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Abstract Automated pollen traps, with the ability

to open and close on a timer, are of great benefit in

collecting modern pollen rain samples at high

frequency in remote or difficult to access study sites.

This short communication introduces and discusses

the design of a new, automated, wet- or dry-

deposition Tauber-style pollen trap. This trap

improves upon existing designs by internalizing all

moving parts and utilizing more durable materials.

Test results show that these improvements not only

increase the versatility of the trap, by allowing for

collection via wet- or dry-deposition, but greatly

reduce the likelihood of damage or failure from

strong winds or rime/snow accumulation.
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High-frequency (i.e., weekly, monthly, seasonal),

modern pollen rain samples can provide useful

information on the timing, variability, and magnitude

of plant pollination. Outside of pure aerobiology, this

information, combined with environmental data, can

be used to produce modern analogs that aid in

paleoenvironmental or historical vegetation recon-

struction (e.g., Markgraf et al. 2002). Tauber traps

(Tauber 1967, 1974) have been used to collect

modern pollen rain for many decades and are quite

effective (e.g., Markgraf 1980; Hicks and Hyvarinen

1986; Solomon and Silkworth 1986) and inexpensive

to construct. However, Tauber traps are static devices

and rely entirely on the researcher to manipulate

them. Therefore, collecting high-frequency pollen

rain samples require the researcher to regularly visit

the collection site, collect the sample, and ready the

trap for the next sampling interval. If the collection

site is remote, or in a difficult to access location,

travel time, and costs can make this endeavor

impossible.

In a previous study, Reese (2006) designed a new,

automated Tauber trap that had the ability to open

and close on a timer. This timer could be pro-

grammed to the minute, hour, day, and year, allowing

researchers to collect pollen rain at any desired

interval. Therefore, if monthly pollen rain data were

needed from a remote location, 12 automated traps

could be deployed at one time, each set to open and

collect 1 month of the calendar year. The use of these

traps would require only two visits to the site (one to

set up, and one after the full year of collection),

instead of the 13 needed with the traditional traps.

This could potentially save a significant amount of

time and money, and allow for monitoring programs

in locations that were previously unfeasible.
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Though this trap collected pollen efficiently

(Reese 2006), the design was not without its prob-

lems and limitations. In the closed position, a

stainless steel lid covered the trap opening and

created an airtight seal. When the trap was triggered

to open, a mechanical arm raised the lid off the trap

approximately 6 cm. Though effective, this design

allowed for pollen collection via dry-deposition only,

thus limiting its applications. Also, high winds

(approximately 30 m/s) during a 3-month field test

at 3,550 m in the Rocky Mountains exposed another

potential problem with the lid and mechanical arm.

Wind loading and the resulting strain bent the lid at a

slight angle. Though it was still able to close on the

trap, higher wind speeds, lengthened exposure time,

or rime/snow accumulation could have easily ren-

dered the trap ineffective. The last problem exposed

during the test period was the choice of trap

materials; acrylic. At the end of the test period, all

of the traps showed signs of cracking due to the stress

and vibrations from wind loading.

Learning from these problems, this study intro-

duces a newly designed automated pollen trap that

allows for both wet- or dry-deposition, has no

external parts, and is produced with more durable

materials (Fig. 1). However, it should be noted that

the dimensions and design of the aerodynamic Tauber

lid have not been altered, therefore, neither has the

collecting efficiency of the trap (Tauber 1967, 1974;

Reese 2006). The body of the new pollen trap

consists of one piece of schedule 40 aluminum

tubing, that has been divided (via a welded aluminum

plate) into two sections (Fig. 2). The lower section of

the trap houses a weatherproof, linear actuator, with a

10-cm vertical stroke that has been welded onto the

floor. A two-piece aluminum guide rod is welded

onto the end of the actuator and moves up and down

with the motion of the actuator. A 25-lb steel spring

divides the guide rod, but is attached to both sections

with small hooks and spot welds. This guide rod

protrudes into the upper section of the trap via a hole

drilled through the dividing plate. In the upper

section, the guide rod is encased in an aluminum

sheath that has been welded to floor plate. This

separates the rod from the rest of the upper section,

which serves as the collection chamber, and will

begin to fill with precipitation and suspended debris

when the trap is opened. Two small drain holes have

been drilled through the outer wall of the trap, just

below the top of the sheath. This prevents liquid from

overtopping the sheath and traveling downward into

the lower section. The top of the guide rod is threaded

and a Teflon� stopper is screwed onto it. Solid

Teflon� was chosen as the material for the stopper

Fig. 1 Photograph of the newly designed, automated, wet- or

dry-deposition Tabuer trap. The body of the trap is a 45 cm

section of 8-inch (US standard sizing) aluminum tubing. The

trap lid is 30 cm in diameter with a 7.5-cm diameter opening

Fig. 2 Cut-away diagram showing the internal structure of the

new automated Tauber trap in both the open (a) and closed

(b) position
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and lid of the trap because it is durable, flexible, and

is known to prohibit rime ice accumulation.

When the guide rod is raised (closed position, see

Fig. 2-b) this stopper plugs the hole in the lid and

prevents anything from entering the trap. The length

of the guide rod is long enough that the top of the

stopper would actually extend approximately 1.5 cm

above the top of the lid, at full stroke. However, once

the stopper contacts the lid (and continues to rise) the

spring becomes compressed, providing plenty of

force to create a water-tight seal. When the actuator

is lowered (open position, Fig. 2-a), the guide rod and

stopper retract, which opens the hole and initiates

collection. In the lowered position, the stopper also

acts like an umbrella that covers the opening of the

guide rod sheath and prevents liquid from entering

the lower section of the trap. When the collection

period is over, the actuator is again triggered and the

stopper seals the opening. The lid is threaded and

screws directly onto the body of the trap, making

sample removal and cleaning very easy.

The controlling mechanism for the actuator is the

same as the previous Reese (2006) study. A Dallas

Semiconductor real-time clock (model DS1306) has

been programmed to function as a timer that triggers

the trap to open or closed with the aid of an Atmel

microcontroller (model AT89C2051) and a Micrel

low-side driver (model MIC5014). This system is

powered by a 12 V battery, which should be trickle-

charged by a solar panel if deployed for long periods

of time. It should be noted that a datalogger could be

used to trigger the actuator (open and close the trap).

This would be a much simpler solution to controlling

the trap compared with the custom programming used

in this study.

Electrical linear actuators can be purchased in a

wide variety of sizes and stroke length, which allow

these traps to be manufactured in almost any size. The

only real consideration is the estimated amount of

precipitation during the collection interval. The vol-

ume of the collection chamber must be large enough to

accommodate this liquid so that none of the sample is

lost through the drain hole. Lids of different diameter

can also be manufactured; however, care should be

taken not to change the proportions of Tauber original

design, which might affect performance. The cost of

each trap will greatly depend on its size, choice of

materials, and the amount of outside labor needed for

machining, assembling, and programming.

The first two prototypes of this new design were

tested on the McCall Glacier, Alaska (northern

Brooks Range) from August 2008 to August 2010.

The traps sit in custom-made sheet metal holders

(roughly 1.5 m above the surface of the glacier),

which are attached to an instrument tower via metal

brackets (Fig. 3). Throughout the two-year study

period, the traps have sustained no damage despite

extremely low temperatures and high wind speeds.

Automated weather stations on the glacier recorded

temperatures as low as -40�C, wind gusts reaching

43 m/s and sustained (averaged hourly) winds of

28 m/s during the test period (Matt Nolan, University

of Alaska Fairbanks, personal communication). How-

ever, this test period was not without its problems.

During the initial setup of the traps in 2008, two of

the pins on the program chip were accidentally

damaged when they were installed. Unfortunately,

the damaged chip allowed the traps to complete their

test cycle (which checks the functionality of the

system), but failed to signal the actuator throughout

the year, and the traps never opened. It is important to

note that this was human error, and not related to the

design of the trap. The next year, one of the traps was

removed to aid in the troubleshooting. However, once

Fig. 3 August 2010 photograph of the pollen traps on McCall

Glacier, Alaska
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this problem was resolved, and other minor (battery-

related) issues addressed, the remaining trap func-

tioned properly and collected summer pollen rain

(May 15th–August 15th, 2010).

This pollen sample was processed using standard

methods for meltwater (Faegri and Iversen 1989;

Reese and Liu 2002), and all pollen and spores were

identified until a count of 1,000 Lycopodium marker

spores were reached. The pollen assemblage in the

trap showed a pollen concentration of 1,223 grains/l

meltwater, which is comparable with concentrations

found in firn samples taken from McCall in 2009

(Reese, unpublished). The pollen assemblage was

also typical for a site on the north slope of the Brooks

Range and consisted of 31% alder (Alnus), 15% birch

(Betula), 15% sedge pollen (Cyperaceae), 8% spruce

(Picea), 8% grass (Poaceae), 4% pine (Pinus), 4%

Vaccinium (probably Vaccinium uliginosum, Bog

bilberry), 4% Asteraceae, and 11% spores (Anderson

and Brubaker 1986). Though much more testing is

necessary, these preliminary results show that the

new trap can withstand long periods of exposure in

harsh environmental conditions, and allow the col-

lection of high-frequency, wet- or dry-deposition

modern pollen rain in remote locations. At McCall

Glacier specifically, this device will allow paleoe-

cologists the ability to study pollen deposition on a

valley glacier. This baseline information is critical to

the creation of modern pollen–vegetation analogs and

further developing pollen as a viable proxy in ice core

analysis.
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