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ABSTRACT

An evaluation of the Baermann technic, using first-stage larvae of
Parelaphostrongylus odocoilel from mule deer and Protostrongylus spp. froms
bighorn sheep, was made to getermine the effects of condltlon and amount of
feces, time, funnel size, and water volume on the number of larvae
recovered. Highest counts of P. odocollel larvae occurred when 10 grams of
fresh feces were put in 100 miT1iTIters of water in a 10 or 15 centimeter
glass funnel and allowed to stand 24 hours. Highest counts of

Protostrongylus spp. larvae occurred when 10 grams of slightly-crushed, dry
pellets were put in 280 or 490 milliliters water in a 15 centimeter glass

funnel and allowed to stand 24 hours. A convenient, standardired technic

for recovery of Fmtustrugixlg spp. from bighorn sheep feces ls presented
based on resulis o s Stwdy,; lliterature, and subjective assessments.

INTRODUCTION

Rocky Mountain bighorn sheep (Ovis cansdensis) have had a history of
periodic dis-offs. High populations of lungworms (Pr t lus stilesi
and P. rushi), frequently complicated oy bacterlal and/or vir fections
and known collectively as "the lungworm-pneumonia complex™ (Buechner 1960,
Stelfox 1571, Unazy et al. 1973), have been associated with most of those
die-offs. Infection of bighorns with Protostrongylus spp. 1s not a rare or
isolated event; most sheep throughout thelr range are infected (see
Forrester 1971 ana many other papers).

The main method of diagnosing Protost lus infection in live oighorn
sheep has been by recovery of first-stage larvae from feces utillzing the
Baermann technic. The technic involves placing sheep in a water-filled
funnel and, later, recovering larvae that have left the pellets and dropped
to the stem of the funnel. The gualitative value of the technique (i.e.,
the ability to oetermine whether or not a sheep has Protostrongylus) has
never been gquestioned. what has been guestioned is whether or not the
technic provides useful guantitative Information glven tha
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pellet-to-pellet, seasonal, and within and between pellet group variatlons
in larval numbers.

Perhaps one reason little guantitative information has appeared in the
literature ls the lack of similar technic between laboratories in set-up of
the Baermann apparatus and in the actusl process. Many modifications of
the basic technic are apparently employed, but these and other essential
details are seldom provided in publications.

The objective of this paper is to recommend a standardized, convenlent
technic that provides repeatable results for recovery of Protostrongylus
larvae from bighorn sheep feces. Oata for a related 'p:ufusmlgﬁ"
nematode, Parelaphostrongylus odocollel of mule deer, are provided for

comparison,
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wildlife Division and the Matural Sclences and Englneering Research Council
of Canada. We thank E. 5. Willlams, Colorado State University, for
collection of the fecal samples from Wyoming.

MATERIALS AND METHODS
COLLECTION-HANOLING OF FECES

Pelleted fresh feces from two, captive mule deer experimentall
infected with P. odocollel were collected from cement-floor, individual
pens., Only feces less than one day old were used. They un:re mixed
thoroughly within two hours of collection, separated into 10, 20 or 30 gram
subsamples, bagged in plastlc, and stored at 4C for up to two days or at
-20C for wp to eight days. Prior to tunning Baermann's, frozen feces were
left one hour at 18C, then stored up to one day at 4C.

Frozen fecal pellet groups of bighorn sheep were collected from snow
and frozen ground in Banff and Kootenay National Parks In late February,
1982. Additional samples were collected at the same time from Whiskey
Mountain, approximately 10 kilometers south of Oubols in western wyoming.
I-'Inst pellets in the Park samples appeared freshly-deposited (i.e., a few

¥s old), but In some cases this was difficult to determine. The samples

Hrmj.nrq appeared older. Feces from Banff and Kootenay ware mixed
tl"rnr-:n.mhn separated into 10 gram portions, and stored at 4C for up to one
week., Those from Wyoming wére alr-dried in paper bags for approximately
one month. They were mixed thoroughly and separated into 10 gram portions
prior to beginning the experiment.

THE BAERMANN TECHNIC

Pellet group subsamples (usually 10 gﬂ y but see below) were placed
on a double layer of cheesecloth (Grade ) and put in water-filled glass
funnels. Five water volumes (32, 100, 280, 490 and 780 milliliters)l

were tested in three fumnel slizes (10, 15, + 20 centimeters maximum
diameter) at six time intervals (2, 4, &, 12, 24, and 48 hours).

Generally, three replicates of each condition were run.
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A short plece of rubber tublng was attached to the stem of the funnel
and clamped. Tap water used in the funnels was 24-28C.

A maximum of 100 milliliters of fluld was withdramn from the funnel and
put Into two 50 milliliter centrifuge tubes. Tubes were centrifuged at
1100 r.p.m. for 10 minutes and all but flve millillters of supernatant
suctioned from each tube. The two 5 mlllilter portions of fluld were
pooled in & plastic petrl dish 50 millimeters In dismetsr. This dish was
placed in a glass petri dish 200 millimeters in diameter which had a griad
getched on the bottom to facilitate counting. The fluld was examined using
& dissecting scope at 12X (see below) and larvae sepatated into one of four
morphologle types (see below).

If larvee were very numercus and overlapping iIn the petrl dish so that
it was obvious that counting would be difficult, the 10 milliliter
syspension was added to 90 milliliters of water, mixed thoroughly, and & 10
milliliter subsample removed, and larvas counted. Generally, counts were
converted to larvaes per gram (LPG) wet weight feces, however, the fecal
samples from wniskey Mountaln were alr-dried and, therefore, converted to
LPG dry weight feces.

The freguency distribution :f the numbers of larvae per gram of wet or
dry feces In blghorn sheep samples 1s not random (Uhazy et al. 1973, and
unpub. ). For all bighorn samples we've studied, except for the Whiskey
Mountain samples of this study, a natural logarithmic transformation of the
counts results In a normal distribution. Thus, for statistical analysis,
this transformation was made. MNormal distributions of Whiskey Mountain
larvel pcounts were not achieved by natural logarithmiec or sqguare root
transformations., Thus, nonparametric statistics were used in data analysls
of this sample.

1 pdded details of choices:

funnel water diameter of funnel
size wvolume at water line
(cent Imeters) (milliliters) (centimeters)
10 32 5
10 100 7
15 100 7
15 280 10
15 450 13
) 450 13
20 780 15
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LARVAL TYPES

First-stage larvae of the two Protostrongylus lungworms of bighorn
sheep are Indistingulshable. The Iungworms are P. Stllesi Dikmans, 1931
and P, rushi Dikmans, 1937. The mule deer nematode ls Paralggﬂnstmzlus
odocollel (Hobmaier and Hobmaler, 1934) a parasite of t IS
musculature. Flrst-stage larvae of both genera are similar in size and
rnnrph:llcrgy, but Protost lus has a stralght, s rically-tapered,
pointed tail m‘-:!'l’ﬁ:'fﬁas; Faile 5 curved tail with @ dorsal spime in the
anterior part of the curve.

In this study, "straight-tailed" larvee belonging to Protostrongylus
spp. predominated In sheep feces. Larvae with dorsal spines that EEHE‘Ei}'

resemt led those of Paral?%twglus were preasent. They are
geographically widesprea eces of bighorns and possibly comprise a
number of protostrongylid lungworms one of which is Muellerius illaris
(Muller, 1889) (Pybus, unpub.)., There Is recent evidence that mountaln
sheep and goat have several protostronglylid nematodes with spined larvae
not reported from these hosts previously (Pybus et al., unpub.) Wwe
separated dorsal-spined larvae from Protostr lus larvae at 120X or 250X
depending on experience of the observer. '{T%; new to the method should
examine talls of larvae at 400X untll a "feel®™ for identification is

gequired). OF the three areas sampled In this study, only sheep from Banff
ylelded dorsal-spined larvae.

Large and small free-living mematode larvae were also recovered; the
latter were similar in size to dorsal-spined and Protostrongylus larvae.
Free-living larvae were granule-filled (Protostr lus were not), light
green (Protostrongylus were pale), and did not nge: : a E’ursnl spine.

EXPERIMENTAL PROTOCOL

Experiment 1.

This expermiment, which was designed to determine the optimum amount of
feces to use In the Baermann technic, was divided Into two trails. In
trail one, each of 10 groups of mule deer fecal pellets between 3 and 100
grams {wet weight) were placed in & 15 centimeter funnel with 350
milliliters water and run 15-19 hours. In trial two, twn each of 10, 20,
and 30 grams of deer pellets were placed in 150 milliliters water in 15
centimeter funnels and basrmannized for & and 24 hours, respectively.

Experiment Z.

Funnel size, water volume and duration of baermannization were
evaluated for larvae of P. odocoilei and Protostrongylus spp. from pellated
feces (Table 1).
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RESLLTS
EXPERIMENT 1. OPTIMUM AMOUNT OF FECES.

There was little to choose from when varying amounmts of mule deer feces
were baermannized for 15-19 hours. Results for the varying weights of
feces (with LPG's In pareéntheses) were similar: 3 grams (3038), S grams
(3340), & grams (3467), 10 grams (4225), 15 grams (3804), 20 grams (3as0),
30 grams (3910), 50 grams (3807), 70 grams (2576), and 100 grams (3355).
Recoveries were highest for the 10, 15 and 30 gram samples,

Results for the second trial, likewise, gave little to choose from
between 10, 20 and 30 gram samples although 10 and 20 gram samplas were
silghtly superior to 30 gram samples. LPG from 10, 20, and 30 grams of
feces baermannized 4 and 24 hours were 1569, 1304, 1132 and 2952, 2956 and
2533, respectively.

EXPERIMENT 2. EFFECT OF TIME, FUNMEL SIZE, WATER VOLUME AND CONDITION OF
FECES ON LARVAL RECOVERY.

Levels of infection for experiments outlined in Table 1 as reflected by
LPG's were subjectively assessed as being moderate,

P, gdocollel

With one exception (32 milliliters of water In the 10 centimeter
funnel), more larvee were recovered at 24 hours than at any other time
interval regardless of funnel size or amount of water In the funnel (Table
2). However, statistically, time of basrmannization was generally not an
important factor (pairwise comparisons were all P>0.05 except for 2 vs. 24
hours, P<0.001). There was no significant interaction between duration of
baermannlizatlion and funnel size (P>0.05) or water volume {(P>0.05).

Larval yields were significantly higher (P< 0.001) from the 10 and 15
cent imeter funnels than from the 20 centlimeter funnel, however, as shown
clearly on Table 2, water volume, not funnel size was the key traatment
parameter of the two. More LPG feces were recovered using 100 milliliters
water than with 32, 280, 490 or 780 milliliters water (P<0.001). Also,
there was no difference (P>0.05) In LPG feces between the 10 and 15
centimeter funnels with 100 milliliters water or the 15 and 20 centimeter
funnels with 290 milliliters water.

In summary, we recommend fill!.ng a 10 or 15 centimeter funnel with 100
milliliters of water and baermannizing for 24 hours (less time in the
funnel is acceptable).

Protostrongylus spp. (Canada-source feces)

Time had the greatest influence on the number of larvae recovered from



fresh faces (Table 2). More LPG feces (P< 0.001) were recovered at 24
hours than at any other time except 48 hours (28 vs. 48 hours, P> 0.05).

As with P. odocoilel, larval ylelds were higher from the 10 and 15
cent imeter funnels than from the 20 (actually, the following comparison
were significantly different, 10 vs. 20, 15 vs. 20). Alsa, as with P.
odocoilei, thers was no difference P> 0.05) in LPG feces from the 10 and 15

centimeter funnels with 100 milliliters water or the 15 and 20 centimeters
with 420 milliliters water, Unllke results for P. odocollel, water volume
did not generally have a significant influence on the number of larvae

recovered, [In fact, at 24 hours there were no significant differences (P>
0.05) between the various water volumes used. The highest counts at 24

hours were achieved when 100 milliliters of water were used. Thus, for
counting larvee of Prul;ustrur_qul.ns spp. Trom fresh, pelleted feces, we
recommend filling a centimeter funnel with 100 milliliters of water and
baermannizing for 24 hours.

Protostrongylus spp. (Wyoming-source feces)

Cutting the dried fecal pellet into quarters (halved along its length
and width) greatly (P < 0.00l1) improved rnumbers of larvaes recovered when
compared to results from Intact pellets (Table 2). Although highest LPG
"eut" feces were achelved at 24 hours of beermennization at all three water
volumes (100, 280, 490 millillters) In the 15 centimeter funnel, there were
few statlistically significant differences (2 hours vs. 12 hours and 12
hours vs. 24 hours). Llkewlse, although lower LPC "cut™ feces were
recorded when 100 milliliters of water were used than when 280 or 4%0
milliliters were used, there were no significant differences,

We do not recommend using 100 milliliters of water when basrmannlizing
air-dried "cut" feces. Varlable amounts of water are absorbed by the feces
and 100 milliliters of water i= not avallable for removal after 24 hours.

In summary, when counting larvee of Protostrongylus spp. from air-dried
feces stored in paper bags (the most often-used m%i we recommend first

cutting the pellets, adding them to a 15 centlmeter I'!u.n'n:.'l filled with 280
or 490 milliliters of water, and letting them stand for 24 hours.

DISCURSIN

It has lmgzhﬂun recognized that "diagnosis of lungworm infection in
bighorn sheep best accomplished by finding first-stage protostrongylid
larvae In fresh fecal samples® (Forrester, r? A variety of
modifications of Baermann's original methnd {B&errmm. 1917) for dolng so
has been described (Pillmore, 1958, 1959, 1961; Forrester and Senger, 1954
Uhazy et al., 1973). Plllmore's version {1961!' recelved some recognition
(Forrester, 1971) and may be very relisble as he contends, but it has not
been sdopted widely.



Adoption of a standardlzed verslon of the Baemmann technic that would
permit comparisons of larval counts between areas, investigators,
laboratories, etc, has not occurred. [t appears that, over the years, sach
laboratory usirn: the Baermann technic has discovered and employed
modifications of the basic technic the details of which are never published.

Dur work may not improve the situation, but it has substantiated that a
number of specific factors influences the efficiency of recovering larvae
from the Baermann aspparatus. Based on results of the present study,
publismed literature (for example, Forrester and Senger, 1953 and Uhazy et
al., 1973), and general impressions of what Is practical to accomplish In
the wildlife laboratory, we recommend the following as a standard technic
for diagnosis and quantificatlon of Protostrongylus infections in bighomn
sheep;

1. collect 10 to 20 grams of freshly-deposited sheep feces. Highest
counts of larvae have been reported (Uhazy et al., 1973; Gates, 1975)
from January to April and very low counts from May to October, so
collect accordingly.

2. Store feces In paper bags at room temperature (20-21C) for 3-4 weeks.

3. Crush from & to 10 grams drled pellets by either quartering e=ach pellet
8s described in this paper or by squeezing each pellet gently
lengthwise with large, blunt forceps.

4. Add 280 milliliters of warm (24-28C) water to a glass funnel 15
centimeters in diameter.

5. Place the feces on a double layer ./ cheesecloth, then place both in
the funnel for 24 hours. We usually setup Baermanns in mid-day and
gi-:a mo changes to usual office lighting; thus, samples overnight In

=

6. Remove 100 milliliters of fluld from the funnel stem Into two 50
milliliter centrifuge tubes.

7. Centrifuge 10 minutes at approximately 1100 r.p.m.'s {or allow tube to
stand for 1 to 2 hours) and remove but 5 milliliters of the
supernatant from each tube.

8. Place the 10 milifiliters of fluld suspension Iin & disposable 50
millimeter plastic petri gish and put that into a 100 millimeter glass
petri dish with a grid etched on the bottom.

9. Examinme at 12-2%% (depending on experience) using sub-stage
i1lumination.

238



10. Distinguish between and count larvae as described 1n the Materials and
Methods section. Convert counts to larvae per gram (LPGC) dry-welght
feces.

Clean glassware (funnels, centrifuge tubes, pipettes, and slides) is
essential. All glassware i5 washed thoroughly with hot water. Plastic
petri dishes are used only once.

Contamination of glassware by larvae between samples occurs readily.
Some sheep In a herd may be passing s00-10D0 LPG or more while others may
be passing none. If such samples are run consecutively in improperl
washed glassware or In funnels side by slde, contamination ls I:H‘J‘Eﬂ.b{E+
Conseguently, car® must be taken In handling glassware, etc. when running
many samples at once.

Adeption of the technic as described here is appropriate for
laboratoriss where other modifications of the Basrmann technic have been
used in the past. This entalls dividing a pellet group in half and
following procedures that have besn used and the one described here. We
have found (Wishart and Jorgenson, pers. comm. and W.M.S5., unpub.)
relatively consistent, similar differences between technics ensbling use of
a multiplication factor to update and unify data.

LITERATURE CITED

Baermann, G. 1917. Eine sinfache Methode zur Auffindung von Ankylostomum
(Mematoden) Larven in Erdproben. Geneesk. Tijdschr. Nederl-Indie.
57:131.137.

Buechner, M. K. 1%80. The bighorn sheep In the United States, its past,
present, and future. Wildl. Monogr. 4, l174pp.

Forrester, D. J. 1971. Bighorn sheep lungworm-pneumonla complex. Pages
158-173 In Parasitic diseases of wild mammals., J. W. Davis and R. C.
Anderson (eds,). Iows State Unlv. Press, Ames.

Forrester, D. J. and C. M. Senger. 1963. Effect of temperature and
humidity on survival of first stage Protostrongylus stilesi larvae.
Exp. Parasitol. 13:83-89.

Forrester, D. J. and C. M. Senger. 1964. A survey of lungworm Inflection
In bighorn sheep In Montana. J. Wildl. Manage. Z8:481-431.

GCates, C. C. 1975. Aspects of the environment-lungworm (MNematoda:
Mestastrongyloidea) - bighorn sheep (Ovis c. canadensis) system. M.Sc.
Thesis, Univ. of Alberta, Edmonton, 55pp.

Pillmore, R. E. 1958. Study of the lung nematodes of game animals. Fed.
Ald Div. Quart. Rept., Colorado Dept. of Game and Fish. Pages 1-78.




Pillmore, R. E. 1959. Study of lung nematodes of bighorn sheep. Fed. Ald.
Div. Quart. Rept., Colorado Dept. of Game and Fish. Pages 73-105.

Pillmore, R, E. 1%6l. Study of lung nematodes of bighorn sheep. Fed. Aid
Div. Quart. Rept., Colorado Dept. of Game and Fish. Pages £9-97.

Uhazy, L. 5., Holmes, J. C., and J. G. Stelfox. 1973, Lungworms In the

Rocky Mountaln bighorn sheep of western Canada. Can. J. Zool.
S51:817-824.

Stelfox, J. G. 1971. Bighorn sheep in the Canadian Rockies: a history
1800-1970. Can. Fleld-Nat. 85:101-122,



Table 1. Design for Experiment 2.
Farasite Duration of Numbar aof
[(Source) Funnel |Water baermannization replicates
Condition of feces Sizaw Vo lume in hours at sach time
Protostrongylua spp.
(Alberta-Bricish
Calumbia)
Pellaced: 10 M ml. 2,4,6,12,24 3
10 100 m1. 2,4,6,12,24 3
13 100 ml. 2,4,6,12,24, (48) 3(2)
15 280 ml. 2,4,6,12,24 3
15 490 ml. 2,4,6,12,24 3
20 490 ml. 2,4,6,12,24,(48) A(1)
20 780 ml. 2,4,6,12,24 3
mpelaphoatrongy lua
doeoilet
(Alberta)
Pelleted: as above**
Protostrongylus spp.
(Wyoming)
Palleted: 15 100 ml. 2,6,12,24 48 3
15 280 ml. 2,6,12,24,48 3
15 490 ml. 2,6,12,24,48 3
Fellets cuppddd 15 100 m1. 2,6,12,24,48 3
15 280 ml. 2,6,12,24 48 3
15 490 ml. 2,6,12,24 48 3

#  Maximum diaseter in centimetéers.

&% Delate 48 hr.

WAN Fach pellet was cut once along ita length and width with scissors.
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Table 2. Effect of funnel size, water volume and time on recovery of first-
stage P. odocoiled ang Protostrongylus spp. larvae.
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