larvae and
speculated that some Sphagnum might be consumed, together with detritus
and a variety of aquatic invertebrates.
Field Sites
We studied 17 seasonally flooded wetlands in the Cape Cod National
Seashore. MA, from spring 1995 through spring 2002 (Fig. I). Fourteen
pools were located in Eastham, two in Truro, and one in Wellfleet. All pools
lie in kettle depressions in glacial outwash. The poofs meet regulatory
criteria for classification as vernal pools under Massachusetts Wetlands
Protection Act Regulations (Massachusetts General Laws Chapter 131 Section 40. Code of Massachusetts Regulations Title 310 Section 10). General
habitat characteristics are summarized in Tables 2 and 3.
Physical habitat
The pools are small and shallow (Table 2). Water depths and surface
areas of the pools fluctuate annually in parallel with the groundwater table,
with maximum flooding in late spring/early summer and minimutn water
levels in fall. Water depths also respond rapidly to direct inputs of precipitation, indicating both a close connection to the water table and a degree of
perched conditions associated with poorly permeable organic substrate
(Sobczak et al. 2003). The average hydroperiod varies among pools, and
pool hydroperiods also vary between years, depending on overall amounts
of precipitation.

Cap* Cod
National

Seiahor*
Figure 1. Locatioti of study sites on Cape Cod.
MA. * indicates locatiotis of Truro and Wellfleet
pools; the box indicates location of the cluster of
14 pools in Eastham.
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Both Truro pools and some of the Eastham pools dry up in most years,
although deep underlying peat suggests the substrate generally remains
saturated; the others remain semi-permanently flooded and dry up only
periodically (E.A. Colburn and F.M. Garretson Clapp, pers. observ.; National Park Service. Cape Cod National Seashore, MA, unpubl. data;
Portnoy 1990; Sobczak et al. 2003).
Vegetation
Unlike most woodland vernal pools, all of the Eastham wetlands have a
portion of the basin open to the sky, and all are vegetated. They are ringed by
shrubs, with dominant species including Clefhra alnifoUa Linnaeus and
Vacciniutn corymhosum Linnaeus. Pitch pine {Pinus rigida Miller) is found
along the shoreline of many of the pools. Plant species found commonly
within pools, although at differing frequencies and densities, include Sphagnutn, Decodon verticillatus (Linnaeus) Elliott, Calamagrostis canadensis
(Michaux) Palisot de Beauvois. Glyceria canadensis (Michaux) Trinius,
Ditlichium arundinaceum (Linnaeus) Britton. Scirpus cyperinus (Linnaeus)
Table 2. Habitai characieristics of vernal poois within ihe Cape Coil National Seashore. MA.
Location
Pool site

North latitude

West longitude

Historic land use'

Easiham 4I''5O.9'-41 "51.3' 69''57.9'-69°57.5' Cleared and farmed
4r57.9'-41 ='58.O' 7O''O2.r-7O''O2.2' Forested in 1830
Truro
Wellfleet
41-57.:
70''04.4'
Cleared and farmed

Pool substrate
Peat. 2-3 m deep
Unknown
Peat, unknown depth

Max
Max
Pool site area (m') depth (cm) Upland and riparian vegetation
Eastham
El
E2
E3
E4
E5
E6
E7
E8
E8E
E9
ElO

100
60
80
75
86
95
80
80
40
120
85
80
100

E14

530
2250
909
1260
1740
1030
952
5004
380
2630
1872
710
198
380

Truro
T14
T15

315
50

50
75

Welifleet
WI

700

30

Ell
EllE

Upland forest of Pinus rifiidu Miller (pitch pine); scrub oaks.
Quercus iUcifolia Wangenheim. Q. alba Linnaeus, and Q.
velufiria Lamarck; undersiory of graminoids and ericaceous
plants. Dominant poolside shrubs incltjde Clethra ainifolia
and Vaccinium corymhosum.

95

'Eberhardt etal. 2001, 2003.

Surrounded by mature scrub oak torest. Acer
ruhrum Linnaeus (red maple) and Smiiax rotundifoVia
Linnaeus (cat brier) adjacent lo pools.
Upland pitch pine forest with understory of Arctostaphylos
uva-ursi (Linnaeus) Sprengel. Riparian red maple and
Clethra.
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Kunth Juncus militaris Bigelow, J. effusus Linnaeus, J. canadensis J. Gay,
Sparganium americanum Nuttall, Utricularia geminiscapha Benjamin,
Potamogeton natans Linnaeus, and Nymphaea odorata Aiton. Less common
are Carex spp. and Vaccinium macrocarpan Aiton.
Pools T14 and WI are also heavily vegetated, but unlike the Eastham
pools their basins support extensive woody vegetation. In T14, numerous
Acer rubrum L. (red maples), many of which have fallen in storms during
the years of our study, form islands within the basin. Sphagnum and filamentous algae occur as floating mats throughout the pool, and extensive
stands of Thelypteris palustris Schott (marsh fern) grow on the bottom
during summer drawdown, in WI, a single large red maple forms a berm
that divides the pool into two sections, and the basin is heavily vegetated
with a dense thicket of Clethra. Pool TI5 is largely unvegetated, although
there is some Smilax along the edges, one large Clethra within the basin,
and some red maples along the shoreline. The bottom remains unvegetated
during drawdown.
Water chemistry
Water samples were collected from all pools in spring, 1986 and 1998, by
National Park Service staff. Analysis was carried out by the Cape Cod
National Seashore's North Atlantic Coasta! Research Laboratory following
standard methods for pH, alkalinity, color, dissolved oxygen, calcium, magnesium, sodium, potassium, nitrate-N. ammonium-N, and phosphate-P
(American Public Health Association el al. 1985; Clesceri et al. 1998).
All pools are oligotrophic, with low conductivity, pH, alkalinity, and
dissolved nutrients (Table 3). In some of the pools, especially T14, T15. WI.
El. E7, EIlEast. and E14. the water is markedly colored with tannins and
other organic acids (color greater than 100 platinum-cobalt units, and transmittance at 440 nm greater than 0.05) (National Park Service, Cape Cod
National Seashore, MA, unpubl. data; Portnoy 2004).
Methods
From spring 1995 through early summer 2002, we carried out intensive
sampling of aquatic invertebrates and habitat characteristics in the vernal
pool wetlands. To obtain a better understanding of the habitat requirements
of P. canadensis, we conducted a more detailed analysis of the characteristics of pools in which we found this species in comparison with sites where
the caddisfly was not present.
Field sampiing
We stratified each site into three or four habitat types based on vegetation and water depth, and used random compass bearings and distances to
select sampling locations within each stratum. We collected two replicate
samples in each habitat stratum, obtaining six to eight samples from each
pool except when water levels were low. Our sampling method used a
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Standard 1 -m sweep with a D-frame aquatic net with frame width of 33 cm;
the area of bottom sampled was thus approximately 1/3 m^. Water volume
swept varied with water depth.
After each sweep, we rinsed the net to remove fine paniculate materials,
placed the contents in water in a white pan, and picked the live samples in
the field, preserving them in 70% ethanol for later identification. We examined algae, mosses, and organic debris carefully for larvae, in sites where
saturated Sphagnum was dense and water levels were too low to sample
using the standard sweep, we removed the living surface mat of Sphagnum
from a 1/3-m' area (dip-net width x 1 m) and vigorously shook it within a
sampling net held in a bucket of water to dislodge organisms from the moss.
The contents of the net were then processed in the usual way.
At each sampling location, we recorded the dominant vegetation, substrate type, presence of Sphagnum and filamentous algae, and water depth.
We collected supplemental information on plant-community composition
and distribution within the pools along line transects. Supporting data on
monthly water-level fluctuations in the Eastham pools and underlying
Table 3. Water chemistry of vernal pools in the Cape Cod Nalioiial Seashore, April 2 1998.
Three replicate samples taken in pools E2, E8. and E9; single samples in ail other pools. Data
counesy of John Portnoy, National Park Service.

Pool
(Rep.)

Temp
(X)

pH

Alkalinity
Specific
Color
DO
(ppm as conductance (trans. @ (ppm ®
CaCOj) (;<mho/cm^) 440 nm) 12 "O

Pools without Phanocelia canadensis
El
6.9
4.93
LO
4.89
E3
6.2
0.5
E4
5.3
5.20
2.0
E5
6.8
5.11
2.0
E6
7.3
4,80
1.5
6.9
4,83
E7
0.0
E8E
6.0
5.11
2.5
4.97
E9(l)
7.3
1.0
7.8
4.97
0.0
H9(2}
E9(3)
7.9
4.95
1.0
4.1
4.77
0.0
ElO
EllE
4.5
4.70
0.0
EllW
4.73
0.5
5.5
4.94
H14
8.8
1.0
T14
7.5
4.32
-2.5
4.64
T15
8.6
-0.5
WI
8.7
4.95
1.5
Pools with
E2(l)
E2(2)
E2(3)
E8(l)
E8(2)
E8(3)

Phanocelia canadensis
7.1
4.33
-3.0
6.0
4.43
-2.0
4.56
5.5
-0.5
7.7
4.58
-0.5
9.2
4.55
-2.0
9.0
4.50
-1.5

1 114 1

(//M/1; detection
limit 0.1 /iM/l)

58.75
72.50
73.75
75.00
77.50
66.25
62.50
46.25
75.00
71.25
72.50

0.055
0.045
0.020
0.025
0.040
0.045
0.030
0.025
0.030
0.035
0.045
0.065
0.040
0.050
0.120
0.130
0.080

6.5
6.7
6.7
-

0.0
0.3
0.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0

47.50
46.88
43.75
62.50
62.50
70.00

0.040
0.030
0.040
0.035
0.030
0.040

11.1
9.4
9.5
8.5
9.0
8.3

0.8
17.0
29.0
0.1
6.0
4.0

53.75
55.00
47.50
46.88
57.50

55.00

0.0
0.0
0.0
0.0
0.0

LO
0.0
0.0
0.0
LO

0.5
0.2
0.0
0.4
0.4

0.0

LO
1.0

0,0

0.2
0.3
1.0
2.0
1.0
3.0
1.0
1,0
2.0

0.3
0.1
0,1
0.3
0.4
LO
0.4
1.0
1.0
2.0
0.4

0.4
0.6
0.9
0.3
0.5
0.5

0.2
0.3
0.9
0.6
0.4
0.4

0.2
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groundwater lens, as well as water chemistry for all pools, were provided by
the National Park Service (National Park Service, Cape Cod National Seashore, unpubl. data: Portnoy 2004; Sobczak et al. 2003).
Analy.sis
We hypothesized that pools supporting populations of P. canadensis
differed from other pools in the overall abundance of Sphagnum and in
chemical characteristics (such as pH and nutrients commonly associated with
5/)/(ag/7wm-dominated habitats). We compared pools with and without P.
canadensis for: (1) the proportion of samples with Sphagnum and persistent
woody emergent or shrubby vegetation (i.e.. percent cover); (2) pH. alkalinity. NO3-N, NH4-N. PO4-P, color, and specific conductance; and (3) maximum
surface area, maximum depth, and average hydroperiod. Sphagnum- and
shrub-frequency analyses were carried out on arc-sine modified data, and size
and chemical data were log-transformed for analysis. We used data from
chemical analyses of samples collected April 2, 1998, as this was the only date
when nutrient analyses were conducted for all pools (Table 3). Where chemical concentrations were below the detection limit for the analytical method,
we used the minimum detectable concentration. We conducted a principal
components analysis of all habitat data, using correlation to calculate the
cross-products matrix and considering axes whose calculated eigenvalues
were greater than the broken-stick eigenvalue (McCune and Mefford 1999).
Statistical significance of habitat values was assessed through analysis of
variance for each variable (Sokol andRohlf 1973).
Results
Occurrence and distribution of Phanocelia canadensis
We found larva! P. canadensis in 18 of 489 random samples collected
during our surveys, representing a total of 41 individual larvae. Approximately 30 additional larvae were collected during targeted sampling in
Sphagnum at the same sites in spring of 2000, 2001. and 2002; these samples
are not included in our analysis.
Only two of the seventeen study pools, Eastham pools E2 and E8,
contained P. canadensis. We found no larvae in 1995 or 1996. In both years,
water levels were low. and the maximum tlooded surface area of the pools
within the Eastham wetland complex averaged only 25% and 50%, in the
respective years, of their maximum surface area in a high-water year. Further, we did no sampling in E2, the pool where P. canadensis was most
consistently found, before 1997.
Habitat variables dJstinguisbing sites with Phanocelia canadensis larvae
Principal components analysis (PCA) of the data identified Sphagnum.,
nutrients, pH, and surface area as important variables differing among
pools. The first two ordination axes account for 61.8% of the variance
among pools and clearly separate out the two pools with P. canadensis
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from other pools (Table 4, Fig, 2). Axis 1 accounts for 33.5% of the
variance. Along Axis 1, surface area has the highest positive weighting,
and NO;,-N. PO4-P. and color have high negative weightings. On Axis 2,
Table 4. Results of principal components analysis of habitat data from vernal pools in the Cape
Cod National Seashore.
A. Variance extracted from the first two axes of the ordination.
Axis

Eigenvalue

% of variance

3.349
2.829

33.489
28.294

Cumulative
% of variance

Broken-stick
Eigenvalue

33.489
61.784

2.929
1.929

B. Weightings of habitat variables on the first 6 eigenvectors.
Eigenvector
Habitat variable
Shrubs
Sphagnum
Color
pH
Alkalinity
Specific cond.
NH,
PO,
NO3

Area (m-)

1

2

3

4

5

6

0.0832
0.1900
-0.4795
0.2014
0.0606
-0.3020
0.2063
-0.3.395
-0,4604
0.4710

-0.3769
0.5214
-0.1602
0.4511
-0.2571
-0-0438
0.4970
-0.0748
-0-1731
-0.0795

0.5647
-0.1965
-0.2180
0.0750
-0.4291
-0.2492
0.0880
0.5777
-0.0290
-0.0297

-0.0824
0.0050
0.0250
-0.3331
-0.6040
0.5790
0.0348
-0.0616
-0.2189
0.3567

-0.2563
-0.0128
-0.0520
-0.4287
-0.4336
-0.6013
0.0596
-0.2965
0.3170
-0.0789

0.4412
0.1849
0.0416
-0.3281
0.0300
-0.0706
-0.6628
-0.2451
-0.3260
-0.2241

Figure
2.
Principal
components
analysis of
habitat characteristics of
pools with
and without

Phanocelia
canadensis.
See text for
further explanation of
axes.
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which accounts for 28.3% of the variance, the frequencies of Sphagnum
and shrubs and the concentration of NH^-N have strong negative
weightings, and pH has a strong positive weighting. The P. canadensiscontaining pools, E2 and E8, clearly stand out from other pools along
these two axes, with high Sphagnum and shrub frequencies, low pH, large
surface area, and high NH^-N relative to other pools.
Sphagnum and shrubs. The dominance of Sphagnum most consistently
distinguished the pools with P. canadensis from the remaining wetlands
studied (mean frequency of Sphagnum 89.4% vs. 14.1%) (F = 29.4118;
N = 2, 15; P < 0.0001). The presence of shrubs alone was not significantly
different in pools with and without P. canadensis., but pools inhabited by the
caddisfly had a significantly higher combined frequency of occurrence of
shrubs and Sphagmmi than non-/*. canadensis pools (F= 22.7469; N = 2. 15;
P<O.OOl).
Water chemistry. The principal components analysis suggested pH and
nutrients, in addition to Sphagnum., as variables distinguishing pools with P.
canadensis from other pools. In pools with the caddisfly, pH was significantly lower than in other pools (mean pH 4.485 vs. 4.859) (F = 5.5021;
N = 2, 15; P<0.05).
Concentrations of NHj-N were also significantly higher in pools containing the caddisfly: (mean 10.38 uM/I, range 0.1-29 uM/1 in pools with P.
canadensis, three replicate samples per pool; mean 0.81 uM/l. range < 0 . 1 2.0 uM/1 in pools without P. canadensis, three replicates in one pool and
single samples in all others) (F = 24.6296; N = 6, 17; P < 0.0001). There
were no significant differences in alkalinity, color, specific conductance, or
concentrations of NO,-N. or PO^-P among pools.
Hydrology, size, and depth. There were no significant differences in
maximum depth or average hydroperiod among the pools with and without
P. canadensis. The pools containing the caddisHy were larger than the other
pools (mean: 2052 m" vs. 993 m=) (F = 5.2352; N = 2, 15; P < 0.05).
Life history
The life cycle and behavior appeared to be as in P. canadensis from
New Brunswick (Fairchild and Wiggins 1989). Larvae were found in
dense mats of Sphagnum in cases constructed of the moss. Early instar
larvae were found in early spring and most of the population had reached a
late instar by May (Fig. 3). Larvae attach their cases to Sphagnum and
remain inactive through summer. The first larva we collected was found in
its case, which was tightly anchored to Sphagnum, in August, 1997. Larvae we collected for rearing in 2000 were inactive, but alive, through the
summer, and one adult emerged successfully in late October. Specimens
collected for rearing in 2001 emerged in November. We have not collected adults or pupae in the field.
|
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Di.scussion
Importance of Sphagnum and shrubs
Reports in the literature of adult collection localities do not provide a
clear picture of the habitat preferences of P. canadensis. Our data complement earlier results on larval habitat (Fairchild and Wiggins 1989) and
strongly suggest that this species is a Sphagnum specialist, and that a dense
Sphagnum mat is the preferred habitat.
Although most other pools contained some Sphagnum, the wetlands
containing P. canadensis were unique in having a frequency of close to
100% of Sphagnum in our samples. The only sampling locations without
Sphagnum in the Phanocelia-contaming pools were in the moat below the
shrub fringe surrounding the pools; the caddistlies were never found at
these locations.
Sphagnum alone does not explain Ihe observed distribution of P.
canadensis in the pools. We did not find the caddisfly larva in the extensive
floating Sphagnum mats in TI4. nor in a concerted sampling effort through
the main basin of E8. where a thick floating Sphagnum mat is interspersed
with Jumus spp. In addition to Sphagnum, the presence of shrubs appears to
be closely linked with the presence of larvae. In E8, we found P. canadensis
consistently in samples taken at the east end. where Decodon,
Chamaedaphne, and Clethra co-occur with Sphagnum. The one sample with
caddisflies not in direct association with shrubs in E8 was an area of dense
Sphagnum and Jttncus canadensi.s adjacent to Decodon. In contrast, at pool

E2, where Sphagnum and shrubs —largely Decodon, Clethra. and
14

•March
• April
• May
DJune

£1

•August

z

0-0.5

>0.5-1.0 >1.0-1.5 >1.5-2.0 >2.0-2.5
Head-capsule width (mm)

Figure 3. Size distribution of larva! Phanocelia canadensis collected in the Cape Cod
National Seashore, MA.
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Vaccm/Mm—occur throughout the basin, we found larvae everywhere we
sampled except in the encircling moat, in wbich Sphagnum was absent.
Water chemistry
As would be expected. pH was low in the Sphagnum-v]ch wetlands that
support P. canadensis. Sphagnum pumps hydrogen ions into water in exchange for nutrients and is thus negatively correlated with pH (Moore and
Bellamy 1974). Local pH within the Sphagnum mat where the larvae occur
may be lower than in the water, suggesting that this caddisfly may have
specialized physiological mechanisms for tolerating highly acidic conditions.
Concentrations of NH4-N were elevated in E2 and E8. but there was high
variance in NH4-N values among replicates and between sampling dates
(Table 3, Portnoy 2004). Measured levels of dissolved oxygen in surface
water were high and approached saturation (Table 3). but these results may
not reflect conditions within the mat, where water flow is restricted and
respiration by the moss and decomposers is high. Nitrogen dynamics in
peatlands are complex, with cycling among nitrate, nitrite, nitrogen gas,
ammonia, and ammonium governed by pH. dissolved oxygen, bacteria, and
vegetation (Mitsch and Gosselink 1986). Due to this complexity, we are
unable to conclude definitively whether high NH,i-N concentrations are an
important habitat variable influencing the distribution of P. canadensis.
Is Phanoeelia canadensis rare?
The discovery of a population of P. canadensis., a species best known
from boreal Canada, in two wetlands on the outer arm of Cape Cod. raises
questions about the origin of the population, the overall distribution of
the species, and the possible presence of other populations in Sphagnumdominated wetlands elsewhere in New England and southern Canada.
Because this species is so rarely collected, and because its known geographic range is so large, its conservation status is unclear. Is it a rare
species with a few scattered populations that are glacial or post-glacial
relicts of cool, wet conditions? Or, is il widely distributed and relatively
common, but poorly represented in collections because of its habitat preferences and life history?
Considering our re.sults on the habitat preferences of P. canadensis on
Cape Cod, it seems strange that this species is absent from compiled lists of
wetland' and bog-dependent species (e.g., Flannagan and Macdonald 1987).
From our experiences collecting larvae, we suspect that this caddisfly may
be more common than collection records suggest. Sphagnum'dom\x\Q.ied
wetlands are less frequently targeted by aquatic biologists than streams and
open-water ponds. The larval cases are made of Sphagnum, and when dislodged from the floating mat, especially in the early instars. they look like
stem-tip fragments of moss rather than caddisfly cases and can easily go
unrecognized. By late spring, larvae are inactive in their cases and tightly
glued to the Sphagnum. In this state they are apt to be missed by collectors,
especially if water levels have receded and the moss is present as a damp
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mat. Further, until just over a decade ago, the larvae were not known, and
keys to limnephilid caddisflies did not include this genus. Adults, unlike
many caddisflies, are diurnal and fly late in the season, and thus will be not
be collected by light trapping and field sampling carried out in summer and
early fail (Fairchild and Wiggins 1989).
Given the wide geographic distribution of P. canadensis and its rarity in
collections, we suggest targeted sampling for this species in moderate-tolarge wetlands with abundant Sphagnum and shrubs. In our own stratified
random sampling, we collected Phanocelia larvae in only 10.3% of samples
in the two wetlands where the species occurs. However, targeted sampling in
areas of floating Sphagnum and shrubs within these sites in 2001 and 2002
consistently yielded larvae. Thus, if larvae are present in a wetland, we
predict that they are likely to be found in intensive sampling. We are
currently engaged in surveys of Sphagnum wetlands in Massachusetts in the
hope Ihat we will find additional populations of this poorly known caddisfly.
We hope through this sampling to answer more conclusively whether P.
canadensis is rare in Massachusetts.
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